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Appendix A

ALTERNATIVE GEOLOGIC ENVIRONMENTS

For the near future (10 to 15 years), the only method available for the
permanent disposal of transuranic (TRU) and high-level wastes is emplacement
in cavities mined in a geologic formation. Several types of geologic forma­
tions show promise as burial environments--salt, crystalline rock, argil­
laceous rock, and tuff. ~~ich of these is to be used for a repository depends
on when the choice among them is to be made~ the longer one waits to make this
decision, the greater the number of choices that are open. The time scales
for these choices are summarized in Chapter 3 of this document.

As background material for the discussions in the main text of this doc­
ument, this appendix briefly describes the properties of the four candidate
types of rock. The u.S. Department of Energy (DOE) is investigating these
four media for possible use with high-level waste as well as the TRU waste to
be received at the WIPP. Reflecting the investigations, this appendix in­
cludes some discussion of properties like thermal conductivity that are crit­
ical to the design of repositories for high-level waste, but are not of major
importance to the WIPP.

The current investigations of alternative geologic media are extensive,
and this brief review is not intended to cover them thoroughly. A compre­
hensive review of the candidate geologic media appears in the draft generic
environmental impact statement (GElS) for the management of commercially
generated radioactive waste (DOE, 1979). Another recent review has been made
by the Interagency Review Group (IRG) on Nuclear waste Management, whose
reports (IRG, 1979~ IRG Subgroup, 1978) contain recommendations about the
choice of g~logicmedia. References to other reviews and to detailed data
appear in the GElS and in the IRG reports.

After presenting background material that explains the bases for choosing
a rock medium, this appendix reviews each of the four candidate media.

A.I GENERAL BASIS FOR CHOOSING A ROCK MEDIUM

The selection of a specific medium depends on two major properties: geo­
logic and hydrologic characteristics, which must resist forces that might ex­
pose the buried waste to the biosphere, and structural characteristics, which
must permit the construction of a mined cavity without disturbing the geologic
and hydrologic characteristics. A satisfactory rock medium must present lit­
tle threat that its hydrologic and geologic characteristics could provide a
mechanism or pathway by which the waste could return to the surface in harmful
quantities.

The geologic characteristics are 'important because the purpose of a waste
repository is to provide a place in which a solid material can be buried per­
manently. As long as the inaterfal remains solid,- it ,has little chance of
leaving its place of burial because it can do so only if some process opens
the earth to the depth of the burial point or if the surface is removed to
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that depth. Therefore geologic formations that have been stable for long
periods are sought for repository locations, on the assumption that the long­
inactive disruptive forces in the earth there will remain inactive.

Material buried in solid form might return to the surface in another way: ..
by being engulfed in a stream of water that dissolves the material and carries
it to the surface. Because the forces that influence the flow of underground
water are less catastrophic (and potentially more likely) than those that might
uncover a deeply buried solid, the hydrologic characteristics of a medium may
have greater influence on its selection than the geologic characteristics.

The structural characteristics of th~ rock are important because a repos­
itory must be designed, constructed, and 6perated in such a fashion that it

~.'-

will not upset the geologic and hydrologid' character istics. Because a reposi-
tory is an engineered structure, its ability to isolate the waste will depend
on the material in which it is constructed. Consequently, the selection of
the geologic medium must facilitate the engineering design of a structure that
will have a minimum probability of releasirg its contents.

To be able to design the underground structure to minimize its impact on
the hydraulic environment, the burial medium must be chosen with special atten­
tion to its mechanical, physical, and chemical properties. In repositories
that contain heat-producing waste, the burial medium must be able to withstand
the thermal stresses induced by that waste. Furthermore, establishing an
effective design requires analytical models for the structure that take into
account the properties of the geologic medium; without meeting this fundamental
requirement, it would be extremely difficult to be confident that the design
of the repository meets the fundamental requirements. The ability to conduct
the engineering analysis depends strongly on a thorough knowledge of the prop­
erties of a proposed medium. For this reason, the preferred medium must have
well-studied properties.

To decide in detail whether the properties of a geologic medium are satis­
factory requires that several questions be answered, including the follrn~ing:

• will the subsurface structure be able to remain open and operable over
the planned lifetime of the repository?

CD Can the structure be u.sed for ,,,aste disposal without adversely
aff0cting the surrounding geologic and.hydrologic environments?

• Can the structure be used without adversely affecting its 0 ....'11

structural integrity?

• Nill the structural material be adversely affected by heat, and will it
react chemically with the waste?

• will the surrounding geologic matet;ial react chemically "'ith the \-laste?

By revie\ving these questions ,along with others, it is possible to identify
specificall~! the important properties of a geologic medium. Among the chem­
ical properties, it is necessary to understand the solubility and chemical
stability of the medium, its ability to resist chemical change during heating,
and the corrosiveness of fluids it contains. Important mechanical properties
include tensile and compressive strength and stress-strain relationships as

A-2



expressed by elastic and bulk moduli. Important physical properties include
thermal conductivity, thermal expansion, heat capacity, and decrepitation
temperature. These properties are not known equally well for all the
candidate media.

In addition to knowing these basic data, it is important to have a well­
developed mathematical model for predicting the mechanical behavior of a
repository in the chosen medium. This model must predict the stresses, defor­
mations, and temperatures that the geologic medium will experience. It must
model the mechanisms by which the structure or its surroundings can fail~ it
can then test the conditions (stress, temperature, etc.) under which failure
could occur.

Each of the four sections that follow reviews a geologic medium in the
context of this discussion. Table A-I compares the three major geologic media
according to a number of important properties.

A.2 SALT

When geologic media were first evaluated for the emplacement of radio­
active waste, salt was judged to be the best choice for a number of reasons,
including long-term geologic stability, spatial predictability, suitability
for engineering analysis, thermal and mechanical properties, ease of reposi­
tory construction, freedom from circulating groundwater, chemical stability,
and the existence of extensive masses of uniform material. The original re­
port of a committee established by the National Academy of Sciences-National
Research Council (1957) recommended that salt be evaluated as a storage medium
because it has excellent thermal and physical properties. The report pointed
out that the existence of salt formations for several hundred million years
demonstrates that they have been isolated from disturbing forces on the surface
and from circulating groundwater~ consequently, there is an extremely high
probability that they will remain isolated in the future. Other desirable fea­
tures of salt formations are their uniform consistency, simple geologic struc­
ture, and predictable stratigraphic character over large regions. Further­
more, the mechanical and physical properties of salt are known well enough to
provide a good basis for the engineering analyses necessary for designing a
repository.

Experiments to confirm the. evaluation of salt as a suitable geologic
medium began in 1965 under Project Salt Vault (Bradsha~l and McClain, 1971),
which operated for 2 years. Other experiments have been conducted over the
past decade at the Asse experimental repository in the Federal Republic of
Germany (Kuehn et al., 1976). The experiments have confirmed the basic under­
standing of the fundamental properties of salt and the engineering analysis
required to design a repository in salt.

Project Salt Vault brought to the attention of repository designers the
phenomenon of brine migration: small amounts of brine that occur in salt
(usually less than 1% by weight) move toward emplaced heat sources. It has
been asserted that accumulations of brine in salt can lower its mechanical
strength. As long as the brine remains distributed, however, its impact on
strength will be minimal. ~1igration phenomena and reduction in strength can

~ be considered potential problems only when elevated temperatures with lurge
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Table A-I. Compar ison of Geologic Media

Property

Plasticity
Solubility
Sorptive capacity

Compressive strength
Thermal diffusivity
Thermal stability against

chemical decomposition

Salt

High
High
Low (depends on

impurities)
Moderate
High
High

Basalt or granite

BASIC PROPERTIES

None
Very low
Fair

High
Low
High: potential dewater­

ing of clay in basalt

IN-SITU PROPERTIES

Shale

Variable
Very low
High

Moderate
Low
High: potential de­

watering of clay

Porosity
Permeabil i ty
water presence

Corrosiveness of
indigenous fluid

Tectonic. stability

Geologic structure

Hydrology

0.5%, interstitial
Essentially none
Isolated from flowing

groundwater
High

Very stable

Relatively simple
areas can be found

Moderately difficult
to characterize

1%, cracks
Decreases with depth
Present, open to

flowing groundwater
Low to moderate

Very stable areas
can be found

Fracture systems
often complex

Difficult to
characterize

5-30%, cracks
Very low
Present, open to

flowing groundwater
Low to moderate

Very stable areas
can be found

Like salt

Difficult to
characterize

PRACTICAL MATTERS

Availability
Need to use explosives
Understanding of medium

for repository use
Waste rock

Mathematical modeling

Good
No
Well studied

Reuse some; pile needs
protection from
erosion and runoff

Relatively simple;
well developed

Good
Yes
Not well studied

Reuse some; pile
probably does not
need protection

Relatively complex:
not fully developed

Good
possibly
Not well studied

Reuse some: pile
needs protection,
but less than salt

Relatively complex:
not fully developed



------------------

------------ ------------- -

thermal gradients are present. The migration of brine toward heat sources is
being investigated to determine wpether it can increase the water content of
the salt near hot waste and affect the strength of the salt there.

In a TRU-waste repository, reduced strength of salt due to the presence of
brine is of minimal significance because little heat-producing waste will be
emplaced there. For centuries underground mines have been built in salt~ the
stability of these mines has not been measurably affected by the presence of
brine. The TRU waste in the repository will not provide significant heat­
induced perturbing forces on the structure or its surroundings.

The intrinsic properties that make salt an attractive medium include
uniformly low permeability, high thermal conductivity, abundance in thick
masses, and plasticity that enables fractures to heal themselves at feasible
repository depths. However, the high solubility of salt requires that exten­
sive knowledge of regional and site hydrology be obtained before a repository
site is selected~ it will be necessary to develop an understanding about pos­
sible future groundwater fl~l at a chosen site.

The solubility of rock salt in water is two orders of magnitude greater
than that of any other candidate medi~~. If man-made or natural events caused
a breach in the repository, circulating groundwater could release the radio­
nuclides in the ~mste, although the sorptive capacity of the geologic materials
along the flow paths would retard the release of these nuclides. A thorough
knowledge of these sorption properties is required for the particular rocks
and the particular grouncwaters at a repository. Generally, the sorptive
capacity of salt is low and dependent on the impurities in salt.

Extensive salt mining in many locations around the United States and abroad
has resulted in a well-developed salt-mining technology. One particular
advantage associated with salt mining is that, after shaft construction,
explosives are not needed. Electrically powered continuous-mining machines
can construct the storage rooms~ diesel-p(»~red carriers haul the mined salt
to branch-corridor conveyors, 'tlhich are frequently e>:tended to keep the hauling
distances as short as possible.

Salt differs from basalt and shale in the potential environmental impacts
of the waste rock from mining that has to be stored at the_surface. The
surface-storage pile 'trould have to be designed to limit wind erosion and pre­
cipitation runoff in order to minimize potential environmental impacts during
ana after repository operation.

In summary, salt is the- bes~ understood of all candidate~e~logicmedia
,<lith respect to its possible use-as a waste-repository medium, and it offers
advantages in thermal properties and plasticity. It is found in many places
in the United States (Figure A-I).

A.3 -CRYSTALLINE ROCKS'

Basalt, granite, and other crtstallin~-lgneous and metamorphic rocks have
been proposed as geologic'media fora rep()sitory~ extensive deposits that have
been stable for millions of years exist in the United States. The evaluation

.., of these media is in an early stage of data collection,_ and an effort is under
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Figure A-1. Map of rock-salt deposits in the United States.
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way to compile the information systematically. The basic mechanical properties
(compressive strength, tensile strength, modulus of elasticity, etc.) of these
rocks hav~ been established through laboratory tests. The properties of the
aggregate are, however, considered to be substantially different from those
of the small samples of whole rock because crystalline rocks.are fractured and
cannot be reconstituted (unlike fractured salt, which will "weld" under litho­
static pressure). It is technically possible to build openings in crystalline
rocks; still under development are analytical procedures that will completely
evaluate the impact of thermal loads on mine structures in such rock or the
surrounding rock formations.

Crystalline rocks do not dissipate heat as well as salt does; the thermal
conductivities of crystalline rocks are about one-fourtp that of salt. Each
repository in crystalline rocks will be designed with heat loads adjusted to
the thermal conductivity prevailing at the site. For some time heat transfer
through crystalline rock has been considered a potential problem because the
effects of cracks on thermal conductivity are not well known; heat dissipation
in a medium with a random pattern of cracks is presently difficult to analyze.
Experiments measuring heat conduction in granite are under way in Sweden and
at the Nevada Test Site (NTS). The test at NTS showed that the cracks in NTS
rocks affected the thermal conductivity by less than 10%. Tests conducted at
both locations confirm that temperature distributions in hard rock can be cal­
culated with a high level of accuracy.



Although large formations of salt, while soluble in water, are impervious
to the flow of water, large formations of crystalline rocks are full of frac­
tures that would provide convenient paths for water flow. In a backfilled,

(1sealed repository built below the water table in crystalline rock, the cracks_
~nd void spaces may eventually fill with water. Because the cracks throughout

the formation are mostly small, the ratio of water volume to. rock volUme is
small. Nevertheless, a major drawoac~ is that it is not yet possible to cal­
culate th.e total flow and mas~ transport under the fracture-fiow conditions.
In addition, it is not yet possible to identify the effects that thermal
loading will exert on the flow of water into or out of a sealed repository.
Techniques for making these calculations are being developed.

Flow through a fractured medium will depend on the connectedness and size
of the fractures. Their size is controlled to a large extent by the normal
stresses acting across the fractures; since these stresses increase with depth,
the permeability of crystalline rock usually decreases with depth. Although a
model has not been established to accurately evaluate fracture flow, experience
has shown that at depths of 1500 feet or more below the surface the fracture
permeability is solow that it may not be a significant threat even \-lhen
conservatively evaluated.

Because the water in crystalline rocks is more mobile than the water in
salt, it may contr ibute to slow leaching of the radioactive nuclides from the
waste. Although this condition might appear to be a problem, the magnitude of
the problem is diminished because granite and basalt have sorptive properties
that cause the radioactive elements in the water to be removed by chemical
reactions with the rock. Furthermore, the typically low ionic strength of the
water found in these formations reduces the possibility of adverse effects on
tbese sorptive properties. Because of these favorable natural conditions, it
appears that the corrosion of waste canisters stored in a crystalline-rock
repository will be slmV'; the canister may maintain its integrity over many
hundreds of years.

A major difference between repositories in crystalline rock and in salt
will be in the methods of construction. ~~ile it will be possible in salt to
use mining machines, crystalline rock will require drill~~nd-blast techniques
whose impact on the integrity of a repository is still unknown. Such tech­
niques might adversely affect the rock \V'ithin a few meters around the mined
openings. Since the rock beyond this a+fec~edvo1umewi11 provide the
required isolation, it is not clear that-drill-and-blast construction will
affect the long-term integrity of a repdsitory.Experiments will be necessary
to answer this question.

Hajor formations of granite and basalt. exist in the United Stab~s; Figure
A-2 shows their ·general locations., Reconnaissance studies have shown that the
attractive granite formations include those .in New England, the Rocky Mountain
uplift, the Sierra Nevada Mountain Range, the Appalachian Mountains, and the
Canadian Shield in~northern Minnesota and Wisconsin•. The. basalt formations of
interest are the Columbia Plateau Flood Basalts. in" liashin.gton, Oregon, and
Idaho. Because both the granite and the .basalt formations are. extensive, there
is ample opportunity to find suitable sites. Field ~tudies on the suitability
of crystalline rocks are being conducted by the DOE at the ·Hanford Site, at
the Nevada Test Site, and in Sweden. Sweden, and Canada also have such
programs.
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Figure A·2. Granite and basalt deposits in the United States.

A.4 ARGILLACEOUS ROCKS

Argillaceous rocks, especially shales, have also been proposed as geologic
media for repositories. Argillaceous rocks vary widely in their characteris­
tics: some shales are relatively plastic, with a high water content~ others
are relatively brittle, with a low ",ater content. Because of the variation in
their structure, these rocks vary widely in mechanical properties. Their
strength in a direction perpendicular to the layers is often substantially
different from their strength parallel to the layers. Shales exhibit good
strength properties in compression but little or no strength under tensile
load. Shales with a high water content may be highly plastic, deforming
slowly under in-situ stresses~ while good for closing cracks, this feature is
poor for designing,' constructing, and operating a mine that must remain open
for 20 years. The anisotropy of shale and the Possible variations in its
properties make shale 'repositories difficult to model and analyze generically.
Site-specific analyses and designs will be necessary for each proposed shale
repository.

The ability of argillaceous rock to dissipate heat is comparable to that
of crystalline rock. While facilitating uniform heat flow, the presence of
substantial quantities of water in shale may set a relatively low upper limit
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on the temperature of the waste to avoid producing high-pressure gas through
the conversion of water to steam. The design of a repository in shale will
adjust the thermal output of the waste to avoid this possibility. Experiments
with heaters have been conducted in two different types of shale. The results
of tests in wet layered shale are'qonsistent with the above picture. Tests in
nonlayered low-water-content shale indicate heat-dissipation characteristics
similar to those of granite and basalt. These tests confirm that temperature
distributions in different types of shale can be calculated with an acceptable
level of accuracy (Tyler et al., 1979).

Shale, a material of low in-situ permeability (Magara, 1971), is insoluble
in water: it deform~ under lithostatic loads, closing inherent joints. Because
of these properties, water does not move easily through shale, even though
shale may contain sUbstantial:quantities of formation'water. Although heat
could produce a major driving force to move the water, most of the waste to be
received at a TRU-waste repository will not provide such a heat load.

Argillaceous rocks, like crystalline rocks, 'may provide an aqueous
environment conducive to slow corrosive attack on the encapsulated waste.
water entrapped in shale is .ofintermediate ionic strength, which moderately
inhibits corrosive action on c~isters~ After a canister has been penetrated,
the dissolution of the waste inside would also be slow because of the
intermediate-level ionic strength of the water. The presence of radio­
nuclides in the water will be mitigated by two major factors: the slow rate of
water ,movement through the tight shale formations and the strong sorptive
capacity of the shale minerals, which reduces the concentration of radio­
nuclides in the water through chemical reactions.

The methods for constructing a repository in shale will vary: the soft
layered type of shale could be mined with machines, while the harder argil­
lites might require dr iIi-and-blasting techniques. A major concern about the
construction and operation of a repository in shale is the possible occurrence
of squeezing zones: thin layers of unusually soft, plastic material that could
be squeezed by lithostatic forces into mined openings. A study of the Eleana
argillite at the Nevada Test Site showed that a repository in this type of
formation would require substantial expenditures for necessary structural
supports underground because of the presence of squeezing zones (Fenix and
Scisson, 1978: Yaner and Owen, 1978).

Large formations of argillaceous material are. located in the united
States: the largest is' the Pierre Shale, in portions of North Dakota, South
Dakota, Colorado, Montana, and Wyoming'~ Figl.lre A-j· shows the location of this
and other major argi;l.laceous formations in' the Uni ted States~

A.5 'TUFF"

Tuff is composed of material ejected~rom volcanoes: soine of the best tuff
formations are located in voicanocalderas'. It has onlyrecen"tly been con­
sidered for repositories: data' on it'ss'uitabilityhave been gathered for ap­
proximately 1 year. Figure A-4 shows regions in the United States where tuff
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deposits are found. None of these regions are in the eastern part of the
country~ material originally ejected from volcanoes there has metamorphosed
and is not classified as tUff.

Triassic
basins

There are two types of tuff to consider. Welded tuff has low porosity,
low permeability, high strength, good thermal stability, and moderate chemical
sorptivity. Nonwelded tuff has high porosity, low permeability, high water
content, low strength, good thermal stability when dry, unusual thermal expan­
sion properties, and extremely high chemical sorptivity. The first investiga­
tions of these materials suggest that they are promising media for the geologic
disposal of waste.

Because of the process by which tuffs are deposited, the welded tuff is
usually surrounded by at least a partial envelope of nonwelded tuff. If a
repository were built in such a formation, the welded tuff would provide high
mechanical strength and thermal stability while the surrounding nonwelded tuf~

would provide strong sorption of radionuclides. This arrangement could be a
nearly ideal set of multiple barriers under the proper mineralogical and
hydrologic conditions. Because the arrangement is complex, the. engineering
design of a repository in tuff will be difficult~ however, the benefits could i.
be significant.

Figure A-3. Deposits of argillaceous rock in the United States.

West
Coast
clays

Source: Johnson and Gonzales (1978>'



Figure A-4. Tuff deposits in the United States.
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Appendix B

THE NATIONAL WASTE TERMINAL STORAGE PROGW\M
AND ALTERNATIVE GEOLOGIC RRHONS

The National waste Terminal Storage (NWTS) program of the U.S. Department
of Energy (DOE, 1979) is directed at the development of facilities for the em­
placement and disposal of high-level and transuranic (TRU) waste within deep
geologic formations in order to provide safe, long-term isolation of the waste
from human activities and from the environment. The program contains several
elements:

1. Geologic studies to identify suitable geologic media and potential
sites in various geographic regions.

2. Analysis of the behavior of radioactive waste in candidate geologic
structures.

3. Engineering and design of operating repositories and associated
specialized equipment.

4. Development of packaging and storage methods for unreprocessed spent
fuel.

This appendix discusses the nature and status of the first program element
listed above.

B.I REGIONAL STUDIES

Site-evaluation activities include geologic investigations and supporting
studies of the surface environment. These start on a broad national scale and
subsequently narrow to candidate regions and then to investigations of areas
within regions, finally resulting in work at specific sites. The confirmation
of a potential repository site requires a detailed study of the geologic,
hydrologic, environmental, and socioeconomic characteristics of the site. For
a site to be acceptable, it must be established, in the framework of licensing
regulations, that no credible circumstances would be encountered that would
result in releases of radionuclides from the emplaced wast~ to the biosphere
in quantities that would constitute a hazard to the public.

Geologic media being studied include salt domes~ bedded salt, granite,
shale, and basalt. These are found in many parts of the United States. Other
materials, such as tuff and carbonate rocks, may also meet the requirements
for a candidate host rock.

Most investigations of geologic disposal to date have centered on salt
formations, and the prtmary emphasis of the NWTS program remains on salt domes
and bedded-salt formations. Regional studies have been completed on the
Permian basin of the Central United States, the Salina region (comprised of
the Michigan and Appalachian basins) in the northeast, the Paradox basin of
Utah, and the salt domes inland from the Gulf of Mexico. In addition, because
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they are DOE sites already committed to nuclear purposes, the Hanford Site
in south-central Washington and the Nevada Test Site are being examined to
determine whether suitable sites exist among the rocks they contain. The
status of the site-selection studies is summarized in Section B.3. Sections
B.4 through B.8 describe the regional studies and the work at the Hanford Site.

B.2 SAFETY STUDIES

A systematic evaluation of the safety and reliability of geologic disposal
of radioactive waste is required in order to insure the viability of specific
designs at specific sites being considered for repositories. In theNWTS pro­
gram this evaluation is almost entirely in terms of the disposal of commercial
high-level waste. These studies contain the following elements:

1. Models for analyzing disruptive events, both natural and man­
induced.

2. Thermal analysis models.

3. Studies of interactions between the emplaced waste and the surrounding
rock and groundwater.

4. Waste-migration models.

5. Borehole-plugging studies.

6. Systems analysis for linking all those effects together.

A basic program containing these elements, the Waste Isolation Safety
Assessment Program (WISAP), is in'progress. This program is independent of
that used for the safety analysis reported in Chapter 9 of this document~ one
of its tasks, therefore, is to make analyses that parallel the Chapter 9
analyses. The principal purpose of the WISAP, however, is to aid in the site­
selection and site-characterization activities of the NWTS program and eventu­
ally to enter into the environmental assessments required by the National
Environmental policy Act of 1969 for whatever sites are on the final list of
alternative candidate sites.

B.3 STATUS OF SITE-SELECTION STUDIES

The earliest dates for the qualification of sites are as follows:

Geologic medium and location

Bedded salt (other than Los Medanos)
Dome salt (Gulf interior region)
Basalt (Hanford)
Nevada Test Site
Other hard-rock sites
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1985
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1984
1985
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B.3.l Gulf Interior Salt Domes

The Gulf interior salt-dome region contains several hundred domes
scattered across northeastern Texas, northern Louisiana, and central
Mississippi. Picking a site in this, region amounts to picking a particular
dome, as they are discrete entitf~'s~ At this point th~ main criteria are
size, depth to top, and the nature of previous disturbances. Attention has
been narrowed to eight domes, three each in Texas and Mississippi and two in
Louisiana. Hydrologic characteristics, qn the other hand, can be and are
being studied regionally.

Most of the early knowledge of these domes has been obtained from the
study and analysis of information from U.S. Geological Survey and state files
and of drill-hole, seismic, and other geophysical data purchased from com­
mercial interests. Indirect geophysical methods, such as aerial photo­
grammetry and infrared remote sensing, have also been used.

Early field evaluations resulted in the elimination of the Palestine Dome
(Texas) in October 1979. Studies of the remaining seven domes are continuing.
They include hydrologic studies of the three sedimentary basins in which the
domes qccur as well as dome-specific geologic and hydrologic studies. The
understanding of dome locations is being further refined by ,gravity surveys,
high-resolution seismic reflection and refraction surveys, and borehole evalu­
ations. All of the seven domes being investigated are considered to be tec­
tonically stable~ no capable faults are known to exist in their vicinity. In
late 1980, two or three domes will be recommended for further examination in
the "location" study phase of the site-exploration process.

Salt domes appear to be viable alternatives to bedded-salt sites. Several
European countries are considering salt domes seriously, and the Federal
Republic of Germany has operated an experimental repository in a salt-flow
structure for 13 years.

B.3.2 Hanford Basalt

The Columbia Plateau basalts cover a vast region of central Washington,
northern Oregon, and western Idaho~ much of it might in principle be of
interest for waste disposal. For the practical reason that the Hanford Site
in the State of Washington is already Federal land administered by the DOE for
nuclear purposes, the detailed investigation ,of these basalts has centered on
those of the Pasco basin, in which Hanford lies.

Geologic study of the area
the present context started ,in
work has been done,' and 16 new
hydrologic tests.

was begun more than ~ decade ago. Studies in
1976~ since then much mapping, and geophysical
holes have been drilled for cores, logging, and

· ~..

The basic geologic structure consists of a series of lava flows separated
by porous, water-bearing b~ls. There has been essentially no mineral explora­
tion in these basalts, and there is little prospect for,it. T:pis, plus the
extensiveness of the flows, implies: that if any part of the structu're proves
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satisfactory for waste disposal, there will probably be a great deal of choice
in site selection.

The use of basalt can rely but little on experience and analysis made for
salt. Therefore high on the program is the measurement of the physical, ther­
mal, and chemical properties of the basalt, both alone and in the presence of
groundwater. A Near-Surface Test Facility is being built in the northeastern
portion of the Hanford Site for in-situ testing, especially with electrical
heaters.

B.3.3 Nevada Test Site

The Nevada Test Site (NTS) is a large site, about 40 by GO miles in size.
It lies in the Basin and Range physiographic province and at the northern edge
of the Mohave Desert ecosystem. Elevations range from 3000 to 7000 feet, and
the climate and biological features vary greatly with elevation.

The primary mission of the NTS is the underground testing of nuclear
weapons. Indeed, it is the only test site for this purpose now available to
the United States. Because of the presence of residual fission products and
transuranic nuclides on the surface and under the ground, the NTS is committed
for the indefinite future to retention and care by the U.S. Government.

The NTS contains a variety of geologic environments that might be con­
sidered for waste disposal. However, potential interference with or by
nuclear testing restricts areas that might be considered to those in the
southwestern portion of the Site. Four such areas are under consideration;
two are granite areas, one is shale, and one is tUff.

All four areas have been investigated by surface geologic mapping and
geophysics, and two by drilling. Drilling into one of the granite areas was
discouraging: the granite was encountered much deeper than aeromagnetic
surveys had implied. The other area drilled was in tuff, and it continues to
look promising.

At present only the Yucca Mountain location is being explored. This loca­
tion is underlain by approximately 6000 feet of interbedded welded to nonweld­
ed tUffs. An ideal geologic setting for a repository in tuff is a thermally
conductive, mechanically strong, welded tuff enveloped by a low-permeability,
highly sorptive, nonwelded zeolitized tuff. Field mapping, core drilling, and
geophysical surveying are in progress to assess the extent to which these con­
ditions exist at Yucca Mountain. A GOOO-foot core and hydrologic test hole is
being drilled into the study area; the results will be correlated with data
from a 2500-foot Bole drilled earlier. The water-bearing properties of infer­
red fracture zones in the Yucca Mountain area will be evaluated by hydrologic
testing and geophysical surveys.

The NTS is in seismic risk zone 2, near zone 3. The Basin and Range pr~

vince is well known to be seismically active. It is therefore necessary to
find a block of material that has suitable properties and is sufficiently dis­
tant from active faults. Closely related isthe'question of volcanism; 12 to
13 miles southwest of the NTS there is evidence of volcanic activity as re­
cently as 280,000 to 300,000 years ago.
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The hydrologic characteristics of the NTS and its environs are well
studied in the areas used or affected by nuclear testing but not in the
southwestern area being considered for waste disposal.

B.3.4 Paradox Basin

Regional geology is still being studied in the Paradox basin in south­
eastern Utah and southwestern Colorado. In additipn, three holes have been
dr illed in a structure ,called the Salt Valley anticline, one of the salt
diapirs of the basin. The deepest of the three was continuously cored to a
depth of about 4000 feet. Several types of geophysical logs have been run in
these holes, and open-hole injection, 'pumping , arid swabbing hydr.ologic tests
have been conducted. The most recentactivity.hasl:;>een ,yertica:i. seismic pro­
filing, in whichaseismicsour,ce in one ,hole~s~;getected:~in:another'hole.

In the near future, at least two deep holes; one ,in the Gibson dome area
and one in the Oil Ridge area, will be cored; logged, and' extensively tested.
Preliminary results indicate thatt>edded-salt layers,6f s~ff~cient volume are
present, at. suitable depths iIi, th~ ,utah portion!;iOf the Paradox basin. The
area is 'being inve~tigatedfoi~')list9,rJc<i1evid¢nc;:~ ofearthquakesj especially
in the, basin itself.' , Sttidies'9I<PQte~~~iar'r:~$bl!iceconflict andgroundwa ter-
flow systems are, also in prog;resl? " ' ,

B.3.S Permian Basin

Permian basin studies have concentrated on the Texas Panhandle. There is
essentially no Federal land in the area, and access for drilling and other
direct field work is difficult. Nevertheless a great deal of information is
available from geophysical measurements and holes drilled by oil companies,
and there have been a few holes drilled and logged by the NWTS program on the
east edge of the Palo Duro basin.

B.3.6 Salina Region

The Salina bedded-:salt region includes· parts of Michigan,,' Ohio,
Pennsylvania, New York,.' west virginia, and O!1tar:io;:. Regional studies for the
New York and Ohio portions of the Salina basin paveidentiHedareas that
appear: to be geologically favorable to. justify'~or~ detailed investigations.
The Michigan portion of ,the S,alina ,basin,!,hasho,t-been. studied in similar
detail, but it is, known thaLM5.chiga'n· has;', ~ait:. beds of s'ufficient thicKness
and extent at suitable~depths' :t()me~t'gerieralspecifications~or waste
reposi tories. No field' investigations have been carried oilt by the, DOE in the
Salina basin. Somefield,work in support of repository sitinghasheen
conducted in New York and Pennsylvania bi the U.S. Geol,ogical Survey'- . Much
additional information is, needed before a potential repository'sitecan be
identified in the Salina basin. At present, 'no part of the basin has been
investigated enough for a judgment of its acceptability as a repository sIte.
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B.4 PERMIAN REG ION*

B.4.l Geology

The Permian region is located in portions of Texas, New Mexico, Oklahoma,
Colorado, and Kansas, the entire region encompassing approximately 189,000
square miles (Figure B-1). The land surface consists predominantly of flat
plains and tablelands, but some hilly and low mountainous areas exist east
of the Midland basin in Texas and along the Wichita Mountains uplift in
Oklahoma. Elevations range from 1500 to 2000 feet above the mean sea level in
the eastern portion of the region to 5000 feet above the mean sea level in the
west.

The Permian region has been tilted, warped, eroded, and invaded by at
least one major sea since Permian time (280 to 220 million years ago). Rocks
that predate the Permian period show local faulting and complex folding, but
the Permian and younger strata are virtually free of deformation and in most
areas have a dip of less than 0.5 degree. Most of the modern structures are
probably of shallow origin and do not appear to reflect recurrent movement
along Paleozoic or older structures.

The Permian region had a complex tectonic history d~ring the Precambrian
and Paleozoic Eras, culminating in the Wichita, Ouachita, and Arbuckle periods
of mountain building, all of which occurred during the Pennsylvanian period
(approximately 310 to 280 million years ago). It was in this tectonic frame­
work that the region developed. A second period of mountain building, re­
ferred to as the Laramide orogeny, resulted in the uplifting of the Rocky
Mountains just to the west of the Permian region about 65 million years ago,
but this affected the region very little. In summary, the Pennsylvanian
period of basin formation and crustal uplift is the only major tectonic activ­
ity that has affected the Permian region since Precambrian time, approximately
1 billion years ago. Structural readjustments since the Pennsylvanian have
had little effect on the post-Permian rock units, including the extensive salt
sequences.

The entire Permian region lies within seismic risk zone 1, which indicates
that ground rupture should not be anticipated in the region. Recorded seismic
activity is low compared with. that of most other parts of the united States.
Earthquakes with modified Mercalli intensities of V to VII are scattered
sparsely over the region. Of the region underlain by salt, the only part that
has undergone significant activity is the area on the flanks of the Amarillo
uplift and along its west-northwesterly continuation across the Bravo dome and
the Dalhart basin.

The Permian region has long been one of the major oil- and gas-producing
regions of the United States. The hydrocarbon reservoirs of eastern New
Mexico and west Texas range from Ordovician to Permian in age. Limestones
deposited during Permian and Pennsylvanian time served as stratigraphic traps
for hydrocarbons and have been the major producing strata in the Silurian,
Devonian, and Ordovician systems. Future exploration is anticipated to the

*Data from Environmental Characterization of Bedded Salt Formation and
Overlying Areas of the Permian Basin (NUS, 1979a).
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Figure B-1. The Permian bedded-salt basin.
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north of the pres~ntly producing fields in southeastern New Mexico. ' In rela­
tion to the Upper Permian sal t-bear ing formations, most of the drilling for
development and exploration'will be at depths greater than those of the salt
formations.

Major natural gas fields are present in western Oklahoma and the Texas
Panhandle. There is some oil production in the area but far less than that
of natural gas. The hydrocarbon-production zones in western Oklahoma and the
Texas Panhandle are mainly lower Permian and Pennsylvanian strata. Most of
the successful wildcat wells have found production horizons in Pennsylvanian
and Mississippian strata, but deeper drilling is finding producing zones at
depths of 25,000 feet in Silurian and Devonian systems. The principal oil~

producing" stratum is Pennsylvanian in age. Oil is also produced along the
south side of the Palo Duro basin, along the crest of the Matador arch. Pro­
duction is small from these basins. In addition to oil and gas, helium is
produced at three localities, and car~on dioxide is produced from Permian
rocks. On the basis of current leasing and drilling activity, it is antici­
pated that there will be exploration and development efforts for hydrocar'bon
zones below the Permian salt formations in west~!,n "Oklahoma and ~he Texas
Panhandle.

The southeastern Colorado portion oL the Permian region supports oil and
gas production that is small in comparison~iththatof the other produc.lng
provinces''in the region •. principal" hydrocarbon-production zones for this area
are Pennsylvanian and Mississippiari strata. Future drilling activity in
southeastern.Colorado wiJl"be in Pennsylvanian and Mississippian strata, which
are stratigraphically be1ow' the Permian salt formations.

Major natural gas occurrences extend "northward from western Oklahoma and"
the Texas "Panhandle into Kansas. Hydrocarbon-production zones for the Kansas
portion of the Permian region are in Cretaceous, Permian, 'Pennsylvanian,
Mississippian,and Ordovician strata. It is expected that future drilling
efforts for Paleozoic strata will continue at a high rate in southwestern
Kansas. Helium is also produced in the Kansas portion of the region.

Lignite deposits occur in north-central Kansas, although production from
this area is sparse. Lignite has also been mined from limited seams in
Cimarron" County,. Oklahoma, for domestic heating purposes.

Uranium resources are scattered in small deposits across the south-central
portion of the Permian region in eastern New Mexico, the Texas panhandle, and
.western Oklahoma. A few local deposits are also present in the southeastern
Colorado portion of the region. Production has been small because of the
limited size of the deposits.

There 'are no known metal occurrences within' the Permian region, though
iron and titanium are found near its periphery in Kiowa County, Oklahoma.

The production of various nonmetals has been, and continues to be, one of
the major lndustries in the Permian region. The nonmetallic mineral industry
in the region includes construction materials (e.g., stone, sand and gravel,
volcanic ash, and scoria). These nPrmetals are extracted from depths of
usually less thana few hundr.ed f~eti," and thus extraction would not interact
with the saitdeposits under consideration. Evaporite (e.g., potash and .-
anhydrite) deposits are also located extensively over much of the region.
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B.4.2 Hydrology

The Permian region has a se~i~rid climate characterized by low rainfall
and runoff, high evaporation, and frequent strong winds. The rivers in the
region generally rise on the eastern slopes of the Rocky Mountains and flow
southeastward across nearly flat plains, which slope eastward at 5 to 15 feet
per mile. Rainfall and runoff increase and evaporation decreases to the
east. The mean annual precipitation varies from less than 16 inches in the
western part to about 30 inches in the eastern part. The mean annual runoff
varies from less than 0.2 to about 4 inches from west to east. The quality of
many streams in the region is poor because of natural contamination (salt,
sulfates, silt) and man-made sources (oil-field brine, feedlot drainage, irri­
gation runoff, municipal and industrial discharges). In many areas, river
water is unsuitable for most municipal, industrial, and agricultural water­
supply purposes. Although major ·floods occur infrequently, localized flooding
may occur as a result of intense local precipitation. In most areas, such
floods are characterized by rapidly rising and falling peak discharges and
high water velocities. Flooding is controlled or mitigated by reservoirs and
flood-control dams on many streams in the region. Reservoirs are also used
for minimum flow maintenance.

The largest single user of water·in the region is agriculture (about 87%
of the total consumption). Domestic uses, manufacturing, and steam­
electricity generation account for most of the remaining water consumption.

Because of the limited availability and variable quality of surface water,
groundwater has become the dominant water resource in the region. Sixty-three
percent of the water withdrawn in the region comes from groundwater. Aquifer
types include stream-valley alluvium: terrace alluvium: carbonate and gypsum:
sand and sandstone: and undifferentiated sandstone, carbonate rock, shale, and
basalt. The Ogallala aquifer is a terrace-alluvium aquifer extending from
southwest Texas across parts of New Mexico and Colorado, and w~stern Colorado,
Oklahoma, and Kansas. It is the most important source of water in the region
and is one of the most intensively, developed in the united States. The zone
of saturation ranges from a few ,feet to more than 250 feet, and the depth to
water ranges from less than 50 to more than 300 feet. The yields of wells
range up to 1500 gallons per minute (gpm), depending largely on the saturated
thickness. The wa,ter is generally of good quality but can be.,hard locally.
Virtually all of the withdrawal in the heavily pumped areas comes from storage
(i.e., the water is being mined).

Alluvium and terrace deposits repre~ent, deposits of the major s~reams

formed during the period of dissection ,of the High Plains and~onsist largely
of reworked material derived from the Ogal1ala,Format~on., The' alluvium and
terrace deposits are nearly continuous along the major streams, although there
are gaps along some of the streams where alluvial deposits are thin or ab­
sent. The zone of saturation ranges froin 0 'to 150' i;eet, and, well yields range
from less than 100 to 3500 gpm. ,The" water ranges from. ~resh to highly saline.

The Edwards-Trinity (Plateau)' aquifer is a sand and sandstone aquifer at
the southern boundary of the Permian regio? It ,consists of massively bedded
limestone interbedded with shale. Although the yields of wells in most places
average about 250 gpm, they can exceed 3000 gpm in places where the secondary

~ permeability of the limestone is well developed. Water, in the aquifer is
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generally fresh, although the concentrations of total dissolved solids can
reach about 3500 mg/l.

The. Rush Springs and Gerber-Wellington aquifers in Oklahoma and the
Roswell artesian aquifer in New Mexico lie pr imar ily outside the Permian
region but do provide an important water resource to the portions of the
region that they include.

B.4.3 Climate

The Permian region is in the Southern Plains and Lowlands climatic zone.
In general, climatic changes are gradual across the zone because there are no
significant climatic barriers. Differences in climatic conditions within this
zOJ:le are controlled pr imar Hy by latitude, general air mass and other storm
movements, elevation, and distance to sources of moisture~

The climate is predominantly continental, with cold winters and warm to
hot summers. The western portion of the region has a dry climate because of
the blocking effect of the mountains to the west. The modifying effect of the
Gulf of Mexico results in a warm, humid, and rainy climate for the eastern
portion of the region. The northern portions of the region are frequently
affected by cold polar and arctic air masses dur ing the winter and less fre­
quently during the summer. Wind and precipitation patterns indicate a rela­
tively high erosion potential.

Fundamental changes in the climate of the region have occurred over the
,last million years (the Pleistocene Epoch). During this period there have
been four ice ages, the most recent of which ended about 10,000 years ago.
Although glaciers did not extend to the Permian region, the climate was prob­
ably'cooler, wetter, and stormier than at present. Flooding was probably more
frequent.' The current epoch (Holocene) is considered to be interglacial, and
there are indications that a long-term global cooling trend is under way at
present.

In the Permian region the 24-hour maximum rainfall with a 100-year recur­
rence interval ranges from 5 inches in the northwestern portion to 8 inches
in the eastern portion. These values are typical for the contiguous united
States. The frequency of tornadoes is noticeably greater in the central,
northern, and eastern portions of the region. (Texas, Oklahoma, and Kansas are
~ithin' an area of the United States that is associated with frequent occur­
rences of tornadoes.) Similarly, most of the northern and central portions of
the region experience 100-year maximum winds with speeds of more than 90 mph,
which is relatively high in comparison with typical values in the United
States. Restrictive-dispersion conditions (inversions) are relatively infre­
quertt in. the region compared with the rest of the contiguous United States.
The occurrence of restrictive-dispersion episodes increases from east to west
across the region.

Air-quality statutes and regulations restrict development In areas that
are not attaining the national ambient air-quality standards (unless certain
offset criteria' are satisfied) or where emissions would result in violations
of the standards or would exceed increments established by the Clean Air Act.
Amendments of 1977. Data indicate that the national ambient air-quality
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secondary standards for particulates are being exceeded throughout the western
half of the region and in some eastern areas. Furthermore, the particulate
concentrations in the area betwe.en .. Amarillo and Midland, Texas, exceed the
national primary ambient air-quality standards for particulates.

B.4.4 Background Radiation

Background radiation is ubiquitous, resulting from cosmic, terrestrial,
and fallout sources. The limited data available for the Permian region reveal
no anomalous areas.

B.4.5 Demographic, Socioeconomic, and Land-Use Systems

The Permian region is sparsely populated. Only three urban areas in the
region support a population of more than 100,000 inhabitants: Wichita, Kansas
(approximately 300,000), Lubbock, Texas (approximately 150,000), and-Amarillo,
Texas (less than 130,000). Odessa and Midland, Texas, have populations of
just over 80,000 and 60,000, respectively. The largest urban area within 75
miles of the region is Oklahoma City, Oklahoma (approximately 580,000).

Total earnings for the Permian region in 1970 amounted to approximately 11
billion dollars; by the year 2000, earnings will be approximately 27 billion
dollars. The dominant lan~ use is agriculture. The livestock industry yields
more earnings than all the field crops combined. Earnings from agriculture,
forestry, and fisheries accounted for about 14% of all earnings; manufactur­
ing accounted for approximately 13%. Mining and other extractive industries
accounted fdr approximately 5% of the total earnings. Approximately 68% of
the earnings was produced by retail and wholesale trade, government, and
institutions. This percentage is expected to increase, whereas the percent­
ages for agriculture and mining are expected to decrease in the coming decades.

Sensitive or conflicting commitments of land areas larger than 10,000
acres include 142,200 acres ot: Indian lands (trust areas) in Oklahoma. Also
within the region are" 2 natipnal parks (93,720 acres), 5 national forests
(639,321 acres), 3 wildlife refuges (64,606 acres), 11 recreation areas on
Bureau of Reclamation projects (1,143,921 acres), 1 military installation
(33,848 acres), and other. military areas (primarily restr~cted air spaces),
totaling 23,850,624 acres. The area committed to these activities is approxi­
mately 22.86% of the Permian region. The bulk of the land is range, agricul­
tural, and open land, with some areas preempted for urban and residential
development and for transportation networks~

The Permian region is traversed by a network of highways and rail lines.
The highway system is the dominant mode :of transportat~on throughout the
region. Railroad trackage has been developed most intensively around major
rail hubs within or near the northeastern portion of the region.
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B.4.6 Terrestrial Ecosystems

The Permian region covers some 189,000 square miles and includes a variety
of soil, topographic, and land-use patterns. About 98% of the region is
classified as range or pasture (58%) or cropland (40%).

Most of the natural vegetation in the region is classified as grassland
and shrubsteppe (97%), but forests (3%) are scattered along the major river
drainages in Kansas, Oklahoma, and eastern Colorado and in the low mountains
in the western portion of the region. Forests are not commercially valuable
in the region because of their limited distribution. Nevertheless, they
provide important wildlife habitats. Wetlands are scarce. However, six
typical wetland areas are identified, one of which (the Great Salt Plains in
Oklahoma) has been proposed for Registered National Landmark status. The
region cOQtains seven national wildlife refuges in wetland areas. The Society
of American Foresters has identified two natural areas in Kansas that are set
aside for scientific, educational, or recreational purposes. The Nature Con­
servancy has designated at least three natural areas in the Oklahoma portion
of the region. Twenty-four plant species that are proposed for the Federal
list of endangered species occur within the region.

Regiona>l'wildlife includes some 85 species of mammals, at least 350
species of birds, and more than 100 species of amphibians and reptiles.
Forestland, shrubland, and openland species are well represented. Important
wildlife includes game species, furbearers, and one species on the Federal
list of endangered species, the black-footed ferret. At least 35 game birds
and 26 game mammals are found in the region, and hunting and trapping are
important. The white-tailed deer, mule deer, and pronghorn are important
big-game animals. Cottontail, jackrabbit, and fox squirrel are important
small-game mammals. Nonmigratory game birds include the turkey, ring-necked
pheasant, lesser prairie chicken, bobwhite, and scaled quail: migratory game
birds include waterfowl and the mourning dove. Birds on the Federal list of
endangered species include the brown pelican, Mexican duck, bald eagle,
peregrine falcon, whooping crane, and Eskimo curlew.

The major land uses in the Permian region are cropland and range and
pasture. The major cropland areas are in Kansas and Texas: Texas and New
Mexico have the largest amounts of range and pasture land. Important crops
include winter wheat, sorghum, and cotton. Cattle, sheep, hogs, and milk cows
are important livestock.

B.4.7 Aquatic Ecosystems

A large portion of the Permian region is semiarid, with intermittent
streams as'the only aquatic habitat. These streams, when flowing, are
generally high in mineral content from natural sources (salt springs, brine
seeps, or gypsum overburden) and from human activities (petroleum and natural
gas production or irrigation return flows). As a result, the most suitable
(often the only available) aquatic habitats are near the peripheral portions
of the region.

In the northern portion of the region, streams of the Smoky Hill River
system, which drain ultimately to the Missouri River, are turbid and
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moderately salty. During low-flow periods in summer months, particularly in
the upper reaches, these streams become ephemeral. Near the northeastern
boundary of the region and below the confluence of the Saline and Solomon
Rivers, the Smoky Hill River system maintains adequate flow and supports a
marginal recreational fishery for catfish and carp. The Topeka shiner, a
threatened fish in Kansas, has been recorded from the Smoky Hill and Saline
Rivers within the Permian region.

Rivers of the north-central Permian region, including the Arkansas,
Cimarron, Canadian, and Red Rivers, have poor water quality as a result of
natural and man-induced pollution. These streams (with a possible exception
of the Arkansas River) have their origin in semiarid regions and frequently
exhibit no flow or subsurface flow conditions. Consequently, suitable habi­
tats for aquatic organisms are mainly outside or near the eastern periphery of
the region. A few locally endangered or threatened species may occur in the
north-central portion of the region but are expected primarily in the head­
water areas of Colorado and New Mexico or near the eastern boundary of the
region, where the streams become larger and flow continuously.

Much of the central Permian region, although within the watersheds of the
Brazos and Colorado Rivers, consists of playa lakes and dry creeks and is
essentially noncontributing. Aquatic habitats are therefore few in number
and, when present, are generally not suitable for fish and aquatic inverte­
brates because of the naturally high salt content of surface waters. A few
tributaries (e.g., the Concho River of the Colorado River system, which is
essentially spring-fed) maintain flows and water quality that support exploit­
able fish populations. Such streams are generally near the eastern boundary
of the region.

In the south and southwest portions of the Permian region, the Pecos
River, although,polluted from natural brines and irrigation return flows, sup­
ports a diverse fish fauna in tributaries to the main-stem river. Many of the
species and subspecies of this region (particularly the several species of
desert pupfish and gambusia) have been isolated by natural barriers and are
restricted to specific habitats (often a single tributary or spring). Because
of their highly restricted distributions and dependence on unique habitats for
survival as a species or subspecies, many of these fishes are considered to be
endangered.

B.5 SALINA REGION*

B. 5.1 Geology

The Salina region includes portions: of New York:, Pennsylvania, Ohio,
Michigan, West Virginia, and 'Ontario(Figur~ B-2).o . The entire. region, ~ncom­
passes approximately 80,000 square miles.of .land area in the United States.

'"• ,J,.~

About half of the Salina region· is in the' Great. Lakes section of the
Central Lowland physiographic province. The lakes and terrain features, such

*Data from Environmental Characterization of Bedded Salt Formation and
Overlying Areas of the Salina Basin (NUS, 1979b).
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Figure B-2. The Salina bedded-salt region.



as moraines and drumlins, reflect the prominent effects of Pleistocene
glaciation in this section. The remainder of the region is a part of the
Appalachian Plateaus physiographic province. It is composed of shallow river
valleys and broad ridges, with escarpments that; provide abrupt changes in
elevation. Local elevations generally vary by no more than 300 to 400 feet;
however, the elevation increases in going from west to east from about 1000
feet above sea level in Ohio to about 2000 feet above sea level in New York.

The Salina region lies within two major tectonic divis~ns: the Central
Stable region in the west and the orogenic belts of the Atlantic margin in the
east. The Central Stable region is founded on Precambrian rocks that compose
the stable interior of the North American continent. The eastern areas of the'
region contain mountainous areas uplifted and deformed during the Paleozoic
Era. Separating the eastern and western portions of the region are a series
of arches--areas that were stable or gently uplifted and deformed during the
Paleozoic Era, when the Appalachian and Michigan basins were subsiding. It
was during these periods of subsidence that salt beds were formed. All these
structures are extremely old, with no major movements in the earth's crust for
approximately 190 million years. Indeed, the Salina region has exper ienced no
major internal tectonic activity since Precambrian time (1 billion years
ago). ,Major structural features within the region are few, uncomplicated, and
broad in extent. Minor structures within the region are also relatively few
and simple.

The Salina region is one of low seismicity. Earthquakes in the eastern
portion of the region are attributed to readjustment of the earth's crust
after the most recent Ice Age. Major surface faulting is uncommon. Several
seismic events have occurred in the vicinity of Attica in western New York.
These earthquakes have been related to the Clarendon-Linderi/Fault, a north­
south-trending tectonic feature. Several moderate earthquakes (modified
Mercalli intensity of V) have occurred near Cleveland, Ohio. Portions of the
Salina region in Michigan, Pennsylvania, and West Virginia have been virtually
earthquake-free.

Oil and gas fields have been developed in all parts the Salina region.
Primary, secondary, and tertiary recovery efforts, which include water flood­
ing and fracturing, may have affected portions of the Silurian salt layers.
The most abundant oil and. gas fields'·are in Pennsylvania, West Virginia, and
Ohio. Major bituminous coal reserves occur in Pennsylvania, West Virginia,
Ohio, and Michigan. Much· of the coal is within 300 feet of the. surface, \vell
above the salt beds. Metallic ores in the region are of low grade and of
limited economic importance., Several nonmetallic minerals of economic impor­
tance are extracted in the region: salt, salt brines, silica, and construc­
tion materials (sand, gravel, gypsum,. etc. ). with the, exception of salt
brines, it is not expected that current or future recovery of these minerals
would affect waste-repository' siting.

f

B.5.2 Hydrology
l'

The Salina region is subdivided into three Hydrologic Regions (HR):
southeastern Great Lakes basin; HR II, Susquehanna River headwaters; and
III, northeastern Ohio River basin.
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Hydrologic Region I covers the drainage area of Lake Huron, Lake Erie, and
Lake Ontario. The terrain is characterized by flat land, lakes, marshes, and
peat ,'ogs, reflecting the poor development of regional drainage systems.
Streams are relatively short and follow the lows of the once-glaciated ter­
rain. The terrain is therefore more conducive to infiltration than to direct,
rapid surface runoff. Water available for withdrawal and use in HR I comes
primarily from precipitation within the area. Annual precipitation ranges
from 28 to 37 inches: approximately one-third, nearly 12 inches, becomes run­
off. Water is generally nonsaline throughout HR I.

Major floods and most damaging floods are usually the result of rain and
snowmelt on frozen or nearly saturated ground. Intense summer storms have
created destructive floods, but these are ordinarily confined to local areas.
Dams are used for flood control and for water-resource management. The
largest single use of water in the' region is for cooling steam-electricity
generating plants. Manufacturing facilities and domestic consumption are also
major water users.

Although water-bearing formations underlie all of HR I, the depth to the
water table varies with the season, local geologic characteristics, and ter­
rain. With the exception of the lower Michigan Peninsula, productive aquifers
(yielding to a well at least '50 gpm of water containing not more than 2000 ppm
of dissolved solids) are located only along some of the main watercourse
alluvial valleys. Because of the abundance of surface-water supplies in HR I,
groundwater usage has not been extensively developed and constitutes generally
less than 10% of the total water use.

Hydrologic Region II is located in the headwaters area of the Susquehanna
River, which flows southeasterly from south-central New York through Pennsyl­
vania and Maryland. The two major tributaries of the Susquehanna River that
flow through HR II are the West Branch of the Susquehanna River and the
Chemung River. Hydrologic Region II is characterized by deeply eroded, steep­
sided, flat-bottomed valleys and flat to gently rolling plateaus varying in
relief from several hundred feet in New York to nearly 2000 feet in Pennsyl­
vania. This type of landscape tends to shorten the time for precipitation to
run off into streams and consequently promotes the possibility of flooding.
precipitation averaging nearly 38 inches annually in HR II is the major source
of water supply~ The mean annual runoff varies from about 15 to 25 inches,
about half of this occurring during the 3-month period from March through
May. Some tributaries of the West Branch of the Susquehanna River are heavily
influenced by <'acid mine drainage., Nevertheless, the dissolved-solids concen­
tration of most streams in HR II seldom exceeds 800 ppm. Generally, floods
occur' each year inHR II: major flooding can occur in all seasons. Flooding
is, however, more frequent in early spring, usually in March. Major floods
have been caused by heavy rainfall on top of heavy snowfall and by heavy rain­
fallon previously saturated ground. Occasionally, local flooding is caused

-by ice jams or from thunderstorms during the summer months. As in HR I, major
water uses are for steam-electricity generation, manufacturing, and domestic
consumption.

The abundant water in the Susquehanna River basin is looked to by communi­
ties outside the area as a supply source for the future. Currently signifi­
cant quantities of water are piped to Chester, Pennsylvania, and Baltimore,
Mha~Yl~ndl· dRural wa1tder SUtP~lY needs will at~so binclr~asetraPkidlYdi~t~e tf~ture. ,t:::,;;;,.
T lS lnc u es rura omes lC use, consump lon y lves oc , an lrrlga lone ..
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The increases are not as dri:unatic';as' 1n the urban ar~as, but, they are never­
theless substantial and must b~: planned for, particularly' where they compete
directly with urban needs.

Groundwater in HR II occurs in apprec{able quantities' in rock strata and
is generally of good quality, except near coal mines below Tioga County, Penn­
sylvania. Deep aquifers in the region may be saline or brackish. Highly
permeable glacial deposits along most of .the- valleys are" sIgnificant sources
of groundwater. These aquifers are very productive and readily recharged.
Since most urban communities are situated on water-bearing glacial deposits in
the valleys, groundwater has' not been widely utilized. Although water-use
data are not available for HR II, data for the entire Susquehanna River basin,
which includes HR II,' indicate that 17% of the total water consumption is
supplied by groundwater. Total groundwater use is eXpected to increase as
water demands grow in the region.

Hydrologic Region III lies in the northeastern'section of the Ohio River
basin. Major stre~ms in this region are the Allegheny River, Monongahela
River, Muskingum River, Beaver Ri~er, and the main stem of the Ohio River.
Hydrologic Region III is located in the Appalachian Plat~aus physiographic
province, which' is characterized by a rugged terrain resulting ,from the
differing resistance of therqtktoweathering and runoff. Extensive forest
cover, poor--quality soils, narrow valleys, steep s.tr~am gradients, and flash
floods 'during the dry seasons are character istic of this area'. Vegetation is
generally sufficient to retardrunoffoandminiJl\ize erosion. Precipitation
averages about 45 inches annually~ runoff ranges from about 11 to 25 inches
annually. Many minor tributary'streams throughout· the 'area normally cease
floWing during the dry season,'with drought periodS adding to'their number.
Often during late summer and ,~arlyfall, stream fiow'from precipitation is
negligible, the only flow being from groundwater-seepage. Waters of the
region are nonsaline, although some tributaries have high concentrations of
dissolved ·oolids. In order 'of gross' consumption, major water-usage categories
are steam-electr ieity generati6nimanufacturing, and domestic' uSe.

,Valley-fill sediments, consisting both of glacia,l . outwash and recent
alluvium, are the most important source of groundwater in HR III. Highest
yields occur generally in the va;t:leysof the Ohio River and its nort.h-'-side
tributaries. Most bedrock 'systeJl\s~in the·area arerela:tiV~lypoorwater
bearers, although productive ·aqu.t-feJ:"s do o.ccur in. Some :i.lri1ited rock strata
that underlie portiops ofHR'rti .;:·,High' ir~n~concentrat~oris~re'often found in
these waters.Ground~aterjiupplies:have:be~n' :deveiop~d.fin the valley-fill­
sediment aquifers "primar ilyfof.use:, at:' ~he.pOint q:f riee<;'{;~;' :~ecause' of the
large areas covered ~y theseaquifers;'l'ii9st' of 'the stored ,water' has been
untouchedby"currerit developmen't:. ' ,

B.5.3 'Climate

The' 1>~ilina:' region is.locat'e,d.pr'imat:l.lywithin rthe: Gi.eat,.Iri~~tior,cl!matic
zone. ,Dif.ferences'in,cliina:-1:e a~eo:q6ritto;11ed,prirn~rilYc-bylcititqde; . general
air 'mass ahdstorrn movementsj,:eieva.,t:l'o~~:':-and:':dtsta'h~ce; tosouices 'of 'moisture •
Modificati6nsto the.climatic patterns are':introduced by',the'Great Lakes and
by the lifting effects of the Appalachian MountaJns. The climate is generally
characterized as cool in the 'northern section and warm temperate and rainy in



the southern section. Wind and precipitation patterns indicate a very low
erosion potential in the region.

Fundamental changes in the climate of the region have occurred over the
last million years (the-Pleistocene Epoch). In this period there have been
four ice ages, during which glaciers covered much of the Salina region.

The most recent ice age (Wisconsin Glacial) ended about 10,000 years ago,
although continuous ice sheets still exist in the polar regions. The current
epoch (Holocene) is considered to be interglacial; however, there are indica­
tions that a long-te~m global cooling trend is under way at present.

In the Salina region, severe-weather conditions are rather typical of
those occurring in most areas of the contiguous United States. The maximum
24-hour rainfall with a 100-year recurrence interval ranges from 4 to 6
inches. The frequency of tornadoes is noticeably greater in southern Michigan
and eastern Ohio than in other sections of the region. However, the frequency
is significantly lower than that in the Central United States. Most of the
Salina Region experiences 100-year maximum winds of less than 90 mph, which is
typical for most of the continental United States.

Restrictive dispersion conditions are relatively frequent in the extreme
southern section of the Salina Region compared with the rest of the region and
with the contiguous United States. Sections of the Salina Region experience
less than 25 to nearly 40 episode-days in 5 years.

Air-quality statutes and regulations restrict development in areas that
are not attaining the national ambient air-quality standards (unless certain
offset criteria are satisfied) or where emissions would result in violations
of the standards or would exceed increments established by the Clean Air Act
Amendments of 1977. Data indicate that the national ambient air-quality
secondary standards for partiCUlates are being exceeded around all major
cities and in eastern Ohio, southwestern Pennsylvania, and northern West
Virginia.

B.5.4 Background Radiation

Background radiation is ubiquitous, resulting from cosmic, terrestrial,
and fallout sources. Limited data available for the Salina region reveal no
anomalous areas. Dose rates range from 68.8 mrem/yr at Charlevoix, Michigan,
to 116.7 mrem/yr at Wheeling, West Virginia.

B.S.S Demographic, Socioeconomic, and Land-Use Systems

Many areas within the Salina region are highly urbanized. The heaviest
concentrations of urban areas (over 50,000 inhabitants) in the region occur in
Ohio, southern Michigan, and western Pennsylvania. The largest urban areas in
or near the region include Detroit (nearly 4 million inhabitants), Cleveland
and Pittsburgh (nearly 2 million inhabitants each), and Buffalo (over 1
million inhabitants).
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Total earnings for the Salina region in 1970 amounted to 66 billion
dollarsJ by the year 2000 earnings will be about 181 billion dollars. Manu­
facturing accounted for approximately 41% of the total earnings in 1970.
Although agriculture and forestry are the dominant land uses, they produce,
together with fisheries, about 1% of the total earnings of the region. Mining
and other extractive industries likewise account for about 1% of the regional
earnings. Retail and wholesale trade, government, institutions, and other
services account for approximately 56% of earnings. This percentage is
expected to increase, and the percentage for manufacturing is expected to
decrease, in the coming decades.

Sensitive or conflicting commitments of land areas larger than 10,000
acres consist of the Allegany Indian Reservation, 10 parks, 8 forests, 3 wild­
life refuge, 8 recreation projects, 14 airports, 2 military reservations, and
4 military operations areas. The area committed to these activities totals
less than 6% of the Salina region. The bulk of the remaining land is agricul­
tural and open land, with some areas preempted for urban and residential
development and for transportation networks.

The Salina region is traversed by a well-developed network of highways,
rail lines, and waterways used for commercial transportation.

B.5.6 Terrestrial Ecosystems

The broad mosaic of land-use patterns in the Salina region has a signifi­
cant influence on the distribution and abundance of terrestrial resources.
Major land-use patterns in the region are forestland (44%), cropland (31%),
pastureland (6%), and other rural land (6%).

Four ecoregion categories occur in the Salina region: Northern Hardwoods,
Beech-Maple Forest, Appalachian Oak Forest, and Mixed Me sophytic Forest.
Important natural vegetation includes commercially valuable timber, wetlands,
natural areas, and proposed endangered plant species. Commercial forestland
in the region is about 90% hardwoods and 10% softwoods. Forestland is about
equally divided among sawtimber, poletimber, and seedling/sapling stands.
Approximately 2% of the region is classified as wetlands with some importance
to waterfowl. Some 28 representative wetland areas and 5 National Wildlife
Refuges (predominantly in wetland areas) are located in the region. (Only
three wildlife refuges are reported in Sedtion B.5.5 as sensitive or
conflicting commitments of land because of the size criterion--lO,OOO acres or
more.) The Society of American Foresters has identified 10 natural areas in
the region. Five plant species that are proposed for the Federal list of
endangered species occur in the region.

Regional wildlife includes some 65 species of mammals, at least 400
species of birds, and 73 species of amphibians and reptiles. Forestland,
shrubland, and openland species are well represented. Important wildlife
includes game species, furbearers, and endangered species. At least 31 game
birds and 23 game mammals are found in the region, and hunting and trapping
are important. The white-tailed deer is the most important big~game animalJ
rabbits and tree squirrels are important small-game mammals. Nonmigratory
game birds include the ring-necked pheasant, bobwhite, and ruffed grouseJ
migratory game birds include waterfowl and the mourning dove. Species on the
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the Federal list of endange~ed species are the Indiana myotis, Kirtland's
warbler, peregrine falcon, and bald eagle.

"Farmine;:, is important in the Salina region. Major crops are corn, hay,
winter wheat, and oats. Cattle, swine, and sheep are important livestock.

B.5.7 Aquatic Ecosystems

The Great Lakes provide the most extensive oommercial fishery within the
Salina region. Although shifts have occurred i~ the abundance of various
species because of fishing pressures, introduction of predators, and pollu­
tion, commercial harvesting offish remains a significant industry in the
Great Lakes. The Ohio River drainage presents a more limited fishery
resource., The commercial fish harvest in this drainage may be considered
negligible, as are the present~day collections of mussels ,and clams. The
Great Lakes and the'Finger Lakes in upstate New York support a diverse-sport
fishery.' Appalachian, streams offer trout fishing; in many lower stretches of
tributaries and in~he main-stem tivers of the Salina region a warm-water
fishery exists. Many~streams and lakes are augmented with stocked species to
enhance sport fishing~ Only two fish species and one invertebrate on the
Federal list of endangered species occur in the region.

B.6 PARADOX REX;ION*

B.6.l GeoloW

The Paradox region (Figure B-3) is located in southeastern Utah and south­
westerIiColorado~ The entire region encompasses roughly 10,000 square miles;'
about 60% of this land area is in Utah. The Paradox region is a tectonic unit'.
(Paradox Fold and Fault 'Belt) of the Colorado Plateau and is also a feature of
Thornbury's (1965) rugged Canyon Lands section of the Colorado Plateau. As
such,- it has a diverse and varied physiography and exhibits the landforms
associated with tectonic and igneous activities as well as with extensive wind
and water erosion. Most of the region is above 5000 feet in elevation, often
with high relief ~nd rugged terrain. The area contains some of the most
spectacular scenery in'the United States.

The rocks of the Paradox region consist of at least 15,000 feet of clastic
and evapor itic sediments resting nonconformably on a basement complex of
granitics and metasediments. The age of the basement rocks is Precambrian,
while the sedimentary strata range in age from Cambrian to Cretaceous. Dis­
conformities and hiatuses abound, some of very long duration. Ordovician
and Silurian rocks, for example, are completely absent, and no marine
deposition has occurred since the close of the Mesozoic Era. The only
Tertiary rocks of significance are intrusive volcanics. The Quaternary is
represented only by fluvial deposits, a substantial amount of wind-blown
sediments, -and minor -amounts of gravel and till.

*Data from Regional Characterization Report for the Paradox Bedded Salt ...
Region and Surrounding Terr itory (Bechtel, 1978a).
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The Colorado Plateau Province, of which the Paradox region is a part, is
a mildly deformed platform surrounded by the more highly deformed Rocky
Mountains. The principal.tectonic elements of the Plateau include uplifts,
monoclinal flexures, domes of igneous intrusion, platforms, slopes, saddles,
and fold-and-fault belts. In addition, the region displays numerous igneous
plugs, diatremes, caldron sinks, dikes, and multitudinous systems of joints
and small faults.

The Paradox region is one of low seismic activity. Fifty-four earthquakes
with a maximum intensity equal to or greater than V on the modified Mercalli
scale of 1931 are known to have occurred in or within 100 miles of the Paradox
region from 1853 to 1976.

The tectonic history of the region was eventful. Evidence indicates that
the region was under water for a long period of time before the start of the
Cambrian period. During the Paleozoic Era much activity occurred, with
periods of uplift and,erosion alternating with periods of inundation and sedi­
mentation. The formation of the Paradox basin salt occurred during the latter
part of this era. By comparison, the Mesozoic Era was relatively quiescent.
No major mountain-building activity occurred in the region during the Triassic
and Jurassic periods, but the shallow seas moved in and out to deposit occa­
sional layers of marine sediments. The powerful uplifts that raised the
Colorado Plateau province to its present elevation began in the last half of
the Cretaceous. During the early Cenozoic Era the mountain building continued
until the Rocky Mountains were formed. Volcanism was also widespread and fre- .'
quent during the Cenozoic Era, when most of the prominent surface features of
the region were formed.

The Paradox region and surrounding territory have supplied important
energy resources for nearly three decades. Petroleum, natural gas, and
uranium from this area have made substantial contributions to the nation's
energy needs and have played an important role in the local economy. Energy
and mineral production is still increasing. A few metals and industrial
minerals are also present in the region, but they have been produced on a
small scale compared to exploitation of the energy reserves.

B.6.2 Hydrology

Surface water is a valuable resource in the semiarid Paradox region. The
principal rivers in the and surrounding territory of the Upper Colorado Water
Resource Region (UCWRR) are the Colorado and the Green, and their major tribu­
taries are the Price, San Rafael, Dolores, and San Juan Rivers. No large
natural freshwater lakes or wetlands occur in the region. Precipitation is
light and varies with ground elevation. Maximum stream flow occurs in late
spring~ it is due to snowmelt runoff from mountainous areas. Localized
flooding can occur, especially when periods of snowmelt coincide with intense
thunderstorms. Areas most prone to flooding are along the floodplains of
rivers or streams. Most serious damage occurs in broad floodplains where
agricultural or urban developments exist. Flood control is accomplished by
watershed management and land-treatment programs in the UCWRR. Flood-control
reservoirs are normally multipurpose and may provide power generation, irriga~

tion, and recreational benefits. Surface-water quality is generally good, ..,
although high dissolved-solids concentrations pose a problem in some waterways

B-22



of the UCWRR. water availability is limited, and demand, especially for
good-quality irrigation water, is growing.

~ Groundwater occurs in the Paradox region under both water-table and arte-
sian conditions, and the quality of this water ranges from fresh to near­
saturated brines (in excess of 350,000 mg/l of total dissolved solids). Water­
table conditions commonly exist in the shallow alluvial aquifers, in recharge
areas, and near the surface in relatively flat-lying rocks that are found over
large portions of the region. Most of the groundwater underlying the region
has dissolved-solids concentrations in excess of 3000 mg/l and is unsuitable
for most uses. Usable fresh water is present only in near-surface aquifers and
is seldom found at depths greater than 200 feet. The only source of fresh
water is precipitation falling on the region~ principal areas of recharge are
the highlands of the region and other areas where aquifers crop out.

B.6.3 Climate

The Paradox region is largely a cool, semiarid, mid-latitude steppe with
isolated areas classified as mid-latitude deserts or humid continental re­
gimes. The region is very dry, with an average annual precipitation of
approximately 8.3 inches. The dry conditions provide the region with a
relatively high potential for wind erosion.

Fundamental changes in the climate of the region have occurred during the
last million years, apparently resulting from changes in global temperature.
Four major glaciations occurred during the Pleistocene EPoch, but the region
is located more than 500 kilometers southwest of the southernmost limit of the
ice cover and was not glaciated.

The region is relatively free from severe-weather hazards and can expect a
maximum 100-year rainfall of only 3 inches in a 24-hour period. It is also in
an area of low tornado activity~ this part of Utah reported no tornadoes from
1955 to 1967. Similarly, high windS are not frequent~ a maximum wind speed of
about 85 mph has a 100-year mean recurrence interval. However, local channel­
ing effects might alter the maximum speed at.specific sites.

Inversions are relatively common in the paradox region in comparison with
the United States as a whole: the region has experienced about 180 episode­
days in 5 years. These conditions are related to the terrain of the region,
which is a complex system of valleys surrounded by high terrain. This type of
terrain allows the formation of frequent temperature inversions that could
pose a major problem for the dispersion of emissions from a waste repository.
In addition, poor dispersion conditions occur during the frequent stagnation
of large-scale high~pressure systems.

with regard to existing air quality·' (Prevention of Significant Deteriora­
tion), all national parks and wilderness· areas within the Paradox region are
classified as Class :t areas.· The remainder· of the region is a Class II area.
The law generally allows no or minimal industrial development in Class I areas
and moderate development in Class II areas.
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B.6.4 Background Radiation

Virtually no data specific to the Paradox region are available. In
general, the mountain states are higher than the national average in both
natural terrestrial and cosmic background radiation, although the regional
variations appear to be of minor significance.

B.6.5 Demographic, Socioeconomic, and Land-Use Systems

The Paradox region is a rural area with many small towns of less than 1000
people scattered along highways. Farmington, New Mexico, and Grand Junction,
COlorado, are the only two cities in the areas adjacent to the region with
more than 20,000 inhabitants. There are no cities this large within the
region. The total popUlation of the region was approximately 240,000 in
1970. Most of the counties in the region showed a 10 to 20% increase in popu­
lation between 1970 and 1975.

The economy of the region is dependent on the continued long-term develop­
ment of extractive industries and the processing of petroleum, coal, molybde­
num, vanadium, natural gas, and other mineral and energy resources. Growth in
these and related support industries will, to a large extent, determine the
rate of economic growth for the region, primarily because of their export
value.

Agriculture is also important in the region, although productivity is
limited by local climatic factors. The low annual rainfall, combined with
areas of marginal soil productivity, limits agricultural activities to live­
stock grazing and local hay and grain production. Livestock is the only major
agricUltural product exported from the region. Other industries are of lesser
importance.

. Land uses of interest include Federal and state recreational and natural
areas (which occupy 29% of the land area within the region), urban areas (less
than 1%), and Indian lands (16%). The bulk of the remaining land is open
range, with small areas preempted for transportation networks.

B.6.6 Terrestrial Ecosystems

The Paradox region contains vast areas of relatively undisturbed natural .
habitat. Fifteen natural vegetation systems occur in the region; these range
from pine or fir forests to scrublands, steppes, and barrenlands. Six ecolo­
gical reserves have been established or proposed for the region; these
"natural areas" would insure the preservation of a typical or unusual vegeta­
tion type in as near an undisturbed condition as possible. A great variety of
wildlife inhabits the region, including many furbearing species, numerous
big- and small-game species, and several threatened or endangered species.

Major range types within the region include grasslands, three types of
desert shrubs, and pinyon-juniper woodlands. This range is well utilized, and
the market value of livestock is normally 50 to 60% of the value of all agri- ~

cultural products in the region. Lands having good soil on moderate slopes ~
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are generally dry-farmed or irrigated. A variety of crops are grown~ these
typically account for 40 to 50% of the market value of all agricultural prod­

()ucts. Although extensive forested areas occur in the region, forest products
..,contribute less than 1% of the total value of all agricultural crops.

B.6.7 Aquatic Ecosystems

Most aquatic habitats in the Paradox region are cold-water trout streams,
generally above 5000 feet in elevation. The native game fish, mainly cut­
throat trout and whitefish, have been largely replaced by introduced game
species, principally rainbow trout. Very little warm-water-stream habitat is
found in the region~ the warm-water habitats that do exist frequently contain
both cold- and warm-water fish species. Although a considerable number of
sport fish are taken annually, the fishery resource is relatively poor because
of the high sediment load of many streams. Four threatened or endangered fish
species have been identified in the region~ all are found in the Colorado
River or its tributaries.

B.7 GULF INTERIOR SALT-DOME ROOION*

B.7.1 Geology

The Gulf interior region of Alabama, Mississippi, Louisiana, and Texas
lies within the Gulf Coastal Plain physiographic province (Figure B-4). It
includes parts of 11 major physiographic subdivisions.

The basement of the Gulf interior region consists of structurally deformed
incipient or weakly metamorphic late Paleozoic and older rocks and crystalline
materials of unknown age. These rocks are overlain by a great thickness of
Mesozoic and Cenozoic that regionally thickens in successive wedges toward the
Gulf. The top of the Paleozoic basement occurs at depths of about 13,000 feet
at the northern boundary of the region and reaches almost 30,000 feet in depth
at the southern limit. Local structure modifies this general trend.

The region lies within a large structural downwarp known as, the Missis~

sippi Embayment, which extends north into southern Illinois, east into
Alabama, south to the vicinity of Baton Rouge, Louisiana, and as far west as
eastern Texas. A variety of smaller structural elements modifies this general
framework and defines the immediate structural parameters of the storage rock
unit. These features include bas;ns and domes or uplifts, flexures and
faults, and salt domes.

The region is one of low seismicity. Within 100 miles of the Gulf
inter ior region there we'r'e -only 20 earthquakes between 1886 and 1974 whose
maximum intensities were equal to or greater than V on the modified Mercalli
scale of 1931.

~ *Data from Regional Environmental Characterization Report for the Gulf
"'Interior Region arid Surrounding Territory (Bechtel, 1978b).
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Figure 8-4. The Gulf interior salt-dome region.



The early tectonic history of the Gulf Coastal area before Jurassic time
is conjectural because of lack of ,data. Currently, there are two trends of
thougn~ concerning the origin of the Gulf. One theory ho~ds that the Gulf in
some form existed since late Precambrian: the more popular theory holds that
the Gulf was initiated by plate tectonics (sea-floor spreading) during early
Mesozoic. By early Jurassic time, marine water had entered the area from the
west, and a major evaporite-deposition cycle was initiated. At this time the
area was probably landlocked. By the late Cretaceous, the area was open to
the sea, and the salt deposition had ceased. Various episodes of uplift prior
to the Recent (Holocene) Epoch have resulted in the deposition of up to as
much as 30,000 feet of material.

Oil and natural gas are the chief mineral industries of the area and have
been for the past 50 years. However; other industries, based on processing
such materials as ceramic and nonceramic clays, iron ore, and salt, are also
well developed in relation to available markets.

B.7.2 Hydrology

The surface-water resources of the Gulf interior region can best be sum­
marized by briefly reviewing the surface-water characteristics of each of four
Water Resource Regions (WRRs): the Arkansas-White-Red, Texas Gulf, Lower Mis­
sissippi, and 'South Atlantic Gulf Regions. The various surface-water parame­
tersdescribed for each WRR--including precipitation, runoff, flood history,
and surface-water ~quality, availability, and_demand--may vary significantly
between and within WRRs.

The Arkansas-White-Red Region (AWRR), which consists of 265,000 square
miles in Oklahoma, Louisiana, Arkansas, Texas, Missouri; Kansas, New Mexico,
and Colorado, intersects only a small' midwestern portion of the Gulf interior
region. precipitation and runoff decrease greatly from the humid eastern
areas to the semiarid western areas of the AWRR. The AWRR averages 3200 to
113,000 cfs of runoff, with the maximum, stream flow generally occurring from
April to June. Major rivers include the Arkansas, White, Red, and Canadian.
Eastern lowlands of the AWRR are subject to severe rainstorms and recurrent
flash flooding: flood;ing in the western and central portions results from
intense' and infrequent rainstorms of' short duration. " Flood-control problems
have been reduced, partiCUlarly in eastern"areas" by the construction of
numerous reservoirs 'along major rivers. Surface-waterqiJality in'several
major waterways of the AWRR is poor' because of ,widespread natural and
man-induced pollution," including natural mineralization, mine discharges,
erosion, and municipaL and industrial e'ffluEmts.', The availability of many
AWRR surface waters for agricultural, municipal, industrial, and recreational
uses is severely limited by' th'elow quantities and, qualities of surface waters
in some parts of the AWRR. lri':general, most water supplies are derived from
groundwater sourcesih the western and centralAWRR.

The Texas Gulf Region (TGR)~ which consists 'Of l73~000 square miles in
Texas, Louisiana, and New, Mexico, intersects roughly one-third of the western
Gulf interior region. Precipitation and runoff decrease dramatically from the
Texas Gulf Coast northwest to the central and western areas of the TGR.
Average runoff is 30 million acre-ft/yr and is principally from the eastern
one-fourth of the TGR. Major rivers in the TGR include the Sabine, Neches,
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Trinity, and Brazos. Flooding in the TGR typically results from tropical
storms originating in 'the Gulf of Mexic01 the largest floods have occurred in
late summer and early fall from hurricanes. Total-dissolveq~solidsconcentra­
tions in the TGR vary from less than 100 to over 2500 mg/l, with the upper
reaches of the Brazos River having the poorest water quality observed.
Approximately half the TGR~s water needs are met from surface-water sources,
and surface-water use is expected to triple by the'year 2020 •. Aithough the
regional supply of surface water is expected to meet that demand, the unequal
geographic distribution of surface-water supply and demand may pose problems.

The Lower Mississippi Region (LMR) consists of about 102,700 square miles
in Louisiana, Mississippi, Arkansas, Missouri, Tennessee, and KentuckY1 it
intersects the central quarter of the Gulf interior region. Average annual
precipitation varies from 64 inches along the Gulf Coast to 44 inches in
southern Missouri. Runoff is rather uniform throughout the LMR, decreasing
from 26 to 14 inches per year from coastal to central areas, respectively.
Roughly 116,380 cfs of annual discharge is generated within the LMR. Major
rivers include the Mississippi, St. Francis, White, Arkansas, and Yazoo.
Flooding generally results during late winter or spring from heavy rains and
rapid snowmelt throughout the Ohio and Mississippi River valleys or in late
summer or early fall from tropical storms and hurricanes along the Gulf
Coast. Areas subject to flooding are floodplains and adjacent areas of the
Mississippi River, its'major tributaries, and coastal areas. By 1970, LMR
flood-control storage totaled 6,028,000 acre-feet, and over 3780 miles of
levees and f10odwal1s were in place. Surface-water quality throughout the LMR
is variable and dependent on location1 in general, however, most streams have
good natural qua1ity~ Varying degrees of man-induced pollution require selec­
tive use and some pretreatment of surface waters in some areas of the LMR.
The LMR is one of the most water-rich WRRs in the United States, with 85
million acre-feet of runoff generated within the LMR and a total of 485
million acre-feet discharged annually from its waterways into the Gulf of
Mexico. Large increases in surface-water demand are projected by the year
2020, and no shortages are expected.

The South Atlantic-Gulf Region (SAGR), consists of 276,000 square miles in
South Carolina, Florida, Virginia, North Carolina, Georgia, Alabama,
Louisiana,·, and Mississippi1 it encompasses roughly the eastern third of the
Gulf interior region. precipitation is generally plentiful and uniformly dis­
tributed throughout the SAGR. Average runoff is 305,000 cfs. Seasonal highs
in runoff occur from November to April and from June to October, resulting
from broad cyclonic disturbances and tropical hurricanes, respectively. Major
rivers in the SAGR include the Alabama, Tombigbee, Apalachicola, Santee, and
A1tamaha. Widespread, disastrous flooding is uncommon, although an estimated
(in 1968) additional 3.3 million acres of land require flood protection by
1980. Seasonal flood potential is highest from December to April and from
August to October. Areas most prone to flooding include the floodplains of
major rivers and coastal areas. Numerous watershed and flood-control projects
have been constructed throughout the SAGR for flood protection. Natural
surface-water quality is generally excellent, with dissolved-solids concen­
trations averaging less than 100 mg/1. In some coastal Plain streams, high
turbidity and· high sediment loads are not uncommon. In some loCalized areas,
municipal, industrial, and agricultural sources of pollution have caused
restricted use of surface waters and an increased reliance on upstream reser-
voir storage and groundwater for municipal water supplies. Because of abun- 'Ii
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Good-quality groundwater is present throughout the Gulf interior region,

dant surface-water and groundwater supplies within the SAGR, no current or
projected water shortages are expected.

~
and it is used extensively for domestic, municipal, and industrial purposes.
Several aquifers or hydrologic units are recognized in the post~Cretaceous

coastal plain sediments. They comprise a thick sequence of interbedded sands,
clays, and marls in which the more permeable materials provide aquiferscon­
fined between the less permeable clays and marls. Important water-bearing
units or aquifers in the region include the Wilcox-CarrizQ units, the Sparta
(Kosciusko) Formation, Miocene sands, and Pleistocene to Recent alluvial
valley deposits. The water-bear·ing formations receive recharge in their out­
crop areas from precipitation and stream flow, although under present condi­
tions the aquifers are full, and most of the water available for recharge is
rejected, moving laterally and disQharging to low stream valleys.

B.?3 Climate

The Gulf interior .region lies within a humid temperate zon~ ~with moder­
ately high winter temperatures and moderate amounts of rainfall throughout the
year. These conditions indicate a relatively low potential for wind erosion.

Although this area has experienced significant temperature decreases
(9-28.80 F) in the recent geologic past, indications of glaciation within
that period are absent. In fact, the previous glacial boundary appears to be
more than 435 miles north of this region.

Severe~weather occurrences in the Gulf interior region generally take the
form of high winds and precipitation associated with hurricanes that intrude
inland from the Gulf of Mexico.- The IOO-year-recurrence events for these two
meteorological phenomena are 11 inches.of precipitation within a 24-hour
period and winds of 90 mph. Another severe-weather phenomenon experienced in
this region is the occasional tornado (ranging from 6 in a 12-year period on
the Louisiana-Mississippi border to 43 or more in portions of northeast Texas
during the same period).

Generally moderate mixing, levels together with moderate wine} speeds and
rolling terrain make the. Gulf interior. region unlikely to experience inver­
sions. Stations within and near' this·.region have repprted 13 to. 28 episode­
days of poor dispersion within a 5-yea~ per i()d.

, ..
The region, like most 'of the:count;ry, ,experi¢l)ces periodswhEmthe

national ambient air-qu~Hty'.standarQ8..(r;.JAAQS) . (Qt' pa~ticulatesa)::e exceeded.
Trends in air qualitY",iis<evalua~egby·theEnvironinEmt.al· Protecti~n'Agency
(EPA), indicate a very.gradualimp;royernen.tin.this· ¢oridition ,in t.heGuif
interior reg ion ,primarilyasa resul£'o1Limprbvedpol,lu tion:::,control
technology. Ther~- are a1.·so"ariumbero~ ar?~s·.~i.thinthisregio.~ that have
been designated by thE!' 'J:!:J:lA ~s areas·o.f:conceinforthE!· control <;>f'photo­
chemical oxidants.' In mo~t· cases ,',thesf{areas',' consisting of large metropoli­
tan sites and their immediate surroundings, are presently exceedingNAAQS for
this pollutant.
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With regard to the Prevention of Significant Deterioration, the region
lies within a Class II area, which allows for moderate industrial develop­
ment. The nearest (presently defined) Class I areas are more than 100 miles
away.

B.7.4 Background Radiation

Data for approximately 38 locations in the Gulf interior region and sur­
rounding territory indicate that the region is about average in natural ter­
restrial and cosmic background radiation. The highest reported background
radiation values are in Texas, but regional variations appear to be
insignif icant.

B.7.5 Demographic, Socioeconomic, and Land-Use Systems

In eastern Texas, the Gulf interior region is a rural area with many small
towns. The major cities within the area are Tyler and Longview, but large
urban areas such as Dallas, Fort Worth, Waco, and Austin are adjacent to the
region. Approximately 75% of the population is white1 the remaining is black
(except for the 0.7% that is Indian, Chinese, Japanese, or other). The total
population of the area was 766,154 in 1970, and most of the counties showed a
population-growth rate of more than 7% between 1970 and 1975. Per capita
income for the region was $3119.

The Gulf interior region in Louisiana encompasses 298 parishes in the
northern part of the State and includes the cities of Shreveport, Monroe, and
Alexandria. The total population of this area was 1,062,685 in 1970. Popula­
tion growth was slower in Louisiana than in Texas, and many parishes had a net
decline of up to 10% between 1970 and 1975. Annual per capita income in 1974
for the region was $2788.

There are 35 counties in the Gulf interior region in Mississippi. The
largest cities in the region are Jackson, Meridian, Hattiesburg, and
Vicksburg. The total population for the area was 778,158 in 1970 and
increased to 1,064,217 (estimated) in 1975. Six counties experienced a
decline in population between 1970 and 1975, and counties other than those
having the major cities mentioned above had a slower growth rate than the rest
of the nation and the slowest for all states in the Gulf interior region.
Nearly 66% of the 1970 population was white, 34% was black, and less than 1%
was of other origin. Per capita income grew by 50 to 70% between 1969 and
1974, and the regional average annual per-capita income was $2826 in 1974.

The economy of the eastern Texas region is largely resource oriented.
Extractive industries such as mining, petroleum, and natural gas extraction,
manufacturing based on regional resources, and agriculture comprise the core
of the export economic base. In rural counties in eastern Texas, tourism is
an important element in the local economy. Mining and manufacturing activi­
ties account for 33% of the total employment. Eastern Texas is a producer of
agricultural crops and livestock1 some counties produce considerable amounts
of livestock and poultry for export to other states.
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Much of the region in Louisiana is rural and is used for agricultural
crops, grazing, or forests. More than 64% of the total employment is located
in the Shreveport, Monroe, or Alexandria urban areas. The State is one of the

~ largest producers of natural gas and petroleum. Manufacturing is located near
the larger urban areas, and industries based on lumber and wood products, food
products, primary metal products, fabricated metal products and appliances,
textiles and apparel, and chemicals all have notable employment. In 1970 the
agricultural production of crops was centered in the lowland region along the
Mississippi River~ livestock production was concentrated in upland areas.
Total agricultural income in 1974 was $445 million, up 114% from 1969, with
approximately 70% attributed to crops and hay.

Manufacturing accounts for 31% of the total employment in the Mississippi
portion of the Gulf interior region and represents the largest single employ­
ment sector. Extractive industries (natural gas and petroleum, sand and
gravel, and other minerals) employ less than 20% of the labor force. Agricul­
ture is also a significant contributor to the local economy. Lowland counties
of the Mississippi River basin are intensively CUltivated for field and row
crops~ upland counties are extensively used for livestock grazing.

The majority of the popUlation in the eastern Texas Gulf interior region
lies in the Tyler and Longview urban areas. As much as 10% of the area is in
urban uses, and the average population density throughout the area is 0.02
person per acre. Vast expanses of woodlands and agricultural land charac­
terize the area. Eastern Texas has three national forests totaling 507,012
acres: Angelina, Davy Crockett, and Sabine. Recreational uses of lakes and
reservoirs and parks in the area are rapidly growing, and second-home develop­
ment around some lakes (i.e., the Cedar Creek Reservoir) has occurred recently.
The Federal Government maintains and is acquiring jurisdiction over sizable
land areas to meet growing demands for various recreational uses. Airports
are common throughout eastern Texas~ restricted or prohibited airspaces with
various altitude·and aircraft-operation limitations are also present. Highway
and rail systems are extensive throughout the area. One Indian reservation
exists in Polk County, Texas.

In Louisiana most urban land in residential, commercial, and industrial
uses is around the cities of Shreveport, Monroe, and Alexandria. Outside
these urban areas, small towns are numerous, but rural areas are, for the most
part, devoted to agriculture or forests. Upland parishes in northwestern
Louisiana have less field and. row crops and more livestock-grazing land than
do lowland parishes along .the Mississippi River. The Kisatchie National
Forest is distributed in several parcels throughout Louisiana~ the total
acreage of all parcels is 50'0,302 acres,.or 6.1% of the land in the area.
State fish and wildlife management areas and state forests provide abundant
recreational uses. Airports of varying size .are found throughout the area~

restricted and prohibited airspaces with varying limitations are also
present. Rail and highway systems are well developed in all of Louisiana.
One Indian reservation is .located in the area.

The largest cities in the Gulf interior region in Mississippi are Jackson
(166,572), Meridian (46,256), Hattiesburg (38,097), and Vicksburg (29,726).
Like Louisiana, the area is largely rural, with agricultural lands predomi­
nating. Five national forests in the area cover 1.7 million acres, or 15% of
the area. Many types of uses are provided, including recreation as well as
timber harvesting. Airports of various sizes are found throughout the area,
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as are restricted airspaces. Rail and highway systems are well developed~

One Indian reservation is located in Leake County, outside the Gulf "interior
region.

B. 7.6 Terrestrial ECosystems

In the Gulf, interior region and surrounding territory in Texas there are
nine potentiaL vegetation types, ranging from mixed hardwood-softwood forests
to open prairies and savannahs. No ecological reserves have been established
in the basin, but a number of locally administered natural areas: do insure
preservation of habitats in as near an undisturbed condition as possible.
Important animal species' include approximately 9 furbearers, several game
animals, and 20 protected, threatened, or endangered species.'

Major range ,types In the Tex~as Gulf interior region include grasslands,
shrublands and chaparral, and piriyon";;'juniper woodlands. The rangeland has a
relatively high productivity compared to the typical western range, and live­
stock and livestock products accounted for the highest portion of allagricul~

turaip~oductssOld in the Texas Gulf interior region in 1974 (47%). This was
followed, by poultry and- poultrypt()ducts (36%), crops-and hay (12%), nursery
and greenhouse products (3%); and forest products on farms (1%). Harvested
hay ,sorghum, 'al1d' c:.otton wete the crops cover ing th~ greatest land area in "
1974. Commercial forests in counties withiri the east Texas'PineyWoods 'region
cover abou't 63% of the region. Forest types with the most coverage are
loblolly-shortleaf pine, dak-pine, and oak-hickory.

Only four potential vegetation types occur within the Gulf interior region
of Louisiana--prairieand three kinds of mixed hardwood-and-softwood,forests.
However, the_variation within these vegetation types, due to man's activities
as well as the natural soil and climatic variations, contributes to diverse
wildlife habitats. In addition to one ecological reserve, the Bayou Boeuf
Natural Area, there are several State, private, and Federal wildlife areas.
Important animal species include approximately 13 furbearers, 11 game mammals,
and 6 threa-tened or endangered species.

Livest,oc~grazingClCcurson cultivated pasture as well as in forested
lands. Live~tockand livestock products represented ol1ly 18% of the va:l,:ue of
agricultural products sold in 1974. Principal livestock types produced in the
area in 1974 were beef ,and dairy cattle. Livestock productivity varies
throughout the area, ,as does the productivity of agricultural crops and timber
resources, the most -productive livestock parishes being DeSoto, Caddo,
Richl.and,' Nat¢hitoches~andRapides.- AgricUltural crop production was largest
in Morehouse, Ea-stCa:'rrol, Madison, and Avoyelles -parishes: crops ana hay
represented-70% pfall agricultural products sold in theL6uisiana Gulf',
interior'" region: ih 1974. 'Co,tton, was the crop with tne iargest harvested area,
followed by soybeans, -rice,- corn, sorghum,wheat,- and sugarcane • There, are'
three maj6i forest "types in Louisiana: sQuthernpine, upland hardwood
(oak-hickory), and bottomland hardwood. Commercial southern pine forests are
mostly longleaf and slash pines in the southern half of the State and snort­
leaf and loblolly pines in the north. Bottomland hardwoods include such
species as 'oak,. gum,cyPress, elm, ash, 'arid cottonwood. The production of
timber resources was highest in Ouachita, Caldwell, Winn, Natchitoches,
Sabine, and Caddo Parishes.
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In Mississippi, as in LOuisiana, there are only four potential natural
vegetation types, but one, the blackbelt,is limited to the Gulf interior
region of Mississippi and Alabama. Six ecological natural areas have been

I. ') established in the Gulf interior reg, ion of Mississippi for the preservation of
,., vegetation types and wildlife habitat. Important animal species include

approximately 11 furbearers, 11 game animals, and 13 species on the Federal
list of threatened and endangered species.

In the Mississippi Gulf interior region, poultry and poultry products
accounted for the highest portion of all agricultural products sold in 1974
(45%), followed by crops and hay (30%), and livestock and livestock products
(22%). Rangeland and wooded pasture are extensively distributed throughout
the area. Soybeans, hay, and cotton were the crops with the'largest harvested
area in 1974. Commercial forests are extensive, covering-about 62% of the
land area in Mississippi. Commercial forests with the largest ,areas are
oak-hickory, loblolly-shortleaf pin~, oak-pine, and oak-gum-cypress.

B.7.7 Aquatic Ecosystems

The Gulf interior region is noted for its extensive and valuable recrea­
tional and commercial warm-water stream and lake fisheries. Stream and lake
habitats in the region can be divided into bottomland and upland habitat
types. Bottomland habitats are generally in the larger, deeper, slow-moving,
and turbid streams and rivers that meander through the interior region. Up­
land habitats are generally in the smaller, faster-moving creeks and streams
that are the tributaries of the major waterways within the region. Six endan­
gered fish species have been identified in the Gulf interior region~ all six
species are found in the State of Mississippi.

B.8 THE HANFORD SITE*

The Hanford Site is a 600-square-mile tract in the southeastern part of
Washington State. It is semiarid, and the closest population center is
Richland, 5 kilometers to the south.

B.8.1 Geology

The Hanford Site is in the Columbia Plateau, physiographic prov,ince, which
is characterized by the occurrence of a thick sequence of tholeiitic basalts
and varies significantly in topographic expression as well as structure
(Figure B-5). The Columbia basin 'section ,is a broad geologic and structural
basin in the inter ior of the province~'the Hanford Si,te is located in the
Pasco basin, which is one of several subbasins.

*Source: Private communication from K. R. Fecht, Rockwell Hanford
Operations, December 1978.
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Figure B-5. Location of the Columbia Plateau basalts.
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The Columbia basin contains the Channeled Scablands formed at the close of
Pleistocene glaciation by multiple catastrophic floods. The floods occurred
as ice-dammed lakes released torrents of water and ice when the ice dams were
breached.

Regional subsidence continued and was accompanied by regional north-south
compression, which has resulted in folding of the basalt sequence and in the
formation of a number of roughly east-west-trending anticlinal ridges in the
central part of the Columbia Plateau. At the Hanford Site, this ridge system
is represented by the Rattlesnake Mountains, the Yakima Ridge, and the .
Umtanum-Gable Mountain Ridge.

The regional geology is dominated by Cenozoic rocks and structures.
During the Cenozoic Era, numerous basalt magma outpourings from extensive
fissure systems flowed across the Columbia Plateau and into regional areas of
subsidence, such as the pasco basin, where thick sections of basalt accumu­
lated. The thickness of the basalt sequence is an average of 1800 feet in the
Columbia Plateau and is more than 10,000 feet in the Pasco basin. The fre­
quency and size of the eruptions decreased and then ceased during the late
Tertiary period (about 6 million years before the present).



Within and on top of the basalt sequence are sedimentary deposits. The
interbeds between basalt flows consist of tuffs, tuffaceous sediments, and, in
some locations, stream-carried sediments. Interbeds are more prevalent in the
upper part of the basalt sequence.

The top of the basalt sequence is covered with fluvial, glaciofluvial, and
eolian deposits. In the Pasco basin, the basalt is covered by up to 1000 feet
of fluvial sediments (the Ringold Formation) overlain with up to 300 feet of
glaciofluvial sediments (informally named the Hanford Formation). Eolian de­
posits overlie the Ringold Formation in the western part of the Hanford Site.
The basement rocks below the basalt sequence are of uncertain composition but
are probably sandstones and shale. Granitic rocks are probably below that.

Mineral resources are sand and gravel, basalt, and possibly natural gas.
Natural gas has not been detected in the recent drilling of deep boreholes.

The Columbia basin is a region of low seismicity in which moderate earth­
quakes have occurred. Microseismic activity at the Hanford Site indicates low
levels of stress relief, generally shallow focal depths, and no obvious rela­
tionship to any geologic structure. The maximum known earthquake intensity in
the vicinity of the site was less than IV on the modified Mercalli scale.

Faults in the region are associated with folds in the basalt and appear to
reflect local adjustments to folding. They are relatively short in length
(less than 30 miles), with generally small displacements (less than 500 feet).

B.8.2 Hydrology

The Pasco basin is a series of confined aquifers overlain by an unconfined
aquifer. The area is bounded by ridges to the north, south, and west and by a
broad regional monocline to the east.

The confined aquifers are primarily the permeable interbeds and interflow
zones in the basalt sequence. The interflow zones are characterized by vesic­
ular rock or by interconnected fracturing caused by rapid cooling of the basalt
magma. There is very little hydraulic interconnection between aquifers since
the central volume of the basalt flows is dense and has a very low permeabil­
ity. Fractures in the basalt have been filled with secondary mineralization
products such as montronite. The confined aquifers are recharged by precipi­
tation, stream runoff, and infiltration from the overlying unconfined aquifer
or distant recharge points. Discharge of the upper aquifer is to the Columbia
River.

The unconfined aquifer occurs above the basalt sequence up to about the
top of the Ringold Formation.' The groundwater movement is distorted by local
geologic structures and has been modified by waste-disposal activities at the
Hanford Site.

Between the top of the unconfined aqui~er and the land surface is the
vadose zone. This unsaturated' zone is up to about 300 feet thick and is
extremely dry below about 30 feet. In this desiccated zone, there is nearly
no downward movement of water.
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B.8.3 Climate

The climate -of the Columbia basin region is dominated by the Cascade
Mountain Range to the west and by the prevalent direction of storm fronts from
the Pacific Ocean. Summers are relatively hot and dry, most of the average 6
inches of precipitation falls during the winter, and there are occasional
periods of high winds. Prevailing winds are from the northwest.

Tornadoes are infrequent. It has been estimated that the probability of a
specific surface structure's being hit by a tornado is only 6 in one million.

Thunderstorm activity is low. The estimated annual lightning strike fre­
quency is 0.022 for a typical Hanford building.

B.8.4 Demography

There are an estimated 250,000 people within 50 miles of the Hanford
Site. The estimated mean growth rate to the year 2000 is 0.7%.

B.8.S Historic and Archaeological Sites

There are five locations listed as historic sites or as natural land­
marks within 50 miles of the Hanford Site. None are on the site. There are
over 200 Indian archaeological sites in the Hanford area, and many of them are
along the Columbia River where it passes through the Hanford Site.

B.8.6 ECology

The ecological aspects of the Hanford Site are consistent with the semi­
arid climate. The principal plant community is the sagebrush-cheatgrass­
bluegrass association: mammals include the coyote, the rabbit, mule deer, and
small rodents: birds include the chukar partridge, western meadowlark, migra­
tory ducks and geese, and several species of predatory birds. There are
several thousand insect species and about 15 species of snakes and lizards.
The aquatic ecosystem consists of the Columbia River and a few ponds and
ditches.

Rare, threatened, and endangered species inhabiting the Hanford ":,.ce in­
clude three plant species and seven bird species. The status of some of the
latter has not been determined.
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Appendix C

PRESIDENT CARTER'S MESSAGE TO CONGRESS
ON THE MANAGEloiENT OF RADIOACTIVE WASTE

AND

THE FINDINGS AND ROCOMMENDATIONS OF THE INTERAGENCY
REVIEW GROUP ON NUCLEAR WASTE MANAGEMENT

Two documents have been especially important in establishing a national
policy for the management of radioactive 'waste: President Carter's message to
Congress on February 12, 1980, arid the 1979 report of thefnteragencY Review
Group. This appendix contains the entire message and excerpts from the report.

C.1 PRESIDENT'S MESSAGE

On February 12,' 1980, President Carter established a comprehensive program
for the management of radioactive waste. His message to, the Congress of the
United States stated the objectives' of that program andopUined the steps to
be taken in carrying it out. The message specifically mentioned the WIPP
project and the site near Carlsbad, New Mexico. The remainder of this section
is a complete text of President Carter's message.

PRES IDENT CARTER'S MESSAGE TO CONGRESS

(February 12, 1980)

TO THE CONGRESS OF THE UNITED STATES:

Today I am establishing this Nation's first comprehensive radioactive waste management
program. My paramount objective in !Danaging nuclear wastes is to protect the health and
safety of all Americans, both now and in the future. I share this responsibility with elect­
ed officials at all levels of our government. Our citizens have a deep concern that the
beneficial uses of nuclear technology; including the generation of electricity, not be al­
lowed to imperil public health or safety now or int~e future.

For more than 30 years, radioactive wastes, ,have been generated by programs for national
defense, by the commercial nuclear power pr09raril,;,and"by:;ava.riety of medical" industrial,
and research activities,. Yet" past governmeritaI:efforts, ,to manag-e. radioa'ctive 'wastes have not
been technically adequate•. MoreOver, they have. 'failed' toinv,chve successfully the states,
local governments, and the publiC!Il pOUcyoiptogram decisions,. My actions today lay the
foundation for both a techriically suPerior:prOgrainaricJ.,a-ful1; cooperative Federal-State part­
nership to ensure public confidence inawastem~Ul~g.emen1:progrcun.,·'

My program is consistent with the broad consensus th~t :has ev6lved from the efforts of
the Interagency Review Group on Radioactivewast~,Manage~ent'(IRG) which I,established. The
IRG findings and analysis were comprehensive, th9rough, ~nd ~idely. reviewed by public, indus-
~y -and-c:itizengroups, State and li:>c~i'governments, and;in~mbers'of the congress.,'Evalua­

Hons of the scientific and technical analyses'werl;l,obtaihec1through a. bioad and rigorous
peer review by the scientific community~ The final recommendations benefited from and re­
flect this input.
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My objective is to establish a comprehensive program for the management of all types of
radioactive wastes. My policies and programs establish mechanisms to ensure that elected
officials and the public fully participate in waste decisions, and direct Federal departments
and agencies to implement a waste management strategy which is safe, technically sound, con­
servative, and open to continuous pUblic review. This approach will help ensure that we will
reach our objective--the safe storage and disposal of all forms of nuclear waste.

\
Our primary objective is to isolate existing and future radioactive waste from military

and civilian activities from the biosphere and pose no significant threat to public health
and safety. The responsibility for resolving military and civilian waste management problems
shall not be deferred to future generations. The technical program must meet all relevant
radiological protection criteria as well as all other applicable regulatory requirements.
This effort must proceed regardless of future developments within the nuclear industry--its
future size, and resolution of specific fuel cycle, and reactor design issues. The specific
steps outlined below are each aimed at accomplishing this overall objective.

First, my Administration is committed to providing an effective role for State and local
governments in the development and implementation of our nuclear waste management program. I
am therefore taking the following actions:

• By Executive Order, I am establishing a State Planning Council which will strengthen
our intergovernmental relationships and help fulfill our joint responsibility to
protect public health and safety in radioactive waste matters. I have asked Governor
Riley of South Carolina to serve as Chairman of the Council. The Council will have a
total of 19 members: 15 who are Governors or other elected Officials, and 4 from the
Executive departments and agencies. It will advise the Executive Branch and work
with the Congress to address radioactive waste management issues, such as planning
and siting, construction, and operation of facilities. I will submit legislation
during this session to make the Council permanent.

• In the past, States have not played an adequate part in the waste management planning
process--for example, in the evaluation and location of potential waste disposal
sites. The States need better access to information and expanded opportunity to
guide waste management planning. Our relationship with the States will be based on
the principle of consultation and concurrence in the siting of high level waste re­
positories. Under the framework of consultation and concurrence, a host State will

. have a continuing role in Federal decisionmaking on the siting, design, and construc­
tion of a high level waste repository. State consultation and concurrence, however,
will lead to an acceptable solution to our waste disposal problem only if all the
States participate as partners in the program I am putting forth. The safe disposal
of radioactive waste, defense and commercial, is a national, not just a Federal,
responsibility.

• I am directing the Secretary of Energy to provide financial and technical assistance
to states and other jurisdictions to facilitate the full participation of State and
local government in review and licensing proceedings.

Second, for disposal of high level radioactive waste, I am adopting an interim planning
strategy focused on the use of mined geologic repositories capable of accepting both waste
from reprocessing and unreprocessed commercial spent fuel. An interim strategy is needed
since final decisions on many steps which need to be taken should be preceded by a full envi­
ronmental review under the ,National Environmental Policy Act. In its search for suitable
sites for high level waste repositories, the Department of Energy has mounted an expanded and
diversified pr09ram of geologic investigations that recognizes the importance of the interac­
tion among geologic setting, repository host rock, waste form, and other engineered barriers
on a site-specific basis. Immediate attention will focus on research and development, and on
locating and characterizing a number of potential repository sites in a variety of different
geologic environments with diverse rock types. When four to five sites have been evaluated
and found potentially· suitable, one or more will be selected for further development as a
licensed full-scale repository.

i

It is important to stress the following two points: First, because the suitability of a
geologic disposal site can be verified only through detailed and time-consuming site specific 'Ii
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evaluations, actual sites and their geologic environments must be carefully examined. Sec­
ond, the development of a repository will proceed in a careful step-by-step manner. Experi­
ence and information gained at each phase will be reviewed and evaluated to determine if
there is sufficient knowledge to proceed with the next stage of development. We should be
ready to select the site for the first ,~ul1~sca1e repository by about 1985 and have it opera­
tional by the mid-1990's. For reasons'of eConomy, the first and subsequent repositories
should accept both defense and commercial wastes. '

Consistent with my decision to expand and diversify the Department of Energy's program of
geologic investigation before selecting a specific site for repository development, I have
decided that the Waste Isolation Pilot Plant project should be cancelled. This project is
currently authorized for the unlicensed disposal of transuranic waste from our National de­
fense program, and for research and development using high level defense waste. This project
is inconsistent with my policy that all repositories for highly radioactive waste be li­
censed, and that they accept both defense and commercial wastes.

The site near Carlsbad, New Mexico, which was being considered for this project, will
continue to be evaluated along with other sites in other parts of the country. If qualified,
it will be reserved as one of several candidate sites for possible use as a licensed reposi­
tory for defense and commercial high level wastes. My fiscal year 1981 budget contains funds
in the commercial nuclear waste program for protection and continued investigation 'of the
Carlsbad site. Finally, it is important that we take the time to compare the New Mexico site
with other sites now under evaluation for the first waste repository.

Over the next five years, the Department of Energy will carry out an aggressive program
of scientific and technical investigations to support waste solidification, packaging, and
repository design and construction iric1udingsevera1 experimental, retrievable emplacements
in test facilities. This supporting research and development program will call upon the
knowledge and experience of the Nation's very best people in science, engineering, and other
fields of learning, and will include participation of universities, industry, and the govern­
ment departments, agencies, and national laboratories.

Third, during the interim period before a disposal facility is available, waste must and
will continue to be cared for safely. Management of defense waste is a Federal responsibi1­
ity~ the Department of Energy will ensure close and meticulous control over defense waste
facilities which are vital to our national security. I am committed to maintaining safe
interim storage of these wastes as long as necessary and to making adequate funding available
for that purpose. We will also proceed ;with research and development at the various defense
sites that will lead the processing, packaging, and ultimate transfer to a permanent reposi­
tory of the high level and transuranic wastes from defense programs.

In contrast, storage of commercial spent fuel is primarily a responsibility of the utili­
ties. I want to stress that interim spent fuel storage capacity is not an alternative to
permanent disposal. However, adequate storage is necessary until repositories are avail­
able. I urge the utility industry to cont~nue to take all actions necessary to store spent
fuel in a manner that will protect the~pub1ic and ensure efficient and safe operation of
power reactors. However, a limited amount of government storage capacity would provide flex­
ibility to our national waste disposal program and an alternative for those utilities which
are unable to expand their storage capabilities.

I reiterate the need for early enactment of.my proposed spent nuclear fuel legislation.
This proposal would authorize the Department of Energy to: (1) design, acquire or construct,
and operate one or 'more away-from-reactor storage facilities., and (2) accept for storage,
until permanent disposal facilities are avai1ab1ej domestic spent fuel, and a limited amount
of foreign spent fuel incases when such action would further our non-proliferation policy
objectives. All costs of storage, including. the cost of locating, constructing, and operat­
ing permanent geologic repositories, will be recovered through fees paid by utilities and
other users of the services' and will ultimately be borne by those who benefit from the activ­
ities generating the wastes.

Fourth, I have directed the Department of Energy to work jointly with states, other gov­
ernment agencies, industry and other'organizations, and the public, in developing national
plans to establish regional disposal sites for commercial low level waste. We must work
together to resolve the serious near-term problem of low level waste disposal. While this
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task is not inherently difficult ,from the standpoint of safety, it requi~es_better planning
and coordination. I endorse the actions being taken by the Nation's governors to tackle this
problem and direct the Secretary of Energy ,to work with them in support of ~hei~ effort.

Fiftti,: the Federal programs for regulating radioactive wastecstorage, transportation, and"
disposal are a crucial,componen!: of our efforts to ensure, the health.and:satety of Ameri­
cans. _Although the'extsting authorities and structures are basically sound, improveme~ts

must be made in several areas. The current authority of the Nuclear Regulatory Comm~ssionto

license ,the disposal of high levei waste and low H~vel waste in commercial facilities should
be exterided to include spent fuel storage, and disposal of transuranic waste and non~defense

low level waste in any new government 'facilities. lam-directing the EnvironmentiliProtec­
tion ACjent:y to consult with the Nuclear Regulatory Commission to resolve- issues of- overlap­
ping jurisdiction ahd phasing. of regulatory actions.:They shou;Ldalso seek ways to speed up
the promulgation of.their safety regulations. I am also, directing the Department of Trans"­
portation and the Environmental Protection Agency to improve both, the efficiency of th~ir

regulatory activities and their relationships with other Federal agencies and state and local
governments.

Sixth; it is esseritial that' all: aspects of the waste management pro~ram be conducted with
the fullest possible disclosure to ,and participation by_the public and_the technical commun­
i.ty. lam directing the department13 and.agemcies, to de'1'el,op and improve mechanisms to ensure
such participation and public invqlvement consistent with the need to protect nationalsecur­
i.ty information. The waste management'program will be carried out in full compliance with
the National Environmental POli'cy Act. '

Seventh, because nuclear waste ,management is a.problem shared by many other countries and
dec isions on waste management·· al tetnativeshave nuclear 'proliferation implic<;ltions, ,I w.ill
continue to encourage imd suppoi::tbilateral arid muitilateral efforts which advance both our ­
technical capabilities and our understanding of spent fuel and waste management options,
which are consistent with our non~proliferation policy.

In its role as lead agency for the management and disposal of radioactive wastes and with
cooperation of the other relevant Federal agencies, the Department of Energy,is preparirig a
detailed National Plan for Nuclear Waste Management to implement these .,policy guidelines and
other recommendations of the IRG. TpisPlan will provide ,a clear road map for ,all parties
and will give the public an opportunity to review the entirety of our program. It wi],!
include specific program goals and milestones for all aspects of nuclear waste management. A
draft of ,the comprehEmsive National Plan will be distributed by the Secretary of Energy later
this year for publiq and,congressional review. The State Planning Council will be directly
involved in the development ofthis.plan.

The Nuclear, ~egulatory Commissi~n now has underway an important proceeding_ to p~ovide the
Nation with its judgmentbnwhethE!r or not it has confidence that radioactive wastes produced
by nuclear: ,power :reactors can and :w:ill be disposed of safely. I urge that the Nuclear Regu­
latory,Commission do so-in a;thorough arid timely manner and'that it provide a full opportun-,
ity [or public, technical, and government agency participation.

Over the past two years as I ,have reviewed various aspects of the radioactive waste prob­
leln, the complexities and difficulties of the issues have become evident--bothfrom a tech­
nical and, mor~;";;importantly, from an institutional andpoli tical perspective.. However, based
on the technical conclusions reached by the IRG, I am persuaded that the capability now ex":' ,
ists to characterize, and -;evaluate a number of geologic enviroru,nents_ for use as repOsitories
built I.,.i th conventional mining technology. We havealteady made substantial progress and
changes in our programs. With this comprehensive policy and its implementation through the
FY 1981 budget and other actions, we will compiete the task. of reorienting our efforts in the
right direction. Many citizens know and all must understand that this problem will be with
us for many years. We must proceed steadily and with determination to resolve the remaining
technical issues while ensuring full public participation and maintaining' the full coOpera­
tion of all levels of government. We will act surely and without delay, but we will not
compromise 911r technical or scientific standards out of haste. I look forward to-working
with the Co~gress and ,the states to, implement this'policy and build public confidenCe in the
ability of fhe government to do what is required in this area, to protect, the health and safe-
ty of our citizens. '

, ,
JIMMY CARTER

.-.. " "r"',",

'rHE WH:J;'l'E HOUSE
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C.2 FINDINGS AND RECOMMENDATIONS OF THE INTERAGENCY
REVIEW GROUP ON NUCLFAR WASTE MANAGEMENT

An important document in the";'d~ve1opment of the natibna1 waste-management
program has been the report of the Interagency Review Group on Nuclear Waste
Management (IRG, 1979). After a brief review of the purpose of this Group and
its major technical findings, this section presents quotations taken from two
parts of the Group's report: the sections dealing with the disposal of trans­
uranic (TRU) waste and with the disposal of high-level waste (HLW). Although
high-level waste would not be disposed of at the WIPP, the quotations dealing
with high-level waste are included here as reference material supporting the
discussion of alternatives in Chapters 3 and 4.

The Interagency Review Group was formed in order, to guide the national
waste-management program. President Carter called for a review of the waste­
management program in his April 1977 National Energy Plan. In response to
this request, the DOE established an internal task force and published a draft
report in March 1978. The President then created the formal Interagency Re­
view Group on Nuclear Waste Management and instructed it to make policy and
program recommendations to him, using the draft report of the DOE task force
as one input. This group, chaired by the DOE, comprised representatives of 14
agencies. It developed a draft report to the President that was published for
public comment in October 1978 (IRG, 1978). After the review of public com­
ment, the Interagency Review Group published a revised report (IRG, 1979).

The Interagency Review Group consulted extensively with the scientific
and technical community, including independent geologic and environmental
experts. The Group's summary of the major technical findings of this activity
(IRG, 1979, p. 42) is quoted in full below.

Present scientific and technological knowledge is adequate to identify potential repository
sites for further investigation. No scientific or technical reason is known that would pre­
vent identifying a site that is suitable for a repository provided that .the system's view is
utilized rigorously to evaluate the suitability of sites and designs, and in minimizing the
influence of future human activities. A suitable site is one at which a repository would
meet predetermined criteria and which would provide a high degree of assurance that radio­
active waste can be successfully isolated from the biosphere for periods of thousands of
years. For periods beyond a few thousand years, our capability to assess the performance of
the repository diminishes and the degree of assurance is therefore reduced. The feasibility
of safely disposing of high-level waste in mined repositories can only be assessed on the
basis of specific investigations at and determinations of suitability of particular sites.
Information obtained at each successive step of site .,selection and repository development
will permit reevaluation of risks, uncertainties, and the ab~l~ty-of the site and repository
to meet regulatory standards. Such reevaluations would lead either to' abandonment of the
site or a decision to proceed to the next step. Reliance on conservative engineering prac­
tices and multiple independent barriers can red4ce some r~sks an~ compensate for some uncer­
tainties. However, even at the time of decommissioning, ,~ome uncertainty about' repository
performance will still exist. Thus, in addition to tec~nical·evaluation, a societal judgment
that considers the level of risk and the, associated uncertainty will be necessary.

IRG Discussion of a Generic Approach to TRU-Waste DisJ??sal
,., .

The Interagency Review Group raised an important issue about TRU waste
~lsPE~~!: should a dedicated TRU-waste repository be built if an opportunity
exists to do so, or should TRU-waste disposal await the availability of high-
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level-waste repositories and take place there?
1979, p. 73) that "the IRG still considers that
TRU repository, if an opportunity is available,
conservative and stepwise approach."

The IRG report states (IRG,
proceeding with a dedicated
is consistent with a

It should be noted, however, that the Interagency Review Group approached
this question generically, as an appropriate interim strategic-planning basis
until the environmental-review provisions of· the National Environmental Policy
Act (NEPA) have been carried out~ The discussion by the Interagency Review
Group (IRG, 1979, pp. 69-70) of strategies for TRU-waste disposal is repro­
duced in full below.

As with choosing a strategy for HLW disposal, the choice of a TRU waste disposal strategy
must await completion of an appropriate environmental impact statement and its adoption
through.the NEPA process. In the meantime, Federal actions regarding the management of TRU
waste must not prejudice the choice of strategies for their disposal. Nevertheless, an in­
terim strategic planning basis will be necessary to guide the TRU-waste management programs
and R&D activities before that choice is made.

In laying out the following technical strategies for TRU waste disposal, the IRG assumed
that all TRU.waste, whether generated by commercial or defense operations, would be disposed
of in the same manner because no technical reason exists to treat them differently. The two
strategies examined by the IRG are:

Strat~. No special action would be taken to pursue TRU waste disposal prior to the
opening of a high-Ievel-waste repository. TRU waste would be disposed of in high-Ievel-waste
repositories whenever they become available.

Strategy 2. If an opportunity can be found, the program would proceed with an early
dedicated TRU repository as soon as a site could be appropriately qualified and NEPA require­
m~mts fulfilled.

Enough TRU waste now exists stored above ground to warrant the opening of a repository
dedicated to TRU. Such a facility could probably hold all the TRU waste to be generated
through the end of this' century. Of course, once a high-Ievel-waste repository were avail­
able, decisions on the location for disposal of then existing TRU wastes could be made on a
case by case basis to maximize convenience and minimize transportation. A second repository
dedicated to TRU waste alone would seem to be unnecessary.

Because of the presence in TRU waste of substantial quantities of transuranic radionu­
elides, issues related to long~term containment (such as the potential for groundwater trans­
port, any possibilities .of repository breachment, 'and concerns about mineral resources or
tectonism) are identical for TRU and HLW repositories. However, the problems associated with
heat generation and increases in temperature are absent and the TRU wastes are not as diffi­
cult to handle as HLW. The operational demands on a disposal system designed for TRU waste
alone would be more modest than those associated with a HLW repository. In addition, be­
cause of the absence of heat-related considerations, the regulatory review of a dedicated TRU
repository would be somewhat simplified compared with that for a HLW repository.

Proceeding with an early, dedicated TRU repository would therefore be consistent with the
previously recommended philosophy of [conservatism] and proceeding stepwise into the most
difficult disposal.problem and would signal the government's determination to proceed in a
timely manner with disposal of nuclear wastes. There would, of course, be some additional
costs associated with the opening of a dedicated TRU facility.

~aving considered these various matters, the IRG recommends adopting, as an interim stra­
tegic planning basis pending NEPA review, the concept of proceeding with an early TRU reposi­
tory if an opportunity exists to do so.
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IRG Discussion of High-Level-Waste Disposal

The Interagency Review Group defined four technical strategies for high­
level-waste disposal (IRG, 1979, pp~ 49-50):

• Strategy I provides that only mined. repositories would be considered and that only
geological environments with salt as the emplacement media would be considered for the
first several repositories. As a result of past focusing on salt, there is a large
volume of information available. In addition, one body of opinion holds that salt is
the best, or at least an acceptable, emplacement medium and that suitable sites can be
found where salt is the host rock.

• Strategy II provides that, for the first few facilities, only mined repositories would
be considered. A choice of site for the first repository would be made from among
whatever types of environments have been adequately characterized at the time of
choice. Because generic understanding of engineering features of a salt repository
are most advanced, the first choice is expected to be made from environments based on
salt geology. Sites from a wider range of geologic environments would be available
for selection somewhat later.

• Strategy III provides that, for the first facility only mined repositories would be
considered. However, three to five geological environments possessing a wide variety
of emplacement media would be examined before a selection was made. Other technolog­
ical options would be contenders as soon as they had been shown to be technologically
sound and economically feasible.

• Strategy IV provides that the choice of technical options and, if appropriate, geolog­
ical environment be made only after information about a number of environments and
other technical options has been obtained.

These strategies were intended to illustrate the range of possible strategic approaches.
They we~e not intended to be a complete list of possible strategies or comprehensive descrip­
tions of a strategic planning basis that might actually be adopted by the waste disposal
program. For the latter purpose, they are admittedly incomplete.

IRG Discussion of Key Elements of Interim Strategic-Planning Basis for High­
Level Waste

As a result of comments on its draft report, the IRG (1979, pp. 61-62)
expanded and clarified its views on the interim strategic-planning basis for
high-level waste, restating them as follows:

• The approach to permanent disposal of nuclear waste should proceed on a stepwise
basis in a technically conservative manner ••••

• Near-term R&D and site characterization programs should be designed so that at the
earliest date feasible, sites selected for location of a repository can be chosen
from among a set with a variety of potential host rock and geohydrological charac­
teristics. To accomplish this, R&D on several potential emplacement media and site
characterization work on a variety of geologic environments should be increased
promptly.

• A number of potential sites in a variety of geologic environments should be identi­
fied and early action should be taken to reserve the option to use them if needed at
an appropriate time. In order to avoid working toward and ultimately having a single
national repository, near-term options should create the option to have at least two
(and possibly three) repositories become operational within this century, ideally and
insofar as technical considerations permit, in different regions of the country. In
pursuing a regional approach to siting, geologic, hydrologic, tectonic and other
technical characteristics of sites must remain the primary basis for selection.
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• Construction and operation of a repository should proceed on a stepwise basis and
initial emplacement of waste in at least the first repository should be planned to

. proceed on a technically conservative basis and permit retrievability of the waste
for some initial period of time. Further definition of the retrievability concept,
the circumstances in which waste would be retrieved and the technical aspects (in­
cluding development of waste packaging, containers and handling) is necessary.

All IRG members agreed with the above elements of the recommended interim
strategic-planning basis for high-level waste. They asserted further (IRG,
1979, p.. ':3) that these elements

• do not prejudge the NEPA process

• require the Federal government to maintain a technically conservative approach

• call for resolution of uncertainties by increasing the technical and program breadth
l

with respect to the near-term repository characterization program

• do not preclude subsequent adoption of longer term technologies inasmuch as they call
for increased R&D to develop selected alternatives

• support a step-wise approach to the development of a HLW repository, while maintaining
storage capacity for managing wastes until emplacement and disposal opportunities are
available

The IRG did not come to a consensus on the basis for selecting the site
for the first high-level-waste repository.
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Appendix D

SELECTION CRITERIA FOR THE WIPP SITE

This appendix briefly describes how the geologic, hydrologic, and other
characteristics of theWIPP site in southeastern New Mexico meet site­
selection criteria and factors. The criteria and factors given here are from
the Geological Characterization Report (Powers et al., 1978, pp. 2-15ff) and
are based on criteria suggested earlier by the Oak Ridge National Laboratory
(ORNL, 1973), the International Atomic Energy Agency (1977), and Brunton and

McClain (1977).

The site-selection criteria described here were originally formulated
under the expectation that the WIPP would be a repository that would contain
spent fuel from nuclear reactors. The heat emitted by spent fuel would have
had important effects on the salt in which it was emplaced; for that reason,
some of the criteria were specifically intended to insure the safety of spent­
fuel emplacement. The WIPP mission no longer includes the disposal of spent
fuel or any other high-level waste. Furthermore, the design of the WIPP no
longer includes _the separate mined cavity for high-level waste called the
n lower repository" or the "'I lower horizon" in the cr iter ia.Accordingly, not
all the criteria presented.here are applicable to the WIPP under its current
mission and design. Because the site was, however, actually selected under
these criteria,noeffort has been made to revise them for this document.

D.l GEOLOGIC CRITERION AND SITE-SELECTION FACTORS

The geology of the site will be such that the repository will not be
breached by natural phenomena while the waste poses a significant hazard to
man. The geology must also permit safe operation of the WIPP repository.

Topography. The terrain must permit access for transportation. The ef­
fect on inducing salt flow during excavation must be considered. Sur face­
water flow and the potential for flooding must be evaluated.

- >, - ':'

- . - -

Depth. Repository horizons _shotiid -be. deepe-rthan 1000 -. feet to insure
erosion and consequences,of s~rficial phenomena are not a major concern.
depth of sui table hor izons wiil not exceed 3000 feet to limit the'rate of
deformation around the excavations. -

that
The
salt

The selected repository bed for heat-producing waste varies between depths
of 2750 and 2250 feet over the potential excavation area. The bed for TRU
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Structure. Relatively flat bedding (less than 3 degrees) is desirable for
operational purposes. Steep anticlines and major faults are to be avoided.

waste ranges from 2200 to 1800 feet deep through the repository region. These
depths are based on interpretations of seismic reflection data. (See Powers
et al., 1978, Sections 3.3, 4.3, and 9.2.)

Lateral extent. The distance to structural or dissolution boundaries must
be adequate to provide for future site integrity. For the Los Medanos area a
distance of 5 miles to the Capitan reef and 1 mile to regional Salado dissolu­
tion has been established.

that will accommodate the heat­
halite from the samples analyzed.
(See Powers et al., 1978, Sections 4.3

From seismic data and drill-hole information, the selected horizons are
believed to extend well beyond the repository site. The separations from the
deformed salt belt parallel to the Capitan reef and from the natural dissolu­
tion fronts are adequate to insure the required site integrity. (See Powers
et al., 1978, Sections 3.3, 4.3, and 6.3.)

Thickness. The total thickness of the salt deposits should be several
hundred feet to buffer thermal and mechanical effects. The desired thickness
for the repository bed is 20 feet or more to mitigate the thermal and mechani­
cal effects at nonhalite units.

The halite unit in which the heat-producing waste will be placed is about
100 feet thick. The total thickness of the evaporite section provides about a
1300-foot buffer above and below the repository horizons. This distance to
the nearest potential aquifers insures that the thermal effects at these aqui­
fers will be insignificant. (See Powers ~t al., 1978, Sections 4.3.2 and 9.2.)

Lithology. Purity of the salt beds is desirable. Brine in the salt could
induce geochemical interactions~ pending further investigations, 3% brine is
established as a desirable upper limit for the heat-producing waste horizon.
Additional geochemical interactions must be considered if significant chemical
or mineral impurities are present.

The horizon within the lower Salado
producing wastes averages more than 97%
Brine content averages less than 0.5%.
and 7.2 through 7.6.)

There are no beds of clay or polyhalite near enough to the lower reposi­
tory horizon to affect repository construction and operation or to affect the
long-term performance of the repository. The significant nonhalite beds adja­
cent to the heat-producing-waste horizons are principally anhydrite, which has
favorable thermal, mechanical, and chemical properties for bounding layers.
The upper (TRU-waste) level of the repository can also be located to avoid
rock-mechanics instabilities due to interbeds of nonhalite rock. (See Powers
et al., 1978, Sections 3.3, 3.4, 4.3, and 4.4.)

Stratigraphy. Continuity of beds, character of interbedding, and nature
of beds overlying and underlying the salt are important considerations in the
construction of the facility~ they are also important in insuring the long­
term integrity of the repository.



Seismic-reflection data and drill-hole information have been interpreted
as showing relatively flat (less than 1 degree) bedding over most of the
3-square-mile repository horizon. Seismic data do show a small anticline at
the northern edge of control zone II. Drilling on this anticline (WIPP-12)
has shown that the elevation difference of the repository beds, from ERDA-9 at
the center of the repository to WIPP-12, is less than 200 feet, an average of
about 2 degrees. Photography, satellite imagery, surface mapping, geophysical
techniques, and drilling have been used to search for indications of signifi­
cant faulting. No post-Permian faults are known to exist in the site area.
Seismic indications of faulting in older, deeper rocks do not extend through
the Permian evaporite section.

The lack of severe structure and recent faulting satisfactorily meets the
desired conditions for this factor. (See Powers et al., 1978, Sections 3.4
and 4.4.)

Erosion. While the depth of the repository reduces concern about erosion,
it is desirable to avoid features that would tend to localize or accelerate
erosion.

The site is located near a broad surface-water divide, and the local base
level is at an elevation of about 2900 feet. Consequently, future erosion
will proceed less rapidly over the site than in the established drainage chan­
nels. The expected erosion rates will not expose the Salado salt within the
required lifetime of the repository. Future climatic changes will not alter
this assessment, and glaciation is not expected to be a concern at this loca­
tion. (See Powers et al., 1978, Sections 3.2.3, 3.6, 4.2, and 6.2.)

Dissolution. Regional and/or local dissolution must not breach the repos­
itory while the wastes represent a significant hazard to people. While there
are various suggestions for the time a repository should remain isolated from
the biosphere, a period of 250,000 years (10 half-lives of plutonium-239) is
commonly used to represent the time over which the wastes are significantly
hazardous.

Studies by the U.S. Geological Survey indicate that the maximum rate of
horizontal progression of the salt-dissolution front in Nash Draw, averaged
over the past 500,000 years, has been 6 to 8 miles per million years and less
than 500 feet vertically per million years. The nearest active solution front
is to the west, in Nash Draw. This is far enough from the site to provide
repository isolation for more than 2 million years•. (See Powerset al., 1978,
Section 6.3.6.)

Subsidence. Subsidence due to dissolution of salt will be avoided when the
subsidence adversely affects the repository beds or unduly accelerates the rate
of dissolution to the jeopardy of the long-term integrity of the repository.

Subsidence has occurred over the western portion 'of the WIPP site area
because of the natural removal of salt from the, Rustier Formation. Hydrologic
data from this region indicate that the major aquifers in the Rustler have
different potential heads, and thus this regional subsidence has not caused
them to be interconnected by permeable fractures. No sinks due to localized
solutioning are present at the site.
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0.2 HYDROLOGlf CRITE~ION AND SITE-S~LECTION F~CTPRS

The hydrology of the site -inu'st provide h-igh c~nfiderice't:hat nai:ural dis­
solution "wJll-not breach ,the site while the waste poses a significant hazard
to man. ,Accidental penetrations -should not ,result' in undue hazards to mankind.

Surface ~ater. Present and future runoff patterns, flooding potential,
etc.; should nqtendanger the penetrations into the repository while these
openings are unplugged. '

Because the site is near a broad surface-water divide, lacks established
drainage, and is well above the Pecos River, simple construction techniques
will prevent flooding of the repository. (See Powers et al. I 1978,
Section 6.2.)

,Aquifer~. For the WIPP, the overlying and underlying aquifers represent a
secondary bi:trr ier if the salt is breached. Consequently ,low permeabtli ty and
transmissivity are desirable but not mandatory.' Accurate knowledge of aquifer
parameters is important to construction,decommissioning, and realistic calcu­
lation of the consequences of failure scenarios.

Aquifers above and below the repository have low transmissivity. Conse­
quently, flooding of the repository during its operation through shafts or
dr ill holes is' not credible. These' access points can readily be plugged to
preventwat.er inflow after decommissioning.

The quantity of water carried by the major aquifers above and below the
WIPP beds is too small to be useful. Furthermore, the water carries too many
salts to be potable or otherwise useful.

The hydrologic parameters of the aquifers do not permit rapid flow of
water. The low permeability would limit the flow even if heads were to' be
modified in future pluvial cycles. (See pow~rs et al., 1978, Section 6.3.)

Hydrologic transport. For the WIPP, this is a secondary factor that must
be evaluated to allow quantitative calculations of the consequences of various
failure scenarios. Slow transport of isotopes is acceptable if more critical
factors have been satisfied.

Calculations based ,on various postulated failure scenarios show that the
transport of radionuclides through the overlying and underlying aquifers would
be so slow that a significant hazard to people would not exist even if the
salt beds were breached. The nearest natural discharge point is near Malaga
Bend on the Pecos River, over 14 miles away. At the maximum measured rate of
water movement~ it would take about 1700 'years after a breach for the first
trace of nonretarded nuclides (i.e., iodine-129) to appear at the Pecos. The
long-lived, transuranic nuclides would be retarded by the sorption of ions and
would not begin to appear at Malaga Bend until 35,000 years after a postulated
breach of the 'salt beds. The concentrations of radionuclides (or possible
radiation doses) ,would never reach signifi~ant hazard levels in the Pecos
River. (See Powers et al., 1978, ~ections 6.3, 9.3, and 10.6.)
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Climatic fluctuations. Pos9ible pluvial cycles must be considered in
estimating the effects of thehy~rologic factors.

The dissolution and erosion rates established as averages over the past
500,000 years include the effects of several past pluvial cycles. It is ex­
pected that future cycles would a!so be shorter than, the isolation time sought
for the rep9sitory. Transport rates under different climates (rainfall) can
be estimated by appropriate bound~ry conditions on the hydrologic model. The
low permeability of the major aquifers ab9ve the site will not be signifi­
cantly altered by the climatic changes expected for this area, and the result­
ant flow in the aquifers will not be grossly altered by changed climatic con­
ditions. (See Powers et al., 1978, Sections 3.6 and 4.5, Chapter 6, and
Section 10.3.)

Man-made penetrations. The effect of drill holes and mining operations
must be included in evaluating the potential effects of dissolution.

The repository and control zone III are free of preexisting boreholes that
extend through the salt, shaft~, and mining activity. Any existing or future
holes in any of the WIPP zones must be adequately plugged when abandoned.

D.3 TECTONIC STABILITY CRITERION AND SITE-SELECTION FACTORS

Natural tectonic processes must not result in a breach of the site while
the wastes represent a significant hazard to people and should not require
extreme precautions during the operational period of the repository.

seismic activity. The frequency and magnitude of seismic activity impact
facility design and safety of operation. Low levels of seismicity are desir­
able, but facility design can accommodate higher levels as well.

The WIPP site is in an area of relatively low seismic activity. The near­
est seismic activity has been 10 or more miles north of the site and of small
magnitude. It is not known' whether the ,. three nearest events were tectonic,
related to salt dissolution, or a result of human activity. No faulting has
been observed in the area of "these seismic events. ~n any case, they and the
potential future events pose no hazard for a properly constructed repository
and are no threat to its' long-term. integrity. (See Powers et al., 1978, Chap-
ter 5 and Section 10.5.) .', I

Faulting and fracturing. While open 'faults, fractures, or joints are not
expected in salt, the more brittle units withihand surrounding the salt may
support such features that can enhance dissolution ahd hydrologic transport.

I

Major faults and pronounqed linear structural trends ishould be avoided.

No major structural trends of recent geologic age are known to exist in
the site area. The nearest recent faulting observed is on the west side of
the Guadalupe Mountains, some 70 miles away. Seismic-reflection data have
indicated small faults in deep, old rocks below the Salado Formation. There
are no known tectonic faults in post-Permian rocks at the site area. Thousands
of miles of drift in the potash mines in the Salado salt have not encountered
any open fractures or faults through which groundwater had penetrated.
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Salt-flow anticlines. Major deformation of salt beds by flow can fracture
brittle rock and create porosity for brine accumulations. Major anticlines
resulting from salt flow should be avoided or evaluated to check on brine
presence and anhydrite fracturing.

The only anticlines 'within the site are relatively minor features. Both
have been dr HIed, however, and the cores show little fracturing or porosity
and no accumulation of fluids. These small anticlines will not hinder reposi­
tory construction or jeopardize its long-term safety. (See Powers et al.,
1978, Section 4.4.)

Diapirism. An extreme result of salt flow, this feature will be avoided
for WIPP. siting.

There are no known or indicated diapirs (salt domes) at the WIPP site.
(See Powers et al., 1978, Section 4.4.)

Regional stability. Areas of pronounced regional uplift or subsidence
should be, avoided since such behavior makes prediction of future dissolution,
erosion, and salt flow more uncertain.

Geologic mapping has failed to reveal any indicators of regional instabil­
ity. Caliche formation and attitude indicate stable conditions in the Site
region over the last half-million years. The lack of scarps and the natural
seismicity are consistent with regional stability. (See Powers et al., 1978,
Sections 3.4, 4.4, and 10.3.2.)

Igneous activity. Areas of active or recent volcanism or igneous intru­
sion should be avoided to minimize these hazards to the repository.

No recent igneous activity is known in the region. Geophysical surveys,
mining, and drill-hole intercepts have shown that an intrusive dike exists 9
miles northwest of the site. Radiometric dating shows it to be 35 million
years old. No other intrus~ve features are known to exist in the region.
(See Powers et al., 1978, Section 3.5.)

Geothermal gradient. Abnormally high geothermal gradients should be
avoided to allow construction in salt at 3000 feet. High gradients may also
be indicative of recent igneous or tectonic activity.

The geothermal gradient as determined in the ABC-8 drill hole shows a
'normal geothermal gradient averaging about O.S8oF per 100 feet. The heat

flow is about one heat-flow unit. (See Powers et al., 1978, Section 4.4.1.)
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0.4 PHYSICOCHEMICAL COMPATIBILITY CRITERION AND SITE-SELECTION FACTORS

The repository medium must not interact with the waste in ways that create
unacceptable operational or long-term hazards.

Fluid content. The repository bed containing high-level waste should not
contain more than 3% brine. The limit for TRU waste has not been established,
but the value used for high-level wa)ste is acceptable.

The average brine content of the lower repository is less than 0.5% by
weight. The average brine content of the upper repository horizon beds is
less than 1% by weight. (See Powers et al., 1978, Sections 7.5 and 10.7.8.)

Thermal properties. To avoid undesirable temperature rises, no major
natural thermal barriers should exist closer than 20 feet of the repository
horizons.

This is of significance to the lower horizon, where the halite unit of
interest is about 100 feet thick. The adjoining beds are anhydrite, which,
even though far enough away, has similar thermal conductivity and does not
represent a thermal barrier in any case. (See Powers et al., 1978, Section
9.2.3.)

Mechanical properties. The medium must safely support excavation of open­
ings even while thermally loaded. Clay seams and zones of unusual structural
weakness should be avoided in the selection of the repository horizon.

The halite bed at the lower level is sufficiently thick and devoid of clay
seams that stability of openings will not be a problem for repository opera­
tion. Clay seams and polyhalite beds are more common in the area selected for
the upper repository level, but construction levels can be located to avoid
significant structural stability problems from such nonhalite beds. (See
Powers et al., 1978, Section 9.2.4.)

Chemical properties and mineralogy. Beds that are of unusual composition
or contain minerals with bound water should not occur within 20 feet of the
waste horizon. This will lessen the uncertainties with regard to thermally
driven geochemical interactions.

The heat-producing waste horizon is quite pure halite, with more than 97%
NaCl. No polyhalite, clay, or other water-bearing minerals occur near this
horizon. The upper horizon beds are more than 92% NaCl, with impurities being
mostly potassium and magnesium salts and clay. These impurities have no known
negative implications for TRU-waste isolation and, in fact, have been shown to
absorb radionuclides from brine. (See Powers et al., 1978, Sections 4.3 and
7.2 through 7.5.)

Radiation effects. While no unacceptably deleterious effects are postu­
lated, these phenomena are best quantified in halite, and thus the purer rock
salt beds are desired for high-level waste.
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· Samples·of WIPP salt show no characteristics that would produce undesir­
able effects under irradiation. The low brine content will limit the amount
and effects of radiolytic disassociation of water. (See Powers et al., 1978,
Chapter 9.)

Permeability. Salt has a very low permeability. It is necessary to eval­
uate the permeability only of the interbeds and the surrounding media. Low
permeability is desirable, but quantitative limits need not be specified for
site selection. Salt permeability to gases may be important in establishing
waste-acceptance criteria.

Laboratory measurements on cores show very low permeability. On a large
scale, measurements at the WIPP horizons have not been made. Experience in
other drillholes (absence of aquifers in salt and presence of small high­
pressure gas pockets) would argue for very low in-situ permeability on larger
scales. (See Powers et al., 1978, Section 9.2.3.)

Nuclide mobility. This is a secondary factor in siting since confinement
by the salt and isolation from water are the basic isolation premises. Ion
sorption must be determined to allow quantification of safety analyses and to
indica'te whether engineered barriers (clay) would be beneficial.

The distributed impurities in the rock salt provide significant ion­
sorption capability for many radionuclides. The clay layers in higher salt
beds will be still more sorptive. These properties will tend to minimize
radionuclide migration due to such local mechanisms as brine migration in
thermal gradients. (See Powers et al., 1978, Section 9.3.)

0.5 ECONOMIC AND SOCIAL COMPATIBILITY CRITERION AND SITE-SELECTION FACTORS

The site must be operable at reasonable economic cost and should not cre­
ate unacceptable impacts on natural resources or the biological and social
environment.

Natural resources. Unavoidable conflict of the repository with actual or
potential resources will be minimized to the extent possible.

This factor is not well satisfied by the WIPP site. Both hydrocarbons and
potash exist in potentially economic quantities within the site. While salt
itself may be considered a valuable mineral, its economic potential at the
site is very low. Since both potash and hydrocarbons may be recovered from
control zone IV, the amounts that may be restricted from development within
zones I, II, and III are the critical amounts. These quantities are not large
in terms of national supply (even the langbeinite product is synthesized in
quantity from brine lakes). These minerals may prove an enticement for future
exploration and exploitation. For this reason, studies are under way to exam­
ine the effects of recovering the potash ore from above control zone III.
Very little potash exists above the repository (zone II) itself. Similarly,
once adequate borehole plugging is demonstrated, drilling in zone III could be
permitted or the same zones developed from zone IV by slant drilling. The
expectation, but one that cannot yet be guaranteed, is that these minerals may
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be recovered in the decades ahead should they be economically attractive.
Certainly the time frame for their development would be within the next cen­
tury, while the site is still under administrative control. The small amounts
of either resource within zone III would not be of significant interest in the
absence of other production in the area. (See Powers et al., 1978, Chapter 8.)

Man-made penetrations. Boreholes or shafts that penetrate through the
salt into underlying aquifers will be avoided within 1 mile of the reposi­
tory. Existing mining activity, unrelated to the repository, should not be
present within 2 miles of the repository. Future, controlled mining will be
allowable up to 1 mile from the repository. Future studies may permit still
closer mining and drilling if properly controlled.

The present site adequately fulfills this present restriction on man-made
penetrations. (See Powers et al., 1978, Section 2.3 and Chapter 4.)

Transportation. Transportation should be capable of ready development.
Avoidance of population centers by transportation routes is not a factor in
the siting of the repository.

The present site meets this requirement and would utilize a spur line of
the Santa Fe Railroad now running to the Duval mine.

Accessibility. The site should be readily accessible for transportation
and utilities.

The site presents no problems for access by road, railroad, or utility
lines.

Land jurisdiction. Siting will be on Federal land to the extent possible.

Of the 18,960 acres to be withdrawn by the DOE if this site is approved,
17,200 are Federal land controlled by the Bureau of Land Management and 1760
acres belong to the State of New Mexico. There are no private lands within
the site.

Population density. proximity to population centers and rural habitats
will be considered in siting. A low population density in the immediate site
area is desirable.

There are 16 permanent residents within 10 miles of the site. There is a
transient population at potash mines. The nearest town is Loving, New Mexico,
with a population of 1600. Carlsbad is 26 miles west and has a population of
28,600. Low population is not necessary tp siting but, all other factors
being equal, is desirable. .

Effects on ecology and cultural resources.
to construction and operation should not.occur.
features of significance should be preserved.

D~9
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No major or unusual impacts on the environment or the ecologic system are
expected from the construction and the operation of the repository. No endan­
gered species of plants or animals are known to occur at the site. No signif­
icant archaeological sites will be destroyed by repository construction.

Sociological impacts. Demographic and economic effects should not result
in unacceptable sociological impacts.

There was no a priori reason to expect any severe or unacceptable socio­
economic impacts attributable to the site location. This assessment has been
substantiated by the socioeconomic studies reported in Section 9.4 of this
document.

REFERENCES

Brunton, G. D., and W. C. McClain, 1977. Geological Criteria for Radioactive
Waste Repositories, Y/OWI/TM-47, Office of waste Isolation, union Carbide
Corporation, Oak Ridge, Tenn.

International Atomic Energy Agency, 1977. Site Selection Factors for Reposi­
tories of Solid High-Level and Alpha-Bearing Waste in Geological Forma­
tions, Technical Report Series No. 177, Vienna, Austria.

Oak Ridge National Laboratory (ORNL), 1973. Site Selection Factors for the
Bedded Salt pilot Plant, ORNL-TM-42l9, Oak Ridge, Tenn.

Powers, D. W., S. J. Lambert, S.-E. Shaffer, L. R. Hill, and W. D. Weart
(eds.), 1978. GeOlogical Characterization Report, Waste Isolation Pilot
Plant (WIPP) Site, Southeastern New Mexico, two volumes, SAND78-l596,
Sandia Laboratories, Albuquerque, N.M.

0-10



Appendix E

DESCRIPTIOI\I~ OJ: WASTE TYPES



CONTENTS

Table E-l Defense Contact-Handled TRU Waste (Drum) ••••••••••.•••.•.• E-2

Table E-2 Defense Contact-Handled TRU Waste (Box) •••••••.••••••••••. E-3

Table E-3 Defense Remotely Handled TRU Waste ••••••••.••.••••..•..••• E-4

Table E-4 Conunercial High-Level Waste ••••••••••••.•..••••.•..•••.•.. E-5

Table E-5 Conunercial Spent PWR Fuel ••.•••••••••••••...••••..•....... E-6

References •••.•.•.•••••.••• ~. ~ ••.•.•••..••....•..~ • • . . • . . • . . . . • . . . . . • • . E-7

REPORT FOR THE WIPP WASTE ACCEPTANCE CRITERIA· STEERING COMMITTEE:
DETAILED CHARACTERIZATION OF DOE STORED TRU WASTE••.•.•••••••••...••. E-8

E-iii



Appendix E

DESCRIPTIONS OF WASTE TYPES

This appendix contains four tables that describe the types of waste to be
emplaced in the WIPP and the containers used for transportation and storage.
Isotope inventories and maximum and average activity levels at the time of
emplacement are included. Curves illustrating the radioactive decay of the
contact-handled and remotely handled transuranic (TRU) wastes to be disposed
of in the WIPP are also presented.

This appendix also includes a detailed report characterizing defense TRU
waste now held in retrievable storage~ it was compiled by James E. Dieckhoner
of the U.S. Department of Energy. The report concludes with a description of
the types of waste stored and the containers used at the Idaho National Engi­
neering Laboratory (Annexes I and 2, respectively).
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Table E-l. Defense Contact-Handled TRU Waste--Drum

Type of container

Liner (if used)

Weight of container

Volume of waste

Surface-dose rate

Surface contamination

Waste properties

DOT-17C 55-gal steel drum

0.09-in.-thick rigid­
polyethylene inner liners

840 Ib (maximum gross)

Approximately 7.3 ft3 (207
liters)

~200 mrem/hr

5% of limit in 49 CFR 173.397

Combustible:
paper, cardboard boxes, wooden
boxes, plastic bags, rubber
scrap, rags, surgical gloves,
clothing, etc.

Noncombustible:
residues from chemical process­
ing, building rubble, metal,
glassware and acids

Rocky Flats Plant
Standard SX-200

Rocky Flats Plant
StandardSX-202

Waste-acceptance
criterion

Waste-acceptance
criterion

Radionuclide

Pu-238
Pu-239
Pu-240
pu-241d
Pu-242
Am-241

Total

Mass presenta
(grams)

2.5-3c
7.5
5.0-1
2.7-2
2.4-3
1.5-3

8

Activityb
Ci/drum

4.2-2
4.6-1
1.1-1
2.8
9.4-6
5.2-3

3.4

Ci/liter

2.0-4
2.2-3
5.3-4
1.3-2
4.5-8
2.5-5

1.6-2

Surface
contamination

(Ci/drum)

7.0-10
7.5-9
1.8-9
1.0-7
1.6-13
8.5-11

1.1-7

Total fissile content
Total Pu

7.5 g
8 g

aAverage condition~ maximum fissile content is 200 grams, based on trans-
portation regulations.

bFor activity of maximum container, multiply by 25 (200/8).
c2.5-3 = 2.5 x 10-3•
dA beta emitter and hence not strictly speaking a'TRU nuclide as defined in

Section 5.1. 2.
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Table E-2. Defense Contact-Handled TRU Waste--Box

Type of container

. Weight of container

Volume of wa~te

Surface-dose rate

Surface contamination

Waste properties

DOT-7A 4 x 4 x 7-ft plywood
box

Maximum 5000 lb~ typical
3000 lb

Approximately 100 ft3 (2800
liters)

~200 mreni/hr

5% of limit in 49 CFR 173.397

Combustible:
same as drums (see Table E-l)

Noncombustible:
same as drums (see Table E-l)

Equipment and materials too
large for 55-gal drums

Rocky Flats Plant
Standard SX-211
(plywood box) and
SX-207 (fiberglass­
reinforced-polyester
coating)

Waste-acceptance
criterion

Waste-acceptance
criterion

Radionuclide
Mass presenta

(grams)
Activityb

Ci/box Ci/liter

Surface
contamination

(Ci/box)

Pu-238
Pu-239
Pu-240
PU-24ld
Pu-242
Am-24l

Total

4.0-3c
1.2+1
8.1-1
4.4-2
3.9-3
2.5-3

13

6.8-2
7.5-1
1.8-1
4.5
1.5-5
8.4-3

5.5

2.4-5
2.7-4
6.5-5
1.6-3
5.4-9
3.0-6

2.0-3

4.5-9
5.0-8
1.2-8
6.5-7
1.0-12
5:5-10

7.0-7

Total fissile content
Total Pu

12.2 9
13g

aAverage condition~ maximum fissile content is 350 grams but not exceeding
5 grams in any cubic foot, based on transportation regulations.

bFor activity of maximum container, multiply by approximately 27 (350/13).
c4.0-3 = 4.0 x 10-3•
dA beta emitter and hence not strictly speaking a TRU nuclide as defined in

Section 5.1.2.
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Type of container

Weight of container

Volume of waste

Table E-3. Defense Remotely Handled TRU Waste

Carbon-steel canister, 10 feet
long

Maximum 7000 lb

Approximately 25 ft3 (708 liters)

Surface-dose rate

Surface contamination

Waste properties

100 rem/hr

5% of limit in 49 CFR 173.397

primarily noncombustible:
concrete, steel, dried process
sludges, etc.

Expected Average Conditionsa

Waste-acceptance
criterion

Waste-acceptance
criterion

Surface
Mass present Activity contamination

Radionuclide (grams) Ci/canister Ci/liter (Ci/canister)

Co-60 1.4-3b 1.6 2.2-3 2.0-8
Sr-90 1.8 2.5+2 3.5-1 3.1-6
Y-90 4.6-4 2.5+2 3.5-1 3.1-6
Rh-l06 1.6-7 2.2 3.1-3 2.7-8
Ru-l06 6.5-4 2.2 3.1-3 2.7-8
Cs-137 1.4-2 1.2 1.8-3 1.5-8
Ba-137m 2.4-9 1.2 1.8-4 1.5-8
Eu-152 1. 7-3 3.1-1 4.4-4 3.9-9
Eu-154 8.6-3 1.2 1.8-3 1.5-8
Pu-238 3.7-3 6.5-2 9.1-5 4.1-8
Pu-239 1.2+1 7.5-1 1.1-3 4.8-7
Pu-240 7.9-1 1.8-1 2.5-4 1.1-7
Pu-24lc 4.1-2 4.6 6.5-3 5.7-9
Am-24l 3.8-3 1.2-2 1.8-5 7.7-9

Total 1.5+1 5.1+2 7.2-1 7.0-6
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E-5

Expected Maximum Conditionsd

Table E-3. Defense Remotely Handled THO waste (continued)

2.1-4

6.4-7
1.0-4
1.0-4
9.2-7
9.2-7
5.2-7
5.2-7
1.3-7
5.2-7
3.9-8
4.6-7
1.1-7
1.9-6
7.4-9

Surface
contamination
(Ci/canister)

Mass present Activity
Radionuclide (grams) Ci/canister Ci/liter

Co-60 9.3-2 9.9+1 1.4-1
Sr-90 5.9+1 7.8+3 1.1+1
Y-90 1.5-2 7.8+3 1.1+1
Rh-106 2.1-8 6.8+1 9.6-2
Ru-106 2.2-2 6.8+1 9.6-2
Cs-137 5.0-1 3.9+1 5.5-2
Ba-137m 7.3-8 3.9+1 5.5-2
Eu-152 1.1-1 2.0+1 2.8-2
Eu-154 3.1-2 7.8+1 1.1-1
Pu-238 4.2-2 6.5-1 9.2-4
Pu-239 1.3+2 7.1 1.0-2
Pu-240 8.7 1.7 2.4-3
Pu-241c 4.6-1 4.3+1 6.1-2
Am-241 2.5-2 7.8-2 1.1-4

Total 2.0+2 1.6+4 2.3+1

aExpected average activity in canisters for use in analyses in which a
large number of canisters are involved.

b1.4-3 = 1.4 x 10-3•
cA beta emitter and hence not strictly speaking a TRU nuclide as defined

in Section 5.1.2.
dMaximum activity in individual canister for calculating shielding require­

ments and the consequences of single-canister accidents.



Table E-4. Postulated Defense High-Level Waste for Experiments

Type of container Steel canister

Weight of container Maximum 1000 lb

Volume of waste 3.8 ft3 (107 liters)

Surface-dose rate >4500 rem/hr

Physical form Glass (or calcine)

Mass present Activity
Radionuclidea (grams) Ci/canister Ci/liter

Co-60 4.5-2b 5.0+1 4.7-1
Se-79 6.0-1 4.1-2 3.8-4
Rb-87 2.4+1 2.0-6 1.9-8
Sr-89 6.0-10 1. 7-5 1.6-7
Sr-90 6.5+1 9.2+3 8.6+1
Y-90 1. 7-2 9.2+3 8.6+1
Y-9l 1.4-8 3.3-4 3.1-6
Zr-93 7.0+1 2.8-1 2.6-3
Zr-95 1.4-7 2.8-3 2.6-5
Nb-95 1.6-7 6.0-3 5.7-5
Nb-95m 9.3-11 3.6-5 3.3-7
Tc-99 4.4+1 7.3-1 7.0-3
Ru-106 1.6-1 5.3+2 5.0
Rh-106 1.5-7 5.3+2 5.0
Pd-107 6.3 3.3-3 3.0-5
Sn-12lm 4.2-2 2.5 2.3-2
Ag-110 2.1-9 8.8 8.2-2
Sn-123 9.6-6 7.9-2 7.4-4
Sn-126 1.4-1 4.0-3 3.8-5
Sb-124 2.9-12 5.1-8 4.8-10
Sb-125 2.0-1 2.2+2 2.0
Sb-126 6.6-9 5.6-4 5.3-6
Sb-126m 5.2-11 4.0-3 3.8-5
Te-125m 2.9-3 5.3+1 5.0-1
Te-127 1.1-8 3.0-2 2.9-4
Te-127m 3.3-6 3.1-2 2.9-4
Cs-134 1.5 1.9+3 1.8+1
Cs-135 1. 7+1 2.1-2 1.9-4
Cs-137 2.2+3 1.9+5 1.8+3
Ba-137m 3.3-4 1.9+5 1.8+3
Ce-142 1.2+2 2.9-6 2.7-8
Ce-144 1.1 3.4+3 3.2+1
Pr-144 4.4-5 3.4+3 3.2+1
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Table E-4. Postulated Defense High-Level Waste for Experiments
(continued)

~
Mass present Activity

Radionuclidea (grams) Ci/canister Ci/liter

Pr-144m 2.2-8 4.1+1 3.8-1
Pm-147 7.2 6.7+3 6.3+1
Sm-147 2.0+1 4.6-7 4.3-7
Sm-151 1.7 4.2+1 3.9-1
Eu-152 2.4-3 7.5-1 7.0-3
Eu-154 9.3-1 2.7+2 2.5
Eu-155 2.4-1 1.1+2 1.1
Tb-160 5.3-11 6.0-7 5.6-9
U-232 6.0-5 1.3-3 1.2-5
Tl-208 1. 8-12 5.3-4 4.9-6
U-233 2.1-5 1.9-7 1.8-9
U-234 2.4-1 1.5-3 1.4-5
U-235 9.0 1.9-5 1.8-7
U-236 6.0 3.7-4 3.4-6
U-238 1.5+2 5.1-5 4.8-7
Np-237 6.2 4.3-3 4.0-5
Pu-236 1. 7-1 1.6-2 1.5-4
Pu-238 2.3+1 3.8+2 3.6
Pu-239 2.1+6 1.3+1 1.2-1
Pu-240 3.6+1 7.9 7.3-4
Pu-24l 1. 7+1 1. 7+3 1.6+1
Pu-242 2.8 1.1-2 . 1.0-4
Am-241 4.6 1.6+1 1.5-1
Am-242 2.5-8 2.0-2 1.8-4
Am-242 2.1-3 2.0-2 1.8-4
Am-243 2.4-2 4.6-3 4.3-5
Cm-242 1.5-5 5.0-2 4.7-4
Cm-243 2.0-4 9.4-3 8.8-5
Cm-244 1. 7-3 1.3-1 1.3-3
Cm-245 3.4-5 6.1-6 5.7-8
Cm-246 2.1-6 6.2-7 5.8-9

Total 3.0+3 4.3+5 4.0+3

aOn1y radionuc1ides with a specific activity greater than 10-10
Ci/liter are listed. The reason for deleting radionuclides with a
lower concentration is twofold. First, their contribution to the total
radioactivity of the mixture i~ minimal, and the product of their
hazard index and concentration is small in comparison with the radio­
nuclides listed.

b4.5-2 = 4.5 x 10-2•
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Figure E-l. Radioactive decay of contact-handled
TRU waste. The activities shown are
for a DOT-17C 55-gallon steel drum
containing 8 grams of plutonium.

Figure E-2. Radioactive decay of remotely handled TRU
waste.
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Introduction

This report was prepared in response to a request of the WIPP Waste Ac­
ceptance Criteria Steering Committee (WACSC) at their meeting on March 2. All
DOE field offices conducting TRU retrievable storage operations were asked to
provide the Operations Branch with certain specific information concerning the
TRU waste currently on hand and projected for the future. A copy of the re­
quest for data is included as Appendix A. Copies of the data supplied are
included as Appendices B through G. The remainder of this record is a conden­
sation of these responses and a restructuring of the data into a format where
the WACSC can obtain an overall perspective on the DOE-wide situation. The
reader is encouraged to consult the individual replies or to contact the
respective field offices for more detailed information.

NOTE: Only one of the appendices mentioned above (Appendix F) is
included here: the data on wastes stored at the Idaho National Engin­
eering Laboratory (see Annex 1, pp. E-23 through E-42).

- '.
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Section I

Qualitative Description of Available Waste Characterization Information

A. Contact-Handled TRU Waste:

LASL - Waste generators are required to complete a form containing informa­
tion--on-the radionuclide content (including error estimates and how the amount
was determined), package construction, package radiation level, and waste type.
The LASL lists 33 different waste types (see Appendix C [not included here] for
details). In addition, the form also permits the inclusion of additional data.
Examples of typically recorded information include the identification of equi~

ment items or types, and of chemical contaminants on or in the waste.

Sandia Lab - The waste will be in the form of glassware, equipment, solidi­
fied liquids, ceramic waste, etc., and contains Np-239, Pu-238, Pu-239, Pu-24l,
Arn-24l, and Cm-244. All waste is packaged in DOT l7-C containers.

Pantex - Data currently available in~lude: container size, volume, weight
and type~ chemical and physical form of the waste~ isotopic composition and
curie amountJ and surface radiation reading.

ORNL - The computer system contains data by container: date received,
source-of waste, shipper, location in storage area, estimated amount of com­
bustibles and noncombustibles, and estimated amount of U-233 and transuranics.
Essentially all of this waste is from glovebox and hot cell operations. Since
no assays were done, the isotopic composition data, if not reported by the gen­
erator, can be implied from the source (i.e., building). The package size and
construction is well known, but the precise weight is not. No information on
compactibility is available. Although some knowledge of the chemical and
physical forms of the waste can be inferred from its source, no specific in­
formation has been recorded. No information is available on nonradioactive
constituents.

Hanford - Each waste shipment is accompanied by a shipping ticket which
physically describes the material content, the source of the waste, any
special conditions, the type of radioactivity (specific radionuclides, etc.),
quantity (curies or grams), and the radiation level. The TRU waste containers
must also be identified as combustible or noncombustible. The locations of
the TRU containers are also recorded.

INEL - The following information is recorded for each shipment: waste gen­
erator and building number, gross volume, gross weight, curie content, type
and number of containers, unit container volume, waste description, nuclide
identification and storage location. No data are currently available on non­
radioactive toxic constituents in the TRU waste. Some may be obtained from a
records search, although initial indications are that any such information
would be very limited and superficial. Compilations of some of these data can
be found in Appendix F [reproduced here as Annex 1, pp. E-23 through E-42].
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NTS - For retrievably stored, contact-handled TRU waste the gram content,
curie-content, isotopic composition, package size with weight and construc­
tion, and combustibility information are available.

~ SR - Early records contain only waste volumes and activities. However,
since-July 1, 1974, combustibles and noncombustibles are segregated and placed
in separate drums and marked accordingly. The material composition of the
waste can only be inferred from sample observations of the waste packaging
operations and estimation by the production personnel. Results of such a
survey can be found in Appendix B [not included here].

B. Remote-Handled TRU Waste:

LASL - The same type of information will be available as previously indi­
cated for contact-handled TRU waste.

Sandia Lab - The same type of information would be available as previously
indicated for contact-handled TRU waste.

Pantex - No waste of this type is stored at Pantex.

ORNL - Essentially all of this type waste is from hot cells (90 percent
from--one facility) and gloveboxes. It includes plastics, paper wipes, various
kinds of equipment, equipment racks, etc. No assays of waste to determine
isotopic composition were made but the source and knowledge of the process may
give some indication. The package size, weight, and construction are well­
known. An estimate of the combustibility is available, but there is no infor­
mation on its cornpactibility, nor on the presence of nonradioactive toxic con­
stituents. The chemical form varies--nitrides, chlorides, oxides, and others.

Hanford - The same type of information is available as previously
indicated for contact-handled TRU waste.

INEL - The same type of information is available as previously indicated
for contact-handled TRU waste.

NTS - No waste of this type is stored at NTS.

SR - No waste of this type is stored at SR.
'. ",

C. TRU Waste Disposed of by Shallow Land Burial:'

LASL - Waste management personnel have kept logbook-type recqrds on all
waste disposed of since the late 1940's. Work is underway to convert the
pre-1971 records into the current computer system. The major problem with
these old records will be the actual identification of which wastes contain
>10 nCi/gm. Where buried TRUwastes can be identified, information as to
waste matrix, packaging, radiation level, TRU content, and burial location
should be available.

Sandia Lab - The waste is in the form of glassware, equipment, paper
products, contaminated experiments, etc., and contains about 1 gram of Pu-239.
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Pantex - The same type of information is available as previously indicated
for contact~handled TRU waste.

ORNL - Due to an accidental loss of records, no detailed information is ~

available for the pre-1969 buried TRU waste, estimated to be about 200,000 ~
ft3 in volume. Since field separation of TRU waste began in 1970, about 63
containers of ,equipment were buried, in an essentially nonretr;evable fashion,
that were judged to be contaminated marginally above the 10 nCi/gm'level.
About'90 percent contained hoods and gloveboxes. No assays were made and the
data is based on the judgment of the generator. The size and composition of
the containers are known, the weights are estimates based on actual weights of
a few. An estimate of the combustibility is available, but no information on
the compactibility' or on the presence of nonradioactive toxic constituents is
available.

Hanford - The same general type of information is available as previously
indicated for contact-handled TRU waste, except for knowledge of where the
buried TRU-contaminated (>10 nCi/gm) waste is located among the non-TRU­
contaminated waste.

INEL - The data available at the present time on the subsurface disposed
TRU are-limited to hand.tabulations of quantities shipped from Rocky Flats
Plant and estimates of Pu quantities.

NTS - No waste of this type is buried at NTS.

SR - Much of' the waste sent to the burial ground was contained in card~

boara-cartons which were dumped into the waste trenches and covered with
soil. Bulky waste was wrapped in plastic and buried, or wrapped waste was
placed in wooden boxes. Test retrievals indicate that the waste package in
plastic will. be well preserved~ however, the cellulosic materials in contact
with the soil will be degraded. Because early records are lacking, activity
content and volume of waste buried before 1961 can only be estimated.

NOTE: The preceding
submitted by the field.
[in the original report]
organizations to resolve
additional information.

are only brief synopses of the lengthier information
The reader is encouraged to consult the Appendices
for more details, and to directly contact the field
difficulties in interpretation or to obtain specific
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Section II

Inventory Data

All of the field offices were ask~d to present estimates'of the approxi-,
mate volumes of TRU waste in the following three categories (i.e., retrievab1y
stored, contact-handled, retrievab1y stored, remote-handled, and TRU waste
disposed of by shallow land burial) as of the start of FY 1978 and expected to
have been accumulated as of the start of FY 1986. Estimates of the accuracy
of these data were also requested. A compilation of the site submitted data
is presented in Table 1, and a summary of the DOE-wide situation in Table 2.
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TABLE 1

APPROXIMATE VOLUMES OF DOE TRU WASTE AND ESTIMATES OF THEIR ACCURACY

As of 10/1/77 As of 10/1/84
Waste Category Site Volume (ft3) Accuracy Volume (ft3) Accuracy

Stored, Contact- LASL 54,020 + 5% 200,000 + 25%-
Handled TRU Waste SLA 0 3,500 + 30%

Pantex 38 + 10% 57 + 15%-
ORNL 9,600 5% (4) 18,750 (4) + 25% (4)
Hanford 247,000 + 10% 770,000 + 30%
INEL 1,201,917 + 10% 2,036,682 + 30%
NTS 6,116 + 10% (3) 35,314 +200% - 50% (3)
SRP 56,168 + 5% (1) 95,100 + 25% (1)

ft 3 -
ft31,574,859 ~ (5-10)% 3,195,403 + 30%

Stored, Remote- LASL 0 8,000 + 50%
l'j Handled TRU Waste SLA 0 50 + 30%
I Pantex 0 0
~
0'1 ORNL 26,550 + 5% 47,350 (4) + 25% (4)-Hanford 2,940 + 5% 7,900 +100% -50%-

INEL 304 + 10% 14,442 + 50%-
NTS 0 0
SRP 0 0

29,794 ft3 + (5%) 77 ,742 ft3 + 50%-
Buried TRU waste LASL 580,045 + 50% 580,045 (2) + 50%

SLA 60 + 50% 60 + 50%
Pantex 1,143 + 10% 1,143 + 10%
ORNL 200,000 (5) + 50% (5) 200,000 (5) + 50% (5)

15,000 + 10% (4) 22,000 + 25% (4)
Hanford 5,483,000 +200% - 50% 5,483,000 +200% - 50%
INEL 2,102,000 + 30% 2,102,000 +200% - 50%
NTS 0 (3)
SRP 1,084,740 + 5% (1) 1,084,740 + 5% (1)

9,465,988 ft3 +125% 9,472,988 ft3 +125%
- 40% - 40%

.....



The figure in Appendix C was reduced since no burial of >10 nCi/gm
(1)
(2)

(3)

(4)

(5)

Te1econ with J. Covell, SR, 6/6/78.
Te1econ with J. Warren, LASL, 6/6/78.
is planned.
Te1econ with B. Church and P. Fitzsimmons, NV, 6/6/78. The figure in Appendix G was reduced since no
burial of >10 nCi/gm waste is planned. The 1 x 10 4 m3 referred to <10 nci/gm waste.
Te1econ with B. Brocke1sby, OR, 6/6/78. The changes in Appendix 0 reflect re-estimates by ORNL for 1984
and the accuracy values. These buried TRU ·vo1umes refer to bulky equipment.
This buried TRU volume refers to waste buried prior to the initiation of TRU retrievable storage
operations at ORNL. Confirmed by te1econ with B. Brocke1sby, OR, 6/6/78.
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Table 2

(1) An unknown fraction of the buried TRU waste may be in concentrations less
than the 10 nCi/gm level, and therefore may be incorrectly included as
nTRUn waste.

(2) Due to the degradation of the original container, the total volume of
material resulting from any operations to recover this material may be a
factor of 2 to 3 larger than the original waste volume. In addition, such
recovery operations would also generate an additional waste volume.

As of 10/1/84
Volume (ft) Accuracy

As of 10/1/77

Summary of DOE TRU Waste Volumes

1.6 x 106 + (5-10)% 3.2 x 106 + 30%

3.0 x 104 + 5% 7.8 x 104 + 50%

9 .. 5 x 106 + 125% 9.5 x 106 + 125%
40% 40%

Volume (ft) Accuracy

Buried (1) (2)

Waste Category

Stored
Remote-Handled

Stored
Contact-Handled



Section III

Obtaining More Detailed Waste Characterization Data

The estimated time and funding. required at the TRU waste retrievable stor­
age sites to obtain significantly better data varied from site to site. Fol­
lowing is a synopsis of the individual replies:

LASL- For the retrievably stored waste, very little, if anything, can be
done~improve significantly the available data.

Pantex - It was estimated that it would require 80 man-days and $6,400 to
obtain more detailed waste characterization data. This would not include
opening of the containers, only verification with instruments. It would also
not lead to the establishment of an actual weight of TRU material, since it is
mixed with non-TRU materials and processing would be required.

ORNL - For the contact-handled TRU waste there might be two possible
methods:

• The first would require the development of an instrument system that
can detect and quantify a variety of radionuclides through the wall of
a storage drum. Employment of such a system would cost about $IOO/drum.
This method would not, however, give any additional information on per­
cent combustibles, compactibility, the presence of nonradioactive toxic
materials, etc.

• The second method would involve construction of a facility where the
drums would be opened and the contents analyzed and repackaged. Con­
struction cost would be about $lM and operating costs about $IK/drum.

For the remote-handled TRU waste, improvement of the isotopic composition
data is essentially not possible. The waste is heavily shielded so it would
have to be removed from the casks in hot cells for further study, after being
excavated. Construction would cost about $2M, excavation about $0.6K/cask and
operation about $3K/cask. It would take about two to four years.

Hanford - It is estimated that rough estimates for the missing data for 300
Area burial grounds could be obtained in about one year and cost about $75K.
The cost to improve the quality of the available data would take about one to
two years and cost $2SP-$SOOK.

INEL - If the timing of additional waste characterization studies could be
arranged to coincide with the ongoing program, it is anticipated that it could
be done in four months for about $37SK. If the timing could not be arranged,
it would take two more months and cost an additional $IOO-$125K. An addition­
al $IOOK would be needed to characterize the PU in the soil surrounding the
buried waste.

NTS - Estimates of the funding and time required to obtain significantly
more detailed waste characterization data appear to be minimal.
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SR - A more detailed waste characterization study of retrievably stored
waste would cost about $l60K and take about one year. It would characterize,
in detail, current waste as it is prepared for storage. Sampling waste now in
storage would be more difficult and costly.
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April 23, 1978

Mr. J. B. Whitsett, Chief
Radioactive Waste Programs Branch
Idaho Operations Office - DOE
Idaho Falls, ID 83401

TRU WASTE DATA - Duf-73-78

Ref.: J. P. Hamric ltr to L. P. Duffy, same subject, Mar. 22, 1978

Dear Mr. Whitsett:

The referenced letter requested that TRU waste data be furnished for the
WIPP Steering Committee. The following information and attached tables
fulfill that request. The data are furnished in the same sequences as
requested in the referenced letter.

(1) The information presently available on TRU waste is provided by the
Waste Management Information System (WMIS) and the Transuranic
Contaminated Waste Container Information System (TCWCIS). The start
of the WMIS data file presently coincides with the initiation of
retrievable storage at INEL (10/70) and the TCWCIS started in
September 1971.

The WMIS data base includes the following data for each solid waste
shipment: waste generator and building number, gross volume, gross
weight, curie content, type and number of containers, unit container
volume, waste description, nuclide identification and storage or
disposal location. Routine monthly reports include disposed waste by
nuclides, . stored waste by nuclides, waste compaction data, number of
stored or disposed containers, and detailed and summary reports by
generator or disposal/storage location.

All retrievably stored waste, both contact and remote-handled, are
included in the WMIS. The first year of data for retrievable storage
is not available in the TCWCIS. The data available at the present
time on the subsurface disposed TRU are limited to hand tabulations
of quantities shipped from Rocky Flats plant and estimations of
Plutonium quantities.

(2) Table I lists the quantities of TRU waste in each of the three
requested categories. The retrievable storage data are derived from
the WMIS data bank. The subsurface volume data are based on the
information published in IDO-10055 (77) and have been modified to
reflect the retrieval operations through 12-31-77. The quantity
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April 28, 1978
Duf-73-78
Page 2

listed for the Transuranic Disposal Area reflects the >10 nCi/gm TRU
portion of the total waste disposed on Pad-A. Table II lists the
volume projections for TRU waste through 10-1-84, based on the waste
generator's forecasts. There is no projected subsurface disposal of
TRU.

Information for 1977.

The documents are:
Information 1977

The WMIS data are published annually by DOE-ID.
lOO-l0054 (77) Radioactive Waste Management
Summary and Record to Date.
lDO-10055 (77) Radioactive Waste Management

The TCWCIS data are not published formally: however, several
tabulations from this system are attached. Another information
source is "History of Buried Transuranic Waste at INEL," WMP-77-3,
March 1977, J.H. Card. A review of available past data records has
been initiated with the objective of producing a. WMIS tyPe data base
for all solid waste prior to October 1970 •. Also some additional
Rocky Flats drum logs may allow the TOWelS data base to be extended
back to include the TRU waste of 1969-1971.

(3) The data for TRU waste presently in retrievable storage are the con­
tainer volumes and are considered to be accurate within + 10%. The
projected container volumes for contact-handled TRU is +-30% based on
generator forecasts. For remote-handled TRU (ILTSF), the projected
volume may vary + 50%. This projection includes the first years
waste from SAREF: The subsurface disposed TRU quantities are con­
tainer volumes, based on tabulations of containers shipped, and do
not reflect a review of waste shipment records. The disposed volume
probably is accurate within + 30%. However, due to container degra­
dation, the mixing of waste with soil along with the TRU waste
generation associated with retrieval operations: the total TRU
retrieved volume may be a factor of 2 to 3 larger than the original
waste volume.

(4)

(5) The time and costs required to obtain significa~tly more detailed
waste characterization data are dependent upon the scheduling of the
project relative to the current waste retrieval operations. It is
anticipated that upon completion of the Initial Drum Retrieval (IDR)
project, the TSA-l will be opened for a visual inspection of the
exterior surfaces of the waste containers. This operation co~ld also
be the first step in obtaining retrievable containers for waste
characterization. Also the Early Waste Retrieval (EWR) project,
currently scheduled through December 1973 provides the basic
containment structure and equipment for the characterization
project. If the waste characterlzation project could be scheduled to
operate concurrently with the final portion of the EWR project or
directly afterwards, the costs of reactivating a mothballed EWR
facility would be circumvented.
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Utilizing the TSA-1 container inspection program to obtain the drums
and an active EWR facility as a basic containment facility, it is.
anticipated that the costs of the waste characterization program
would be 375,000 dollars and require 4 months of operation. A
separate entry into the TSA to obtain the drums and reactivation of
the EM~ facility to conduct the waste characterization would add 2
months and 100-125,000 dollars to the program.

Another areCi of investigation which is very critical to the waste
volume shipped· to .W-IPP is the amount and degree of Plutonium soil
contamination surrounding the subsurface waste. It is proposed that
core samples be obtained in and around the early waste pits and
trenches to better quantify the soil volume that will have to be
processed. It is estimated that such a project could be accomplished
for approximately 100~000 dollars.

The specifications for current waste packages are given in Appendix A.
These specifications are applicable to drummed waste received after
December 1972 and boxed waste received after June 1972. Consequently, it
is estimated that TSA-l and TSA-4 contain 1262 boxes which were not
fiberg1assed and 60,119 drums without liners.

Table III lists the isotopic composition by weight percent for the TRU
nuclides in the contact-handled TRU waste. Table tv gives. the average'
weight for the boxes and drums in the contact-handled TRU waste by year
of storage. The increase in drum weight for the period of 1970-1977 is
very significant and probably the result of better package utilization.
Table V lists the combustibility and compactibility for the contact­
handled TRU waste. utilizing normal compaction and incinerating tech­
niques, about 71% of the waste is not treatable. Table VI gives the
plutonium loading in the ~ocky Flats boxes and runs by year of storage.
Again, the drums show a significant increase in Plutonium content in the
latest waste (1970'-1977).

A sampling of the contact-handled TRU waste by container content is given
in Table VII. This table contains the data from several waste
generators. Cgnsequently, duplicate or near duplicate content descrip­
tions may be encountered.

NO data are currently available on nonradioactive toxic constituents in
the TRU waste.· Some information may be obtained from our record·search.
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However, the initial indications are that any infor~ation of this type
will be very limited and superficial.

Very truly yours,

L. P. Duffy, Manager
Waste Management Program

HMB:lf

Attachment - Appendix A

cc: R. W. Kiehn, EG&G Idaho
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TABLE II

TRU WASTE AT INEL

As of 10/1/84

Retrievab1y Stored - Contact-Handled TRU

As of 12/31/77
Projection thru 1984
Totals

34,039 m3
23,641 m3
57,680 m3

or
or
or

1,201,917 cu. ft.
834,766 cu. ft.

2,036,682 cu. ft.

Retrievab1y Stored - Remote-Handled TRU

As of 12/31/77
Projection thru 1984
Totals

Subsurface Disposal TRU

As of 12/31/77
Projection thru 1984
Totals

9 m3

400 m3
409 m3

59,522 m3
o

59,522 m3

TABLE III

or
or
or

or

or

318 cu. ft.
14,124 cu. ft.
14,442 cu. ft.

2,102,000 cu. ft.
o

2,102,000 cu. ft.

ISOTOPIC COMPOSITION OF TRU NUCLIDES IN TSA WASTE

Nuclide

Am-241
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
U-233
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Weight %

5.15
0.34

69.57
4.36
0.30
0.01
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TABLE IV

AVERAGE WEIGHT TRU WASTE CONTAINERS

1970*
1971*
1972
1973
1974
1975
1976
1977

1971*
1972
1973
1974
1975
1976
1977

Drums

I Drums Weight (lbs)

9,378 1,787,825
2,726 871,646

15,690 5,641,154
9,097 3,000,723
6,860 2,444,782
8,782 . 3,261,068
4,279 1,596,536
3,464 1,471,801

60,266 19,975,565

Boxes

I Boxes Weight (lbs)

562 1,205,060
975 3,063,110
944 2,813,612
774 2,006,220
613 1,316,289
492 1,359,950·
514 1,415,634

4,764 13,179,875

Average
Weight

190.6
319.6
363.2
329.9
356.9
371.3
372.4
424.9

331.5
(45 1bs/ft3)

Average
Weight

2183.1
3141. 7
2980.0
2692.0
2566.9
2764.1
2754.2

2766.6
(25 1bs/ft2)

*Partia1 year's data.
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TABLE V

COMBUSTIBILITY AND COMPACTIBILITY - TSA WASTE

9/71 - 12/77*

Comp Comp .NComp NComp
Unit Count Total Comb NComb Comb NComb

Drwns 48,917 15,677 1,190 408 31,842
Boxes 4,766 404 423 205 3,734
Bins 161 160 1

Volume (m2)

Drums 10,374 3,325 252 87 6,710
Boxes 14,849 1,259 1,318 639 11,633
Bins 547 544 3

Total 25,770 5,128 1,573 726 18,343

% 19.9 6.1 2.8 71.2

*Does not include retrieved wastes.
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TABLE VI

AVERAGE PLUTONIUM LOADING ROCKY FLATS WASTE

Drums i
*of Weight Gms Pu/

Year Units (grns) Container

1971* 2,726 2,555 0.94
1972 15,690 27,744 1. 76
1973 8,978 12,705 1.42
1974 6,119 28,595 4.67
1975 3,556 30,894 8.69
1976 2,765 15,519 5.61
1977 2,660 27 ,198 10.2

TOTAL 48,494 145,210 3.42 (Ave. )

Boxes

1971* 552 769 1.39
1972 975 5,383 5.52
1973 944 11,554 12.24
1974 776 6,612 8.39
1975 302 1,047 3.47
1976 492 1,858 3.78
1977 466 4,993 10.71

TOTAL 4,507 32,116 7.13 (Ave. )

*Partial year's data.
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()
TABLE VII

TRANSURANIC STORAGE ARFA DATA
9/71 thru 12/76

TABULATED BY CONTENT CODE

Volume Volume Weight
Content Description Drums Cu. Ft. Boxes Cu. Ft. 1bs. Pu Grams AM Grams

Not Recorded - Unknown 1,903 21,088 392,805 3,241 32
First stage Sludge 4,957 37,821 2,537,489 26,224 10,249
Second Stage Sludge 6,472 48,842 3,469,429 1,523 16
Organic Set Ups (Oil Solids) 3,366 27,581 1,784,055 1,837 0
Special set ups .. (Cement) 851 6,812 508,472 910 7
Evaporated Salts 12 107 1 112 10,692 6 7
Combustibles (Rags, Gloves, Poly) 865 6,623 164,845 -0- -0-
Non~compressib1e, Non-combust. 777 5,762 184,474 -0- -0-
Solidified Grinding Sludge, Etc. 41 305 9,880 -0- -0-

t>:l Solid Binar:yScrap Powder, Etc. 12 88 2,950 -0- -0-
I Dirt 135 993 83,535 -0- -O-w

w Sludge 23 169 6,800 -0- -0-
Alpha Hot Cell Waste 40 160 3,674 16 -0-
American Process Residue· 120 897 43,997 150 -0-
Sludge, Filter 1 7 145 14 -0-
Cemented Sludge 73 537 19,072 1,061 -0-
Graphite 758 5,619 197,179 6,274 -0-
Graphite Cores 32 235 8,327 405 -0-
Bene1ex and Plexiglas 16 118 16 1,792 63,728 67 -0-
Graphite Scarfings 16 118' 3,827 81 -0-
Graphite Heels 4 41 1 112 3,500 783 -0-
Tantalum 192 1,412 48,365 2~372 18
Paper and Rags - Dry . 4,945 36,835 323 36,176 1,576,644 2,662 91
Filters, Absolute (8x8) 110 809 16,912 215 7
Paper and Rags- Moist 7,293 53,738 8 896 1,455,248 2,212 11
plastics, Teflon, Hash, PVC 1,832 13 ,625 9 1,000 333,056 1,145 39
Insulation & CWS Filter Media 253 1,860 78 8,736 195,774 6,501 0
Leaded Rubber Gloves & Aprons 509 3,743 172,042 14,025 16
Insulation 239 1,761 1 112 36,138 217 0
Insulation Heel 1 11 411 199 0
Crucible, Lead 30 221 11,448 91 0
Brick, Fire 886 6,519 24 2,688 387,140 2,789 0
Grit 5 37 2,220 21 0
Blacktop Concrete Dirt and Sand 937 6,890 81 9,072 669,~17 6';7 0



TABLE VII (Continued)

r
Volume Volume Weight

Content Descr iption Drums Cu. Ft. Boxes Cu. Ft. 1bs. Pu Grams AM Grams

Oil Dirt Residues From Incinerator 11 81 4,209 10 0
Cement Insu1. & Filter Media 206 1,515 2 224 56,971 5,253 17
Crucible and Sand 1 7 282 35 0
Sand, Slag and Crucibles 6 67 2,700 1,164 0
Sand, Slag, and Crucible Heels 8 59 1,707 1,468 0
E1ectrorefining Salt 2 15 476 24 0
Ash, Incinerated (Virgin) 8 59. 3,212 359' 0
Soot 13 96 2,826 702 0
Resin, Ion Column Un1eached 29 266 11,528 2,716 0
Resin, Leached 6 59 2,389 263 0
Resin, Leached and Cemented 139 1,022 40,500 2,964 21
Glass 761 5,881 1 112 190,594 3,841 16
Raschig Rings, Un1eached 1,096 8,060 215,924· 11,562 0
Raschig Rings, Leached 22 166 6,545 46 0

t":l Washab1es, Rubber, Plastics 6 67 2,813 81 0I
w Gloves, Drybox 53 510 19,533 759 0
~

P1exig1ass and Bene1ex 48 364 12,971 90 0
Metal Scrap (Non SS) 1,669 12,718 2,589 289,702 7,981,075 27,319 43
Metal ,Leached (Non SS) 457 3,361 1 112 141,841 13,531 3
Filters O'lS 58 460 466 52,192 886,546 5,548 13
Equipment Boxes 12 1,344 12,687 88 0
High Level Acid 235 1,728 75,815 17 0
High Level Caustic 691 5,081 229,878 20 0
High Level Sludge/Cement 1,998 14,692 1,260,952 7 0

16 nCi/gm Non-Combustible 1 '7 335 0 0
Contaminated Soil 36 4,032 160,002 1 0
LSA 100 nCi/gm Combustible 103 757 23,168 0 0
LSA 100 nCi/gm Non-Combustible 110 609 22,782 0 0
LSA Paper, plastics, Etc. 352 2,611 6 672 82,244 1 0
LSA Metal, Glass, Etc. 110 809 334 37,492 918,936 68 0
Concrete, Asphalt, Etc. 704 5,233 171 10,426 1,022,373 326 0
Wood 24 176 54 6,055 123,892 467 0
Bldg. 776 Process Sludge 5 37 19 2,128 89,887 23 0
Laundry Sludge 11 1,232 46,980 43 0
Equipment 1 7 178 11 0
Dirt 470 3,456 255,463 0 0
Sludge 296 2,177 8 896 176,751 64 0

~TALS 47,404 363,658 4,252 467,323 28,492,732 154,559~ 10,606
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~l -L.l2lf.tft!_ J.J.§2f i 04 ~!)nf.tol\_ .-LJill!!!1 .. ~.2§8~~Jl~ 1:.JO£Et0-1 .~. 7~2~t04 ~ 1.1.~~f!~5 -._.- -_._-~_.- ._.-- -



NUCLIOE DISTRIDUTION - 015'0_ WASTE (CURIES)

-
'fucl1de 1971 1912 1911 1974 1915 1976 \971 Total Fraction % >.1

._--

)u-240 9.000£-04 \.715£-01 6.915£-02 1.312[-0\ 9.430£-03 1.360£-03 _~~~-O2 2.247£-01 1.148£-01 -
"u-241 1.000£-001 6.062£-02 3.199£-01 4.646£tOO 3.221£-01 ~64E-02 2.685£-02 5.4\4HOO 2•134l:-06 -
"u-242 -0- 9.717£.-06 5.!i~7[-07 1.008E-05 1.709£-07 1.065£-01 6.979£-08 I .240£-05 6.303£-12 -- -
~~ -M76ltl)0 --L.2W£tOO 2.29~(-01 1.0oo£iOO 3. 382£-Oil 2.02\[-01 -0- 8.258[100 4.\71[-06 -
ilb-86 -0- 4.210£tOO 4.160ftOO 6.322£tOI 5.651£iOO -0- -0- 7.744[101 3.911£-05 -
:lu-IOl 2.570£-02 .9.658£t03 U1/6£tOO 9.644£-02 2.01:1000 8.026£-02 2.900E-02 9.f,61Et-03 4.829[-03 .5------ --,
lu-I06 8.101£tOO 1.093£tOI ---L989£t02 3.379£'02 2.614ft02 1.358£102 1.530['02 }. 106f i 03 5.506f-04 -

"

ib- 12S ..l.:.2l~ ...l.:.ft~9- JhillftOI ~.Ql4£t02 7.991£ rol 6. 260£t01 6.033HOI 4 • 2ESfl[t 02 2.lllU-04 -
~--- ._---

)c-46 4.948£too 1.121£tOO -0- -0- -0- -0- -0- 8.OE;9£-t 00 4.075£-06 ----
;Ill-Hil -0- ...;0- -0- -0- -0- 3.302ft-00 -0- 3. l02~.!!!!L 1.677£-06 -
ir-09 -0- -0- -0- -0- -0- 1.000E-OI -0- l.OOOf-O} 5.(9)[-OU ------
:r-I)I) I.618[tOl 2.103[tOI }.fl72HOL J:_~79[tO] I. 764fi03 __~~I!1J[I02 2.546£-102 4.I04ftOl 2.073f-03 .2-- ------- --------- ------
'-.-11l? -0- -0- -0- -0- -0- 7.310£-02 -0- 1.3W[-0~ 3.692£-08 ---- ----- ----
lc-9') -0- -0- -0- -0- -0- 3.91; It-OJ 3.200£-09 3. ~i9)f->07 ?.Op£-ll -

111-210 -0- -0- -0- -0- 5.40!iE-09 ··0- -0- 5.40~[-O~_ -l.:11!![- , 5 -
TII-2]2 ~f-04 .-!.J!2~ 5.450E-OS 4.6%£-05 1.09'E-0~_ c).bIOE-OR 3. 646l:-04 __L.!.!!~f -:QL 2:.1I!.i4~ ----:--

~2 -0- -0- -0- -0- O. lfiOftno -0- -Q---- --!i. ](;01: i OfL __L??2f -06 -
~-~p -0- "'!.goo£-Oi -0- \ •Q.\9t.=!~ -0- 9.521[-03 -0- 9.!.ipE-OL --!.Ill!j~__ -~~---

!!-2l4 3 710£-04 -0- 1.857f-05 1.12][-05 }.7f-OE-04 6.178E-04 2.702[-02 2. 901E-()2 1.4fi5E-06 ---



trJ
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NUCliDE BISIRltulIO" - DiSPOSeD WASTE (CURI£Sl

---
',ud'de 1971 1912 19]] I!IN 1975 1976 1977 Total f.'action %>.1

-

J-235 1.018£-01 1.012£-01 6.04E-"2 6.4811:-02 1.012[-02 2.164£-02 4.60tE-02 4.820£-01 2.434£-07 - -
J-1l6 1.684£-06 -0- -0- -8- 2.2UOE-06 1.170[-05 2.049£-04 2.405£-04 1.215£-10 -,

J-218 1.136£.00 O.274ftOO ".121f~03 4.875ft-OO 5.211fH10 1.11:.6[tOO 3.147£"00 3.575£tOI l.ftO~~ -

~AI~. -0- 1.02Of-0I 4.360£-01 I.to4£-02 1.19lE-03 -0- .;:0- 7.5(;(£-01. 3.tJ21f-OJ . -

JIl-ld-O & G 2.864£t03 1.1b2C.04 8.048rtOl l.88G£tOl 1.O~6[tOI 1.118Et02 8.995HOO 2.094£104 I.0f;E)£-02 1.0

.-101 6.296ftOO -0- -0- -8- -0- -0- -0- 5: 29lif tOO _ . 2.6~6[-O6 -

!n-6~ 4.212EtOO -0- -0- 1.£lJ5ft02 4.000£-01 1.101E ")0. 5.960[-02 . 3.66~(i02 . 1.85]£-04 -. -

~r-S5 5. \30E-02 1.l74005 ••4!i3£t-Ol -0- 2.310[-00 1. -199[tOO 5.29SEiOl I.175Ei05 6.944(-02 6.9

?r-llb-95 1. 554Et04 2. 116£tOO 1.211£t02 I.S16ft02 .. L 142ft02 8.912['01 . 1.0nOHOl 3.603[-104 1.6201:-02 1.8

:mAl fUR 1[$ 3.509£t05 2.141ft05 1.J99ft05· 1.832h04 I ~31~£t04 2.1ll0£105 8.241Et05.+-!.. 980£ I 05-



fIJCllP£ DISTRIBUTION - ILTSf { CURIES)

nucHde 1911 ·1912· 1911 1914 1975 1976 1911 Total fraction ~ >.1

HfP -~ -0- -0- -0- -0- I.U90EtOl 2.043£tOI 4.133£tOI 9.44lf-Ol 94.4
... --~

Pu-218 -0- -0- -0- -0- -0- -0- 5.193£-02 5.193£-02 I.Ol6£-OJ :.• 1.
Pu-239 ':0- -0- -0- -0- -0- 2.526£-00 1.419[-01 2.674£'00 5.335':"-02 5~J

..
> -~ ,.. '

Pu-240 -0- -0- ' -0- -0- -0- -0- 6.135£-04 6.135£-04 1.2?4E-05 -
. Pu-241 -0:' -0- -0- -0- -0- -0- 5.915£-02 5.915[-02 1.192[-03 .1

. .. .' . '. . ~~

Pu-242 -0- -0- -0- -0- -0- -0- 4.411£-06 4.411[-06 8.9Jl£-CJ8 -
~~- ~~-~- ~

.. -, ' .. - ..- . - - - -"--
.~~ . '.

U-2ll -0- -0-. -0- -0- -0- -0- L1JJE-04 1.13)[-04 3.450£-06 -
U-235 -0- ;.0:- -0- -0- -0- -0- 4.241£-05 4.241(-05 8.414£-01 -

-',' ..

TOTAL -0- -0- -0- -0- -0- 2.14lftOI 2.869HOI 5.012£.01 -



""CtlDE DISnUBUliON - lLTSf ( CURIES)

Nuclide 1911 1912 l!ln 1914 1975 1976 1977 Tol;)1 flOilCl i 00 2: >.1

£u-155 -0- -0- -0- 2. 422HOI 2.154EtOJ 9.0001:-02 2.oo1[t01 6.506£tOl 3.326£-05 -----
fe-5 0

) ..l..:lliEt04 6.10Ut02 5.918£t02 1.440EtO) 5.630[t02 '.8t!iE i04 6.J19Ei04 . l.145£105 S./OJr-02 5.0------- -_._- ---_..

11-) 5.000£-01 -0- 2.300£-01 -0- -0- -0- -0- 7 ~ 300E-0' 1.6U1E-OJ --

III-In) 2.005£-0) -0-, -6- ..0- 4.882£-02 7.310£-02 _&.960£-02 4.620E-_~ 2.3B(-OJ -
!:ll!. 1. 569£tOO ':'0- -0- -0-- ~P6/[-Ol 8.800l-01 5.500(tOO 7.957fttlO '1.lH9[-06 -=-- ----
lJ-l':O 3.511£-01 3.115E-Ol -0- -0- 2.053£tOO 5.tl90[I(H -0- 6.ltuE 101 _:t. \l5[::Q~__ . -
HAP 2.219[tOO 1~081E un 2.109£t04 ~:22-t£101 l. 361£tOI ~.4(tOl I.OO~-b~!'1HQL ~9E-()2 .. 1.2

UfP 6.709£tfll 3: 011£iOI I. 292£t02 1.61Ut02 ~~ 2.lJ3~ -1..::61 ~i( t 02 L750[tOl P..83/JE-()4 ------- -_._----
1~.-5.: I. 24lftOO 4. 110£tOO 2.081[ t04 7.201~ 1.66~£102 2.913£tOI 7.391£t04 9.519H04 4.lI03£-02 4.0---_.-'--- --_._.•.

i'Ill-!i~ 1.4e~£tOO 2.£OQEtOI -0- -0- _.!~]OEt02 -0- '·0- 5.011[ 102 2.9]6[-()~ -. ------
lla-2? -0- -0- -0- -0- -0- -0- 1.16(iE-06 , .\tof-06 5 .1~!i9E-13 -------- ---
!l ..-~': 3.531(tOO -0- -0- -0- -0- 2.499[i01 -0- 2.U5~i:tOI 1.441(-OS -----_.. -----------
%-9: ...l:114£I 00 -0- -0- 3.196£-01 J.09fl£-01 2.671fiOO 5.503[tO\ 0.205£101 3.134£-05 -------- ----
tll-!i: _ 5.0UO£tOl 1.299£"0) ~.~31[.(\l 1.2oo[tOl -0- -0- -o- f;.99?lIO) 3.026(·03 .:]--------~--- ---_._----- .

'lp-:?:1 -0- -0- 6.345£-07 -li· -0- 4.~OOf:.QL -0- Ii .fU5[-()o 2.442£-12 ------- ---_.__._-_._. ----
FIA-I':1 -0- -0- ~£-01 -0- -0- -0- -Il- 7.,100£ -01 3.737£-01 -. '-------- - ..__.-
Po-210 1.IOUf-OJ -0- -0- -0- -0- -0- -0- -!.:l.Q0£-ClI !).5!ioC·OO -- ---_.
!rl:8 -0- 2 181f-M -L 23I f-0l l_61~f-02 I 18~r-03 1.052f-01 2. Z01f.-OI 2.492[-01 1.?~9f-07 -
"u-;H 1 842£-01 8.801£-03 2 401[-01 5.355£-01 1. 275E-0I 0.6fiOI:-01 1.555[-01 1.261£100 6.494£-01 I ---_.



tlJCLlOE DISTRIOUliOtl - DISPlt.)(O WASTE (CURIES)

'lie 1Ide 1911 1912 197] 1914 1975 1916 1977 Tolal fraction I > .1

1\9-11014 2.338£-02 -0- -0- -0- -0- 2.100£-01 5.960£-02 1~01O£-01 1. 520E -01 - .
"'-241 -0- 1.000E-05 -0- -0- 1.050£-07 -0- 3.240£-07 1.0511-05 5.30"£-12 -
la-Ill -0- -0- -0- -0- -0- 4.000E-01 _.2. 4OO£-ull 4.340£-01 2.192£-13 --
tia-La-140 .l.:mEt(JQ 8. 629£too -0- -0- 1.430£tOO 4.368ftOl -0- 5. 51Cf-t0l 2.01££-05 -

le-lO 4 290£tOO -0- 1.000£t01 -0- -0- -0- -0- _1. 429f.-t0l 1.211£-06 -
1t-210 -0- -0- -0- -0- -0- _ 3.930[-08 -0- 3.910E-OO -.!. 9il5f -1 !. --------
:-14 -0- -0- -0- -0- -0- -L!lfi(:QL -Il- 2.BlO[·O/ 1.449[-13 -----_. -_.
':d-109 -0..; -O~ -0- -0- -0- -0- l.l00f-06 1.100£-116 5.960[-13 ---- .

:e-141 '2~944EtO' 2.109£t04 2. 'l54ft 00 . 1 111[tOO -.h!!25£-tOO 2.089(tOl 1. 316ft 01 2.797£104 1.413£-02 1.4.- - f----

:e-144 5.4t5EtOl 1.0.113£ fO I 4.130Et02 8.041~!QL~P[t02 . 3.9i.!![t02 _ 2.092f.-t01 o1.725(t03 2.3flt[-Ol 0.2- ______0.- -----
~1-15 -0- - -0- -0- -0- -0- 1. 910f-0I1 -0- ].970£-08 2.OO~£-I!_ -
:0-57 -0- -0- -'1:.-. -0- -0- -0- I. I 10[-06 1. llu[-06 !i. "~i5£-13 -f-. ._- ---------- ---_._-- -_. ----
::0-59 O.417ftOO 6.108ftOO ~QlJ£t03 2.079Et-OO 1.154f-QL ~80f101 -..L061 [tO~. I . JOOE I 05 5. !iSM -112 5.5- ...------- --------. ._-----
~o-6() 4.610E~!L 1.4~4f-t0·~. 2.0H2[-t0~ 7.662£ 103 1.211~Et03 4. 6119[ to·1 f.. ?II(1;)4 3. 9?eF Ill:> 1.~!iI\[··Ol 19.0------ --- '.-- ----
~l 2. 359[-t05 -!:.)61f.-Ol /1.001£104 6.l1QEt!!L l. 23Jft O? I .51?f.-t05 5. I41f I U!i -~~~!.:.~~.~ -!: Qllb[.:~_ .-.1~:2----~-

Cs-134 2.1I9£tOO 1.208HOO _§.74l[tOl_ ..!.•i)~~ ...i:.!!t !J[ -t 0I 5.7DEtOO ..l.:1.Qcl-tOL .~2.~?:~~~. 9.7!.i8£-U!i ------ ._----_. ----
:s-131 4.00!:.ft02 ~PftO? ".947[t02 J,4l'1£tOl 5. /i2Zf!.QL _~nn[tO~ _f. 68)[ t('L 4.7UOfI0] 2.314f-Oj .2-------- -----_._._- .-
~1I-152 -0- -0- -0- -0- I~Ofl.Q~ -it]!!~£-01 1•t;:JOf.1 02 .J~?-~.!02 . 8.308£-05 ----------- ---_._-- ----
f!!-154 -"0- -0- -0- 4. 199ft-0I 3.521£tGI 5.0011[-01 . 7.656£101 J, 5-13£ 10? 1.793£-05 -





Annex 2

INEL CONTAINERS FOR TRU WASTE
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STANDARD CONTAINERS

Standardized containers are used at the INEL Radioactive Waste Management ..
Complex (RWMC). These containers are designed to provide safety, integrity,
and improved space utilization of the RWMC. The following containers are
approved by the Department of Transportation (DOT) and by DOE-IO for use at
INEL. DOE-IO will provide the procurement specifications, noted below, upon
request.

(1) The DOT l7C 55-gallon drum, per procurement specification S72001, is
standard steel drum, constructed of l6-gauge materials, with a
removable head (see Figure 1).

(2) The DOT 6M packaging consist of a DOT l7C 55-gallon drum with
fiberboard centering media and a DOT spec 2R inner containment vessel
(see Figure 2). DOT 6M packaging is acceptable at the INEL for
storage only when the drums have no mechanism for venting. This
requires the generator to obtain approval for modification to the DOT
6M packaging which may be obtained when the 6M package is shipped
inside another DOT approved transport device.

The DOT specification 2R, or equivalent, containment vessel must be
made of stainless steel, malleable iron, brass or other material
having equivalent physical strength. The vessel shall be less than
25 3/4 inches overall length and have a maximum outside vessel
diameter of 5 inches. Ends of the vessel must be fitted with a
screw-type closure, flanges of welded or brazed plate. The waste
generator must submit the details of the 6M packaging, including 2R
containment vessel to OOE-IO and EG&G WMPO for information prior to
usage.

(3) The DOT l/H 30-gallon drum, per procurement specification 572006, is
a standard steel drum constructed of 18-gauge material with a
removable head (see Figure 3).

(4) Two styles of DOT 7A boxes are acceptable (see Figures 4 and 5).
Packaging of transuranic waste per Section V, Table II, requires the
box to be coated with 1/8" of fiberglass per procurement
specification 572013 as shown on Figure 4.

(a) The DOT 7A wooden box, per procurement specification 572016, is
an externally cleated plywood box, normally 4' x 4' x 7' long
(see Figure 5). These boxes are being replaced by the box shown
in Figure 6.

(b) The DOT 7A wooden box, per procurement specification 572011, is
a plywood box with internal stiffeners, normally 4' x 4' x 7'
(see Figure 6).

(5) The DOT 7A steel box, per procurement specification 572010, is a
rectangular steel box of dimensions 50 3/8" x 58 3/8" x 72 3/8" (see
Figure 7). When used as an overpack it will hold eight (8) l7C
55-gallon drums in two. (2) layers of four (4) drums each or twelve
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(12) 17M 30-gallon drums in two (2) layers of six (6) drums each.
This box does not require a security seal when it is used as an
overpack, provided each of the DOT approved inner containers is
properly sealed.

(6) See Section VIII Exceptions of Special Shipment Requirements for use
of containers that do not meet the above criteria.

".-~
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COT SPEC. 17C STEeL. CRUM (55 gallon)

33-114 In. uullie
I"sld. "elgtlt

~1·J2 1... -;1----- I.D.

Figure 1

E-46

Solt Ring (12 gauge)

Solt (SlIln.)

Held Inet Gasket

Rollin, Hoop (3 required)

Sody Ind Head S1t..C

(1' gau,.)



Head end Gasleet

Solid indus/ricl r:~ne

fiberboards, hard wood
or ;alywood

Required for packages
having authorized gross
weight in excess of 219
kg (480 lb ) as specified
in CYR-49 3178.104

DOT SPEC. 6M Packaging

(CFR 49 3 178.104)

Figure 2
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.Bolt (5i8 in.)

Vent Holes
(minimum of 4 required.
1.2 em Co.S In.;diameter)

SPEC 2R
or equi~alenl

D.O. T. SP. 17C
or e qui volent



281ft. usable

Inside height

OOT SPEC. 1TH STEEL ORUM (30 gallon)

Bolt Alng (12 gauge)

Solt (5'1 In.)
~---1.-.._- Held .nd auk.t

Body and H••d Sha.t
(18 g.uga)

18 In.
1.0.

Figure 3
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DOT 7A Cleated Plywood Box Assembly
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Appendix F

INCINERATION AND IMMOBILIZATION PROCESSES

As explained in Section 5.3, several studies of the processing of transura­
nic waste have been carried out at the Idaho National Engineering Laboratory.
One of these analyses, performed by the FMC Corporation (1977), evaluated 17
incineration processes (nine for radioactive waste and eight for municipal or
conunercial waste) and 11 inunobilization processes. This appendix briefly
describes these processes.

F.l INCINERATION PROCESSES

F.l.l Processes for Radioactive-Waste Incineration

An acid-digestion process is being developed at the Westinghouse Hanford
Company, Richland, Washington. This system treats combustibles with sulfuric
and nitr~c acids at about 240oC~ The residue from this process consists of
inorganic sulfates and oxides in a salt-cake form.

An agitated hearth is an adaptation of a conunercial incinerator. This
operation is being developed by Rockwell International at Rocky Flats,
Colorado. In this process a batch of contaminated combustible material is
charged into a primary chamber where rotating rabble arms agitate the com­
bustible material to improve the burning. The output is a dry ash.

A controlled-air incinerator, also a modification of conunercially avail­
able equipment, is under construction at the Los Alamos National Scientific
Laboratory, Los Alamos, New Mexico. This incinerator uses a starved-air pri­
mary chamber with an oxygen-rich secondary chamber. The offgas is treated by
wet scrubbing. The output of this process is also a dry'ash.

A cyclone-drum incinera.tor is being 0l?erated at th.e"'MOund Facility, Miam­
isburg, Ohio. Contaminated laboratory waste" is burned' in' a vortex-type incin­
eratorinside a 55-gallon drum. The 'contaminated waste:may be handled both in
and out of the incinerator in the 55-gallon drums. The residue from the com­
bustible portion of this' process is aimost completely, oxidized.

. "', ' .'.,-

A fluidized-bErl incinerator is being deveiopedby'Rockwell International
at Rocky'Flats, Colorado~' Thi~ process feeds combustible material into a hot
fluidized bed of sodium carbonate. 'The hot air that" ;fl~idizes t.he bed pro­
vides inunediate ignition for combustibles, which are'burned. The ash is sep­
arated in a cyclone. '1\ second fluidized bed is used for complete'oxidation~
The residue is an 'ash collected in the cyclone separatbr. The sodium car';"
bonate provides in-situ neutralization of 'the hydrogen chloride and other
acidic gases formed during the oxidation. '

The molten-salt incinerator was developed by Atomics International for the
Idaho National Engineering Laboratory~ This process feeds finely divided
combustibles and noncombustibles, including metals, into a molten-salt bath.
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The combustibles immediately oxidize within the bath, and the ash is captured
there along with the metal oxides and other noncombustibles. When the bath is
fully loaded with noncombustible material, it is drained along with the cap­
tured incinerator residue. The sodium carbonate in the molten bath provides
in-situ neutralization of the acid gases formed during the oxidation process.

A controlled-air pyrolysis incinerator is being developed by E. Ie" du Pont
de Nemours.& Company, Inc., at Savannah River, South Carolina. This process
moves combustible material into a refractory-lined chamber heated to IOOOoC
by electric heaters. The oxygen is maintained below stoichiometric levels to
obtain flameless incineration. Under these conditions the volatile materials
are driven off and oxidized in an oxygen-rich secondary chamber. The prin­
cipal residue of this process is a char relatively high in carbon.

A commercial rotary-kiln incinerator, adapted for radioactive waste, is
under construction for the Rocky Flats Plant in Colorado. The contaminated
waste material is fed into the upper end of the rotary kiln and oxidized as
the kiln rotates. The dry ash is continuously removed from the bottom of the
kiln. The offgases are burned in an afterburner.

A slagging-process incinerator, installed at the CEN-SCK waste facility
in Mol, Belgium, is a commercial incinerator adapted for radioactive-waste
disposal. The waste material is shredded before being fed into a waste hopper
that surrounds the incineration chamber. As the waste material feeds into the
incineration chamber, it is oxidized, and .the noncombustible materials are
melted into a slag at 1600.oC. The slag output material dr ips continuously
from the hearth into a water quench tank below the incinerator. The output
material is a basaltlike glassy slag.

F.I.2 Processes for the Incineration of Commercial or Municipal Waste

The commercial controlled-air incinerator is similar to the ~adioactive­

waste unit~ it uses a "starved-air" primary combustion chamber process to
produce a low level of turbulence that minimizes the transfer of particulate
matter to the offgas. An oxygen-enriched secondary chamber with vigorous air
turbulence is used to completely oxidize the offgas.

Commercial fluidized-bed incinerators (FBIs), although similar in princi­
ple to the Rocky Flats FBI, are quite different. All commercial FBIs operate
at high temperatures and consequently use refractory linings. Physical sizes
and capacities are much larger. Usually the feed material they process ca~ be
in much larger chunks that need not be shredded as fine.

The commercial application of molten-salt incinerators is in the devel­
opment stage. The molten-salt incinerator developmental programs are in the
areas of coal gasification, flue-gas purification, etc. Production rates vary
from I to 3 metr ic tons per hour.

The commercial moving-grate is a common type of municipal solid-waste in­
cinerator or combustion system for waste-heat boilers, etc. This incinerator
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requires finely shredded combustible feed material with little foreign noncarn­
~ bustiblematerial. The maximum capacities of these units in tons per hour are

large.

The commercial multiple-hearth combustor is used frequently for incinerat­
ing municipal and industrial sludges, shredded solid wastes, etc. An advan­
tage of the multiple hearth is a long residence time in the incinerator and
varying temperature ranges for the individual hearths so that the top hearths
may be drying the waste, the middle hearths pyrolyzing the waste, the lower
hearths oxidizing the waste, and the bottom hearth cooling the waste. Because
the individual hearths are vertically ~bove each other, the units are effi­
cient in operation, utilizing ~ll the waste heat of combustion. The maximum
capacities of mUltiple-hearth units can be more than 100 tons per hour.

The commercial versions of the pyrolysis incinerators are operated more
nearly asa controlled-air process than as a pure pyrolysis process. These
units completely oxidize the pyrolysis char residue in the primary chamber to
provide a dry inert ash. A secondary combustion chamber oxidizes the tars and
other volatile products of pyrolysis.

The rotary kiln is another large-capacity, standard incinerator for com­
mercial or municipal waste. Rotary kilns are also used for hazardous-waste
incineration in which 55-gallon drums of material are directly fed into the
rotating kiln with little deleterious effect on the kiln lining.

The slagging-pyrolysis prcicess is a relatively new form of municipal-waste
incineration. The original objective of this process was to generate gas from
a pyrolysis zone that could be used as fuel for industrial or municipal opera­
tions. In this proceSs waste material is loaded into a vertical shaft cham­
ber. As the material descends, it passes through a drying zone, a pyrolysis
zone, an oxidation zone, and, finally, a slagging zone in the bottom of the
chamber. The hot gases driven 'off each zone rise and form the fuel for the
upper zones. In the pyrolysis zone, the volatile gases are collected; they
may be used as fuel in a stearn boiler or oxidized in an afterburner, with the
hot gases running to heat exchangers. The output of this process is a basalt­
like glassy slag that entraps the ash along with metals and noncombustibles in
the waste material.

F.2 IMMOBILI ZATION pRbcESSE~
'. .~ -I

Bitumen. Any form of waste residue may be encapsuiated in bitumen (as­
phalt) that can be handled by the bitumen mixer. This!process has been used
primarily for waste residues that are to be disposed o~ in the sea.

- !
• . '-.- . •• I

Cement. Hydraul1c cement may be used to stabll1zej ash, salt, or even
small pieces of metal and other noncombustibles,so'long.as these'materials
can be handled py the mixer. The cement with embeddedIwaste materials may be
cast into any desi-red form for handling. Steel reinforcements are used to
increase the strength of the packages.
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Ceramic. In this process, the waste material in the form of a calcine is
combined with glass frit to produce glass ceramics. For immobilizing 'high­
level waste, the output ceramic is embedded in a metal matrix for heat disper­
sion.

Clay. Radioactive waste in the form of sodium-salt solutions combines
chemically with clays to immobilize the waste. The clay may be formed into
bricks, which are fired at 700 to 900oC~ this firing decreases the leach
rate.

Glass (solution). Various waste materials may be combined with glass­
forming materials and melted at high temperatures. When the forms of the
output materials are finely ground ash, salts, oxides, or calcines, they dis­
solve and are dissOlved in the glass matrix.

Glass (encapsulation). Small pieces of metals and other noncombustible
materials are encapsulated in molten glass poured over them.

Metal matrix. Metals are used to stabilize the radioactive-waste materi­
als that are in the form of vitrified pellets or beads or in some other cal­
cined form. The principal advantages of the metal matrices are high impact
strength and high thermal conductivity.

Pellets. The radioactive material and ash are ground very finely and
mixed with high-alumina cement. This powder is then pressed into pellets and
sintered. The principal advantage of this process is that the concentration
of radioactive waste in the pellets (80%) is higher than that obtained with
other techniques. For example, in the glass-solution process the radioactive­
waste concentration is 50% at a maximum.

Plastic materials. A variety of resins and plastic materials have been
used as matrices to immobilize ash, salts, and oxides. These materials could
be used to stabilize small pieces of metal and noncombustibles. The primary
disadvantage is that these resins are combustible.

Salt cake. The cast salt cake taken directly from the output of the
molten-salt incinerator or the acid-digestion process adequately immobilizes
the fine ash material. However, the salt cake has a very high leach rate and
thus will not meet stabilization requirements.

Slag. The product of .the slagging incinerator is a granular basaltlike
glassy slag. Glass formers may be added to the waste-material feed in the
incinerator to improve the vitrified output.

REFERENCE

FMC Corporation, 1977. Selection of waste Treatment Process for Retrieved TRU
waste at Idaho National Engineering Laboratory, R-3689.
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Appendix G

MErHODS USED TO CALCULATE RADIATION OOSES
FROM RADIONUCLIDE RELEASES DURING OPERATION

G.1 INTRODUCTION

The radiation-dose calculations for radionuclide releases during operation
were performed with a modified version of the computer code AIROOS-II. Be­
cause excellent documentation describing the code and its input instructions
is available (Moore, 1977), this appendix only highlights the major features
of the code and outlines modifications made to the code.

Generally, AIROOS-II is primarily intended to calculate doses from a con­
tinuous release of radionuclides, but"with the proper adjustments of input
parameters, it can be used for a pulse release--that is, a release over a short
time that would resemble a release resulting from an accident. The unmodified
code calculates its own atmospheric-dilution factors (X/Q values): it was used
in Chapter 6 to calculate doses from transportation-accident releases. In cal­
culating doses from normal and accidental releases from the WIPP in Chapter 9,
site-specific X/Q values were desired. These values were obtained with the
integrated-puff model MESODIF, described in Appendix H, Section H.4. In order
to use these X/Q values, it was necessary to write a subroutine that allows the
direct input of X/Q'values into AIROOS-II.

The general flow of information in the code is indicated ~n Figure G-l.
The MAIN Subroutine drives the code as it differentiat~s,betweenuser options
and directs the logical calculation process. MAIN first calls either CONCEN
or COMPAG. CONCEN estimates ground-level air concentrations and surface­
deposition rate~. CONCEN cal~s QX, which. accounts for plume depletion over
the study area. COMPAG inputs previously calculated X/Q values and then cal­
culates surface-deposition rates. Once the concentrations and deposition
rates are calculated, MAIN: calls OOSE to compute the dose delivered to peo­
ple. OO'SE then calls OOSMIC', whicn simply provides a structured output of
DOSE results.

G.2 METEOROLOGICAL ROUTINE
, 1

The AIROOS-II code consists of two major calculation routines: the mete­
orological routine and the dose routine. The meteor6logiqal routine is based
on a dispersion model that considers plume rise, plume depletion, and an in­
version lid. The equation used to estimate plume dispersion is the Gaussian
plume equation of Pasquill, as modified by Gifford (i972"):
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CONCEN

Estimates ground-
level eir COncel-
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Figure G-1. Flow of information in the AIRD08-11 code.
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where

x =concentration in air at x meters downwind, y meters crosswind, and
z meters above the ground (pCi/m3)

Q = uniform emission rate from the stack (pCi/sec)
u = mean wind speed (m/sec)

a y = horizontal dispersion coefficient (m)
a z = vertical dispersion coefficient (m),
H = effective stapk height (physical stack height h plus the plume

rise dh) (m)
y = cro'sswind distance (m)
z = vertical distance (m)

For calculating ground-level concentrations, this equation may be reduced
to the following: '

The values of the dispersion coefficients are calculated from equations
developed b¥ G. A. Briggs of the National Oceanic and Atmospheric Administra­
tion. They are described in Table G-I for each pasqui11 category.

Table G-l. Formulas Recommended b¥ Briggsa for ay and az for Open-Country
Conditionsb

Pasquill
category

A
B
C
D
E
F

ay
(meters)

O.22d(1 + O.OOOld)-1/2
. O.16d(1 + O.OOOld)-l/2
O.lld(l + O.OOOld)-1/2
O.Oadel + O.OOOld)-1/2
O.06d(1 + O.OOOld)-l/2
O.04d(1 + O.OOOld)-1/2

az
(meters)

O.20d
O.l2d
O.Oad(1 + O.0002d)-l/2
O.06d(1 + O.OOlSd)-l/2
O.03d(1 + O.0003d)-1
O.OI6d(1 + O.0003d)-1

~. A. Briggs,_ Air R~S9urces Atmospheric Turbule~ce and Diffusion
Laboratory, National Oceanic and AtJilospheric~inis.t:ration, Oak Ridge,
Tennessee.

bThe quantity d is the downwind distance in meters.

In calculations performed for'the transportatio~-impactanalysis, a dis­
tributed source of finite size was representedby-an-upwind virtual point
source that produced a plume with dimensions matching the assumed height of
the distributed source (see Fig~re G-2). To match these dimensions, the
distance to the virtual source was calculated by simultaneously solving two
equations:

H=4.3 az "·

az =O.OI6d(1 + O.0003d)-l
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The first equation defines the distributed-source height, and the second de­
fines the standard deviation of the vertical distribution coefficient for type
F stability as indicated.above. The re~lUltant equation for the distance be­
tween the virtual source and the distributed source is

d(l + O.0003d)-l = l4.5H

The value of d is the virtual source distance for a source of height H.· Once
the distance of the virtual source from the actual distributed source is cal­
culated, the distance used in the diffusion equations is the sum of the dis­
tances x and d in Figure G-2.

The Rupp model for momentum-dominated plume rise is used. The Rupp equa­
tion for momentum-dominated plumes is

11 h =1. 5vd/u

where

6h =plume rise (m).
v = effluent stack-gas velocity (rn/sec)
d = inside stack diameter (m)
u = wind speed (m/sec)

As the plume extends in size, some of the particles it contains will be
deposited on the ground or on water surfaces by dry deposition or by scaveng­
ing. Dry deposition is a process by which particles are removed from the
plume at the ground surface by impingement, electrostatic attraction, or ch~m­

ical interaction with the ground cover or ground surface. The rate of dry
deposition is determined-by the following equation:

d

Distributed
source of height H

x ~
interest

Figure G-2. Virtual point source.
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where

Ra = surface-deposition rate (pCi/cm2-sec)
Vd = deposition velocity (cm/sec)

X = ground-level concentration in air (pCi/cm3)

Rain or snow scavenges particles in a plume by depositing them on the
ground. The rate of scavenging deposition is defined by

Rs = LepXva

where

RS =
L =
¢ =

Xva =

surface-deposition rate (pCi/cm2-sec)
lid height (cm)
scavenging coefficient (sec-I)
average concentration in vertical column up to lid height
(pCi/cm3 )

The AIRDOS-II code accounts for the effect of these depletion processes by
calculating a reduced release rate (source term) at each downwind distance and
by using this reduced release rate in place of the input source term. It also
accounts for depletion by radionuclide decay.

Often throughout a typical year, a stable air mass will reside above an
unstable one. This condition, commonly referred to as an atmospheric inver­
sion, produces a ceiling, or lid, above which a plume will not disperse.
Consequently, above the lid altitude no vertical dispersion will occur.
AIRDOS-II accounts for the increase in ground-level concentration by allowing
the user to input an inversion-lid altitude. The average concentration of
particulates is adjusted by means of this input parameter as is the surface­
deposition rate.

For releases from the WIPP, atmospheric-dilution factors (X/Q values) were
calculated by another code. Consequently, it was not necessary to use the
CONCEN subroutine. CONCEN was circumvented by writing COMPAG, which is a
subroutine that allows the direct input of concentrations into DOSE.

CalCUlations were also performed for releases of radioactive material from
the WIPP during accidents in order to determine the resultant dose to a maxi­
mally exposed individual at the site boundary. As discussed earlier, the
input was modified to accommodate an instantaneous release. To maximize the
site-boundary dose, it was assumed th~t the mixing depth was limited by the
worst-case lid height and that the individual exposed remains at the site
boundary for the duration of the passage of the plume. An elevated release
(momentum-dominated) based on the ventilation-system design was used for these
calculations. The site-boundary X/Q value used in the calculations is the
elevated equivalent of the 5% ground-level l-hour-duration X/Q value at the
boundary. In order to calculate the maximum site-boundary dose that could
result from accidents, the atmospheric dispersion was limited to a single wind
direction under· class Fconditions with a wind speed of 2 meters per second.
These conditions very nearly approximatethe~5%X/Q value at 5 kilometers from
the point of release.
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G-6

inhalation (rem/ILCi)

of the radionuclide in air (pCi/cm3)
= inhalation dose (rem/yr)
= ground-level concentration
= breathing rate (cm3/hr)
= dose-conversion factor for
= ILCi/pCi
= hr/yr

= air-immersion dose (rem/yr)
= ground-level concentration of the radionuclide in air (pCi/cm3)
= dose-conversion factor for immersion in an infinite cloud

(rem-cm3/ ILCi-hr)
= ILCi/pCi
= hr/yr

where

Dinh
X

Br
C'nh

1 0 101;;"0• x
8760

G.3 DOSE ROUTINE

The dose routine calculates the radiation dose delivered to people through
several major pathways. It considers internal exposure resulting from the
inhalation and ingestion of radionuclides and external exposure resulting from
immersion in air, immersion in water, and standing on contaminated surfaces.
The dose from the inhalation of radionuclides is estimated from the following
equation:

The "only parameter that is calculated by the code is the ground-level concen­
tration: the other values are user inputs. The analyses of normal and acci­
dental releases Were performed with the same dose routine bUt different user
inputs.

The dose from ingestion is calculated by using the terrestrial model of
Booth et ale (1971). The code considers radionuclide intake only through the
ingestion of vegetables, beef, and milk. It takes into account bo~h radio­
nuclides deposited on the surfaces of vegetables and those absorbed through
the root system: it does the same for grass in the beef- and milk-intake
pathways. General agricultural and demographic information must be input by
the user for ingestion-dose calculations.

A similar treatment is used for estimating doses that result from immer­
sion in water on which radionuclides have been allowed to deposit. This is

External doses from gamma radiation emitted by the radionuclides in the
plume are calculated as follows:

1.0 x 10-6
8760

Once"again, the code used calculated concentrations and user-input dose­
conversion factors.

where

L.......-~. __ . __ . _



seld6m a significant exposure pathway, but the dose contribution is calculated
from the equation

where

D .wJ.mm
= (1.0 x 10-6) (8760) Rt

d

1 - exp (-"'Tt)
(3600) (24)C .

wJ.mm
T

1.0

t

Cwimm

x 10-6
8760
3600

24

= water-immersion dose (rem/yr)
= surface-deposition rate (pCi/cm2-sec)
= depth of water (cm)
= radioactive-decay constant + environmental-decay constant for

water (day-I)
= time allotted for buildup in water (days)
= dose-conversion factor for immersion in a body of water of

infinite dimensions (rem-cm3/~Ci-hr)
= ~Ci/pCi

= hr/yr
= sec/hr
= hr/day

As can be seen in the equation, a shallow body of water makes a more signifi­
cant contribution to the resultant dose than does a deep body of water. The
deposition rate is calculated by the code~ the other parameters are input.

~he final pathway--exposure resulting from standing on a contaminated
surface--is evaluated by using the following equation:

where

Dsurf

6 1 - exp(-", t)
= (1.0 x 10- ) (8760)R

t
T

T
(3600) (24)C fsur

1.0

t

Csurf

x 10-6

8760
3600

24

= dose from surface exposure (rem/yr)
= surface-deposition rate (pCi/cm2-sec)
= radioactive-decay constant + environmental-decay

constant (day-I)
= time allotted for surface buildup (days)
= dose-conversion factor for surface exposure to an

infinite plane at a point 1 m above the ground (rem-cm2/~Ci-hr)
= ~Ci/pCi

= hr/yr
= sec/hr
= hr/day

The expression

1 - exp(-", t)
T

T

G-7

(3600) (24)



represents the surface concentration after time t in days. The value of t used
in analyses for the WIPP was a conservative 15 years. The deposition rate is
calculated py the code, and the other parameters are input by the user.

G.4 INPUT DATA

Input data for the WIPP analyses performed with AIRDOS-II were obtained
from published documents and interviews with county agents. These sources are
listed py category in Table G-2.
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Table G-2. Sources of Input Data for the Analyses

Category Source

Meteorological data
Scavenging coefficients

Physical and dUnensional data

Radiological data
Decay constants
Biological decay constants

Dose-conversion factors
External exposure
Internal exposure

Biological data

Living patterns

G-9

Appendix H, Section H.4
Moore, 1977
NCRP, 1975

Chapter 8 and the WIPP conceptual
design (as of December 1978)

Lederer, 1967
Ng et al., 1968
NRC, 1977a
Killough et al., 1976
Moore, 1977
NRC, 1977a

NRC, 1977b
Wolfe et al., 1977
Killough et al., 1976
Ng et al., 1968
Discussions with

Lea County Agent, R. Henard,
January 25, 1978, and
January 18, 1979

Eddy County Agent, D. Liesner,
January 26, 1978, and
January 19, 1979

NRC, 1977b
Discussions with

Lea County Agent, R. Henard,
January 25, 1978, and
January 18, 1979

Eddy County Agent, D. Liesner,
January 26, 1978, and
January 19, 1979
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Appendix H

DESCRIPTION OF THE LOS MEDANOS SITE

H.l SCENIC, HISTORIC, AND CULTURAL RESOURCES

H.l.l General Appearance

The Los Medanos site* in Eddy County, New Mexico, is covered with vege­
tation characteristic of semiarid climates. The land is used for ranching,
and cattle are often to be s~en. Ranch buildings are miles apart~ in between
there are a few windmills, several stock-watering tanks, and an occasional
drilling rig. There are many roads in the area, the better ones surfaced with
caliche, the poorer ones often little more than tracks in the sand. The most
noticeable man-made features are the potash mines and processing plants, the
latter with large buildings and stacks. Their emissions often create a haze
heavy enough locally to block the view of the mountains 40 to 60 miles to the
west.

The overall scenic quality of the study area was evaluated in April 1975
by the Bureau of Land Management (BLM) for an environmental analysis related
to potash leasing (BLM, 1975). The Bureau has a standard quality-evaluation
scoring system that takes into account landform, color, water, vegetation,
uniqueness, and intrusions. On a scale of 1 to 24, with 24 high, the scores
from 16 observation points about the study area averaged 8.3 + 2.9. (The same
BLM scoring system applied to the center of the WIPP site resulted in a score
of 8.) Only one of the 16 observation points received a rating as high as l5~

it was a view from New Mexico highway 31 of a salt lake in the lower end of
Nash Draw. This observation point is 13 miles west-southwest of the site.

H.1.2 History

The State of New Mexico has an extensive history of Spanish exploration
and settlement, dating from the reconnaissance of Marcos de Niza in 1539,
which was sparked by reports brought to Mexico by Cabeza'de Vaca, telling of
enormous wealth in the land to the north. De Vaca himself probably passed
through New Mexico near present-day Carlsbad in 1534 or 1535. However, most
Spanish exploration arid settlement took place in the Rio Grande valley to the
west. The next entry of Spaniards into 'southeastern New Mexico Was in 1583,
when an expedition led by Anton'io de Espejo traveled down the Pecos River on
the way back from the north. In 1590, an expedition led by Gaspar Castano de
Sosa traveled north up the Pecos to the village of Pecos and then turned west
to the Rio Grande. . '

. , .

For almost three centuries after de Sosa passed through the area, there
were only two significant recorded entries by white men. The fi~st was in
1775, when Cornrnandant-General Hugh O'Conor conducted military campaigns

*In this appendix the terms "Los Medanos site" and "WIPP site" are
synonymous.
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aga'inst', the ·Apaches in the Pecos Valley. Tl1e second occurred in 1854, when
Brevet Captain John Pope conducted a survey of a possible route for a railroad
to the Pacific through southern New Mexico.

H.l.3 Registered Historic Sites

The WIPP site contains no sites listed by the National or the State Reg­
ister of Historic Sites. There are, however, historic sites in ,the vicinity
of the site. Nine miles south-southwest is the Project Gnome site, which is
presently undergoing the nomination procedure. It was the site of the first
underground nuclear detonation (December 1961) of the Plowshare program, the
ABC's program of search for nonmilitary uses of nuclear explosions. North of
the site two areas believed to be of National Register quality are also under­
going the nqmination procedure: Laguna Plata, 15 miles north, and Maroon
Cliffs, 11.5 miles northwest of the center of the site. Another site being
nominated is pope's Wells, near the State line 20 to 26 miles to the south.

Nearby sites now on the State Register include Rattlesnake Draw, Monument
Springs, the Lusk Ranch, and Boot Hill (listed as the Red Tank Archaeological
Site), all on private land. Rattlesnake Draw is said to contain the best
stratigraphlc sequences found to date in southeastern New Mexico. Monument
Springs consists of pit-house ruins and a large midden. The Lusk Ranch is the
site of a mammoth-bison kill dating from 9000 B.C. Boot Hill dates from A.D.
900-1300 and contains a series of Jornada Mogollon pit houses.

Table H-l list9 the sites on the State Register of Cultural Properties
that are within 30 miles of the WIPP site~ these sites are recorded in the
office of the State Historic Preservation Officer. Table H-2 lists similar
sites identified in a survey of historic engineering sites. Most of the lat­
ter have not been evaluated for registration purposes.

H.l.4 Settlement

Aboriginally, the study area was inhabited by wandering bands of American
Indians, predominantly Lipan Apaches. Occasional parties of Mescalero
~paches" Comanches, and Kiowas probably crossed the area on hunting or raiding
forays. With the coming of the cattlemen, there were occasional encounters
~~t,ween whit~, men and Indians, but these were infrequent, and by the 1880s
Indians were no longer a significant presence in the Pecos area. Today the
riea~est group of Indians is the Mescalero Apaches 100 miles to the northwest.

, \ Ownership of New Mexico changed from Spain to the Republic of Mexico in
1821, and from Mexico to the United States in 1848. Southeastern New Mexico
played no part in these changes other than being a small portion of large
tracts of land changing hands.

It was the coming' of the cattlemen, led by Charles Goodnight and Oliver
Loving in 1866, that started the modern development of southeastern New Mex­
ico. When the Army and the Indian Bureau called for bids to furnish beef
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Table H-l. Sites on the State Register of Cultural properties Within 30,Miles .
of the WIPP Site

Distance
Listing Name (miles)

007 Carlsbad Reclamation Project, Carlsbada,b 25
280 Eddy & Bissell Livestock Company

headquarters, Carlsbad 25
208 Eddy National Bank, Carlsbada 25
472 Hagerman House, Carlsbad 25
557 Lake Avalon, 4 miles north of Carlsbad 28
159 Lusk Ranch site, 20 miles east and 12 miles

north of Carlsbad 15
474 Phenix Adobe, Carlsbad 25
240 Pope's Wells Site, 8 miles east of the

confluence of the Delaware and Pecos Rivers 24
567 Original potash bullwheel, 10 miles southeast

of Carlsbad 19
168 Red Tank Archaeological Site (Boot Hill),

5 miles north and 7 miles west of Maljamar 39c
167 Rattlesnake Draw Site, 12 miles west and

3 miles south of Buckeye 28
162 Monument Springs Site, 4 miles west of Monument 32c

aListed on the National Register of Historic Places.
~ational Historic Landmark.
cIncluded in table because mentioned in text.

Direction

W

W
W
W
WNW

N
W

S

WSW

N

N
NE

for the Navajos and Mescalero Apaches who had been forced onto a reservation
at Fort Sumner, New Mexico, loea,l ranchers and farmers could not meet the
demand. Goodnight and Loving drove a mixed herd of Texas cattle across the
southern part of the Llano Estacado and up the Pecos River to Fort Sumner. In
the next year John Simpson Chisum followed the Goodnight-Loving trail with
another herd. When the contractors would not accept' cows with calves, Chisum
placed these unacceptable cattle on the range, ,south of Fort Sumner. Event­
ually, with the addition of unacceptable, c~t~le. fro~ subsequent drives, Chisum
had cattle grazing alQng the Pecos,R~ver·~ll; the. way to the Texas border.
Trading posts catering to ~e needs,of the cowboys were. established, and set­
tlement of southeastern New Mexico. was. ~egun. One such trading post was lo­
cated near the present-day, town. of Mal:aga, south of. Carlsbad. .

In 1888, another cattleman, Charles Bishop Eddy, founded the Pecos Valley
Land and Ditch Company to. build irrigation ditches_9nd ca~als. Carlsbad was
founded in l88~ as the town,of Eddy.

,
The twentieth century in southeastern New ~exico has seen the development

of other industries. ',-The ,ijammond ·well,. and later the .Brown well, produced oil
near Artesia in 1909~ oil and ·gas development started in earnest in Lea County
and adjacent Texas in 1934. ,Oil d~illing led to the discovery of potash in
1925, and the commercial exploitation of these resources began in 1931. Min­
ing is now the principal industry of Eddy County.
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Table H-2~ , Sites Identified by the State Histor ic Engineering Sites Survey
, , Within 30 Miles of the WIPP Site

Distance,-
from WIPP

Listing Name Date site (miles) Direction

350io. Lake Avalon "(CRP) a-c 1891 28 WNW
"3$039 Carlsbad Water Works 1920 25 W
'35151, Carlsbad Irrigation Distri~t 1903 25 W

Flumea',d
"35,155 ' Carlsbad Municipal Building 1955 25 W

35287, 'Un i ted Salt Supply 1937
,35365 " Pecos River Railroad Bridge ca. 1900 36 NW
35421 Salt Draw Bridge 1932 19 SW

)5447 Six Mile Dam 1920 19 W
'3S4~2 ' Tansill·Dam 1888 25 W

,;~5515 Judkins Mill 1900
, "/'35539" Harroun Dam 1930 16 WSW

':35441 "
' ,

RailroadPecos River Br idge, 1940 25 W
Carlsbad

,35~17 Southern Main Canale; 1906 25 W
35618 ' East Canalc 1906 25 W

.. j~'677 Black, River Canalc ca. 1890 17 SW

aListed on the State Register.
bNational Historic Landmark.
Cpart oithe Carlsbad Reclamation Project.
dListe.d on the National Register of Historic Places.

H.l.5 'Archaeology

'" :Little' archaeological research, has been done in southeastern New Mexico.
'Interest has ,instead, tehded to focus on areas to the north and west, partly
.Q.ec:auseof, the m6respectacular ruins there-':"such as Chaco Canyon and Mesa
Verde~-andpartly b~cause of the possibility of relating these ruins to the

pr'esentpuebleY Indians.' These northern areas were felt to be the major cul­
'tural centers, whereas southeastern New Mexico has been regarded as a less

"'fruitfful area for investigation than areas to the north and west. More re­
cently, hoW:ever~ the marginal nature of the southeastern environment has been

. '", 'recognized as offer ing opportunities' for studies on the relationship between
env~ronIl1ent and cultl,lre.

,Studies by Mera (1943) ,Lehmer (1948), and Jelinek (1967) are the three
basicsout:ces of information on the archaeology of southeastern New Mexico.
'Lehmer sy~thesized the knowledge of the archaeology of the area and incor­
potatedMera's data to define what he called the Jorn'ada branch of Mogollon
culture. This did not include the more easterly portions of southern New
Mexico or the area of the WIPPsite. Jelinek conducted a survey of the Pecos
Valley nOrth of Roswell. The earliest phase he identified, his "Early 18
Mile" (A.D~ 800 to 900), was generally' similar to late Archaic. The area
appears to have been abandoned for some time after the mid-14th century. The
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studies of Lehmer and Jelinek and later field observations in Lea and Eddy
Counties have led to the extension qt:,~he,boundariesof Lehmer's Jornada
Mogollon to include the rest of southeastern New Mexico.

Sites in southeastern New Mexico are generally classified as Paleo-Indian
(before 500 B.C.), Archaic (500 B.C. to A.D. 950), Jornada Mogollon (A.D. 950
to 1400), or Historic (since A.D. 1400). The Jornada Mogollon, being particu­
larly rich in sites and in pottery types, has been subdivided by several au­
thors (Figure H-l). Lehmer's classification, as the names he used imply, was
based on work considerably to the west of the site area~ Jelinek's, on work on
the middle Pecos River valley to the north of the site. Corley's classifica­
tion (1965) is based on work nearer the site. Corley, in fact, saw the Jornada
Mogollon as having three' regional variants: Lehmer's north and south, and his
own eastern variant.

Various groups of expert amateurs, especially the Lea County Archaeologi­
cal Society, have been active in the excavation, survey, and publication of
the archaeological values of southeastern New Mexico. Contract archaeological
firms have also been active in the Carlsbad Potash District immediately west
and north of the WIPP study area.

A Bureau of Land Management study (BLM,1975, p. II-254) has estimated the
density of archaeological sites in the potash areas, using data gathered by
the Eastern New Mexico University (ENMU) on a survey to the north and projec­
tions made by Schaafsma (1975) from similar areas elsewhere iri New Mexico. It
concluded that the "site densities within the potash basin may be expected to
range between 12 and 15 sites per square mile. The majority of sites will be
located in dunes, on cliffs, in close proximity to playas, or a combination of
these. The majority of sites will be of the Archaic and Jornada Mogollon time
periods, with pithouses and surface structures not uncommon." Earlier, the
Buteau, drawing on Schaafsma (1975), indicated that, at a density of 12 sites
per square mile, one site would be Paleo-Indian, ten would be Archaic, and one
would be Jornada Mogollon. The Bureau's own partial survey indicated more
Jornada Mogollon than Archaic sites, with the reason for the discrepancy un­
known, though possibly "a result of reporting biases."

Prehistor ic dwellings are rare inso.utheastern New Mexico. Until recently,
the known dwellings nearest to the WIPPsi tewere those at Maroon Cliffs, 11. 5
miles n<:;>rthwest. The presence of pithoJ.lses.hasnot been confirmed there, but
year-round occupation is suggested by adeep.midden.recently excavated by the
ENMU. The Lea County Archaeological Spciety:r.eported .pithouses at Laguna
Plata, 15 miles north, though,J. L. Haskell (ENMU ,. per-sonaL communication,
1977) questions its conclusions•..The nearest confirmed: .pit houses are. at the
Marchant site (southwest of HobJ;>s and about. 18 lniles east of the ,site) , exca­
vated by the Lea County Archaeological SOCiety. in the 1960.s (Leslie, 1965).

In the summer of 1976, the ENMU·surv~yed.thecentral 4.sqtiare miles of the
WIPP site, including all.of control zones I.and. II· (site~.ENM .10201 t.hrough
ENM 10246 in Figure H-2). They found:. 64 isolated .artifact sites and 33 archae­
ological sites (three outside the 4 squ,ar.e., miles). The latter were taken to
be localities that' had'been used ,and oc:cupfed by'prehistoric man. One such
site, with a metate, is shown in Figure,H~3.

The number of archaeological sites corresponds to an average density of
7.5 per square mile; significantly fewer than the Bureau of Land MAnagement
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Figure H-1. Classification of archaeological sites according to various
authorities.

had inferred from earlier surveys. The ENMU classified the 33 sites according
to 'a scale defined by the School of American Research: Task Locus, Special
Activity Zone, Limited Base, Home Base, Central Base, and Occupation Zone.
By this scale, twenty-seven of the sites (including the one shown in Figure
H-3) . are Task Locuses and the remaining six are Special Activity Zones. No
pit houses, permanent structures, or other indications of heavy use were found
at ~that time. (As indicated below, some have been found since.)

The main conclusions of the ENMU at that time were as follows (Nielsen,
1976, p. 23):

Cultural resources are remarkably uniform across the area.
Groundstone consists of wedge-shaped manos, and oval-shaped me­
tates. Although few in number, potsherds belong to the El Paso
Brown, Jornada Brown, and Chupadero Black-on-White types, which
date between A.D. 900-1300. These resources are tied to the
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Figure H-3. Overview of an archaeological site looking toward the east (top)
and oval basin metate (bottom).
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Jornada Branch of the Mogollon. Of the seven projectile points
found, one was from the Archaic period (4000 B.C. to A.D. 500).
The others were probably of Jornada Mogollon authorship. • • •
Hearths were often noted, with their presence being'ihdicated
either by a dark stain in the soil, or by a scatter of burned
caliche or sandstone.

It is believed that the area was occupied seasonally by
hunting/gathering bands. The prime resources are acorns, mes­
quite beans, rabbit, and deer. Owing to the relatively la~ge

number of groundstone fragments, it seems likely that these
acorns and mesquite beans were probably primary resources of
these people.

As a result of these surveys, and at the instance of Thomas S. Merlan,
State Historic Preservation Officer, the WIPP site has been declared eligible
for nomination aS,an archaeological district (Appendix I) because the 33 sites
located in the first archaeological survey,when taken together, are con­
sidered likely to yield significant information on prehistoric occupation.
Subsequent surveys have turned up two prehistoric structures, thus adding to
interest in the area. These structures are described below•. ,

Continued site investigation has so far (June 1980) required building
about 30 miles of new road, drilling, 56 hoies or hole complexes, installing a
meteorological tower, running 156 miles of off-road seismic lines, and making
about 9000 off-road resistivity measurements. Much of this work was outside
the original 4 square miles surveyed in 1976 and required archaeological clear­
ance. ,In addition, surveys were made of the rights-of-way for the two access
roads and for the railroad. In the process, 15 new sites were discovered,
eight of them Special Activity Areas. Also found were two structures and one
possible structure.

On the other hand, in the areas where the new surveys overlapped the orig­
inal one, eight of the previous sites could no longer be found. In mid-1978,
a survey was made for a seismic line along the northern edge of the original
4 square miles. Schermer (1978, pp. 17-18) reports that "three previously de­
scribed sites lie along this corr idoJ;".. • ••. Of these sites, ENM 10222 and
ENM 10239 were not encountered during this survey al~hough the areas in which
they are supposedly 1c::>Catedwere suryeyed. Thes~ (ire~s have been previously
impacted, and the sites may have been destroyed.-". On. the right-of-way for the
south access road, six sites (ENM,l0206, ENM 10207, ENM 10208, ENM10209, ENM
10211, and ENM 10212) could no longer be found. 'Of thein, M~cLenn~and Scher­
mer (1979, pp. 6-7) say that "during both' the August, 1978, seismic survey
(Schermer, 1978) and this reconnaissance,'these sites' could not be relocated.
Due to the extremely low artifact density within these sites and to the exten­
sive activity in this area, ACA the Agency for Conservation Archaeology of
ENMU feels that these sites either do not exist or are not identifiable."

The first of the three structures was found on an extension of a site
identified earlier outside the original 4 square miles (Schermer, 1978, pp.
13-14). His description of the site is as follows:

ENM 10230 is a massive site which follows the southwest face
~ of a ridge for more than 1/4 mile. The site is shaped roughly

H-9



like a. boot • • • • The ridge top and area inunediate1y sur­
rounding the site are occupied by moderately large dunes (up to
3 m high). The majority of the site area is covered by a dense
lithic and ceramic scatter with evidence of numerous hearths.
Lithic materials include primary and secondary decortication
flakes, bifaces, utilized flakes, and numerous ground stone
fragments. Ceramics include Jornado Brown, Carlsbad Brown,
Chupadero Black-on-White, and an unidentified red-on-brown ware.

The most important addition to the description of this site
is the location of at least one room block. The room block is
an L-shaped sandstone foundation which measures 8.5 x 7.6 meters.
The structure consists of at least four rooms • • • • The foun­
dation is located five to eight ft below the crest of the ridge
and on the southwest face. In addition to this structure, two
more possible structures were located further north. These

- areas contain rectangular concentrations of small fragments of
9aliche, approximately 3 to 5 m square. Concentrations of cali­
che as described above also occur at ENM 10229 and ENM 10407.

The second of these structures (ENM 10408) is in a newly discovered site
well outside the original 4 square miles. Of it, Schermer (1978, p. 16) says
only that "the site consists of a rectilinear concentration of caliche which
appears to be the remains of a three to four room jacal structure. The struc­
ture appears to have measured 3 x 5 meters. Several metate fragments occur in
the surrounding area."

Finally, another possible structure was reported in the southeast corner
of Section 17, just Qutside the original 4 square miles (Schermer 1978, p.
18). However, it has since been established that this s~te is a modern camp­
site established by field workers for the WIPP biology program.

Areas not yet surveyed archaeologically include most of control zones III
and IV as well as the rights-of-way for the electric-power line from the
northwest and for the water line to the north of U.S. Highway 62/180.

In summary, the area of the WIPP site seems to have been lightly
vasively used by pre-Western man. It is not unique but is much,like
roundings. Indeed, the number of sites so far found is considerably
than would be inferred from the Bureau of Land Management estimates.
principally of interest archaeologically for the light it might shed
man can live in a marginal environment.

H-lO

but per­
its sur­
smaller
It is

on how



. H~ 2 POPULATION

H.2.1 PopUlation Trends and Distribution

",
In 1912, when New Mexico became a state, Eddy County contained approxi-

mately 9600 people~ Between 1920 and 1930 the population grew to 15,842.
After the start of potash mining in 1931, the population increased again
(24,311 persons in 1940) and continued to grow from 1940 to 1960, principally
because of the mining operations.' By 1960 the population had reached 50,783
(BBER, 1962). After'1960 the ,potash industry in the area became'severely de­
pressed, and the population dropped to 41,119 by 1970. Since 1970 the econ­
omyof the area has improved, and the population has again increased. The
1979 population estimate compiled for this report shows that Eddy County had
48,200 inhabitants, an increase of approximately 7100 people over the 1970
Census figure. Since 1931 the population has fluctuated basically with activ­
ity in the potash-mining industry~' Thecouryty contains four municipalities:
Artesia, Carlsbad, Loving, and Hope. Carlsbad, the largest, had an estimated
28,600 inhabitants in mid-1979, up from the 25,541 in 1960 and 21~297 in 1970
(Table H-3).

Lea County was organized in 1917 from parts of Chaves and Eddy Counties
and had 3545 residents in 1920. Oil exploration, begun in southeastern New
Mexico in 1924, brought substantial growth: by 1930 the popil'ration had in­
creased to 6144 and by 1940 had more than tripled to 2r',154~ Continued growth
raised the population to 53,429 in 196q (BBER, 1962). Between 1960 and 1970
Lea County sustained a population decrease of approximately 7.3%, owing mainly
to decreased oil and gas exploration or production (USDC, 1970a). After 1970
the population increased from 49,554 to 57,500 in mid-1979 (Adcock, 1979).
Most of the growth was related to increased activity in the oil and gas indus­
try after 1973. Lea County has five municipalities: HobbS, Lovington, Eunice,

Table H-3.~opulation in Eddy and Lea Counties: 1960-1979
\

"'\53,429, 49,554 57,500
. ""~,531 2,641. 2,550
,;.26:275--:- __ "':£~LQ~~ ~~,600 '

4,133' 3;241' 2,700
~,~6~, ~,915 9i500
1,168 982 900

Popu1ati~o~n~ ~.

19700 1979c

,
"

Location Distance from sitea (miles)
Air Road,

Eddy County NA NA
Artesia 47 64
Carlsbad 26 33
Loving 18 23
Hope 61 80

Lea County NA NA
Eunice 35 49
Hobbs 41 51
Jal 37 47
Lovington 45' 55
Tatum 64 77

"'.
50,783'[ ,
12,000 \
25,541;' .
, i,,646',.

- 108'

41',119
~ 10 ~315

.21';297
~,:L9~

90

47,300
10,950
28,600
1,600

190

aDistance rounded to the nearest mile; NA = not applicable.
bnata from USDC (1970b).
CData from Adcock (1979).
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Ja1, and Tatum (Table H-3). Hobbs, the largest incorporated place in the
county, had an estimated 1979 population of 32,600.

Both counties are fairly homogeneous racially and ethnically (Table H-4),
with a relatively small Spanish-origin ethnic group (statewide average
30.3%). The American Indian population is also relatively low: 0.3%, or 258
individuals in 1970 (statewide average 7.2%) (USDC, 1970c).

The age distribution of the population in the two-county area differs
slightly between the counties, as well as between New Mexico as a whole and
the United States. In both Eddy and Lea Counties the median age (27.2 and
25.9, respectively) is below that of the United States as a whole but signifi­
cantly above New Mexico's median age of only 23.9 years in 1970. The popula­
tion of Carlsbad has a relatively low percentage in the less-than-20 age group
and a relatively high percentage in the over-50 age group (39.4% and 26.7%,
respectively). The number of residents who are 65 or older is significantly
higher in Carlsbad than the statewide average and the average for either Eddy
or Lea County. An active program to attract retirees is supported by the
Carlsbad area. The median age in Hobbs (25.5 years) is lower than that in
Carlsbad (29.4 years) (Table H-5).

Table H-4. Characteristics of the Population in Eddy and
Lea Countiesa

Percentage of populationb
Character istic Eddy County Lea County

Race
White 97.1 93.7
Black 2.2 5.3
Other 0.7 1.1
Spanish origin or descent 25.4 10.9

Residence
Urban 76.9 81.1
Rural, nonfarm 18.1 15.1
Rural, farm 5.0 3.8

aData from USDC (1970c).
bpercentages may not add to 100.00% because of rounding

errors.

Net-population-migration figures indicate significant changes during the
last few years. In the 1960-70 period the two-county area was somewhat de­
pressed because of reduced hydrocarbon exploration and potash mining. As a

\ \ result, Eddy County experienced a net loss of more than 11,000 individuals
during a 5-year period and Lea County a loss of approximately 5200 (USDC,
1977). Since the 1970 Census, however, there has been a significant change in
the net migration trend, with both counties showing a reversal: Eddy County
received a net migration gain of 3700 during 1970-79 and Lea County a net gain
of 2100 (Adcock, 1979).
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Table H-5. Percentage Age Distribution of population (1970 Census)a

~ Percentage age distribution
United New Eddy Lea

Age States Mexico County County Carlsbad Hobbs

Under 5 8.5 9.5 8.2 9.0 8.2 9.4
5-14 20.1 23.8 22.3 22.8 20.8 22.8

15-19 9.4 10.4 10.9 10.7 10.4 ,10.5
20-29 14.5 14.6 11.3 12.5 11.2 13 .0
30-39 11.1 11.6 10.5 12.7 9.9 12.9
40-49 11.8 11.0 12.0 13.4 12.6 12.9
50-59 10.4 8.9 11.3 9.9 12.1 9.6
60-64 4.3 3.4 4.5 3.6 4.9 3.6
65+ 9.9 6.9 8.8 5.4 9.7 5.3

Median age 28.1 23.9 27.2 25.9 29.4 25.5

aData from USDC (1970a).

Although net migration during the last 9 years has been positive, major
growth in the two counties has been caused by natural increase' (births minus
deaths): about 3400 persons in Eddy County and 5800 persons in Lea County, or
about 1.5 times the growth caused by in-migration (Adcock, 1979).

PopUlation densities in the two counties are relatively low but slightly
higher than the 1979 statewide average of about 10.1 persons per square mile.
The popUlation density in Eddy County was 9.9 in 1970 and is now approximately
11.6 persons per square mile. The population density in Lea County was 11.3
in 1970 and is now estimated at 13.1 persons per square mile. It should be
noted that the density figures are somewhat misleading because most of the pop­
ulation in Eddy County live in Carlsbad and Artesia. In Lea County slightly
fewer than 85% of the total population live in four urban places. Thus, except
for the six urban places, the two-county area is very sparsely populated (USDC,
1970b, Adcock, 1979).

, . . .
Within 10 miles of the site, there'are currently ],6' permanent residents

I "

and three commercial mining operations (Figure H-4) with a total daytime em-
ployment of about 650 persons and considerably smailei'swing s~ifts and night
shifts (Adcock, 1979). - "

Within 50 miles of th~ site (Figure H-5) there, were more than 102,000 in­
habitants in 1979 (Table H-6). Th~ major popuia~i'on centers are listed in
Table H-3.

Population projections to the year: 2010 are prel?ented' in Appendix.M. From
1980 to 2010 Eddy County is projected to grow at a compound annual ,rate of
1.7% and Carlsbad at an annual rate of just more than 1.8%. Lea County growth
for the 30-year period is approximately 1~3% per year, and the projected
annual growth rate for Hobbs is about 1.4% (Adcock, 1979).
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A Kerr-McGee plant and mine: 151 employees (maximum), day shift

B International Minerals and Chemical Corporation: 450 employees (maximum); day shift

C Duval Corporation (Nash Draw Mine): 46 employees (maximum), day shift

o James Ranch: six permanent residents (six seasonal part-time employees)

E Smith (Cr,aWtord) Ranch: seven permanent residents (18 seasonal part-time)

F Pue's Store: three permanent residents

Figure H-4. Population within a 10-mile radius of the site.

Demographic changes

Few demographic changes areexp~ted within 10 miles of the site in the
foreseeable future.' Interviews with ranch owners and managers indicate that
one ranch house is eXpected to be built in the next 5 years, at the Mobley
ranch just south of,NM 128, approximately 8 miles west-southwest of the center
of the site (Figure H-4).

One other demographic change may occur north-northeast of the site, just
outside the 10-mile radius. A small trailer park (approximately 20 units) is
being built in and around the commercial establishment now known as the Half­
way Bar. Future plans for further trailer-park development are reported to be
partially contingent on the construction of the WIPP (Adcock, 1979).

The population of workers at various mining ope~ations in the 10-mile ra­
diusmay vary from one period to another. During 1960-1970, the employment
level dropped significan~ly because of a decreased demand for potash produced
in the Carlsbad area. Potash production now appears to have stabilized, at
least for the near future. This work force is not expected to change signif­
icantly in the next few years.
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Figure H-5. Area covered by a 50-mile radius of the site.

Maintenance workers for oil and gas wells are transients in the area. The
number of active oil and gas wells in Eddy County has been increasing during
the past few years, and there are many active wells within 10 miles of the
site. Although the average number of workers in the area is not known, it is
not expected to increase significantly during the next few years.

H.2.2 Social Characteristics
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Sociocultural conditions

Table H-6. 1979 Resident Population Within 50 Miles of the Sitea,b

Total

260
5,695
8,760

33,490
3,415
3,345

75
75
95

145
140

2,065
31,925

310
12,170

280

102,245

25
5,610
8,660

33,200
155
295

30
40
15
15
45
65
35
50

12,055
10

60,305

175
55
75

205
3,240
3,035

25
10
55
90
10
50
40
55
65

220

7,440

41,940 102,245

Distance from site (miles)

0 35 25
0 25 ·5
0 0 25
0 15 70
0 5 15
0 5 10
0 5 15
0 0 25
0 5 15
0 5 30
0 55 30
0 1750 200
0 70 31,780

10 5 190
0 30 20
0 15 5

10 2025 32,460

16 2040 34,500

5-10 10-20 20-30 30-40 40-50

6

o
o
o
o
o
o
o
o
o
6
o
o
o
o
o
o

0-5

-6

Sector

North
North-northeast
Northeast
East-northeast
East
East-southeast
Southeast
South-southeast
South
South-southwest
Southwest
West-southwest
West
West-northwest
Northwest
North-northwest

apopulation estimated by Adcock and Associates (1977-1979).
bFigures for all areas beyond the 10-mile radius have been rounded to the

nearest 5.

Five unions are represented in Eddy and Lea Counties (Table H-IO); the
largest is the United Steeh;/orkers Union. Four unions have local headquarters
in Eddy County.

During September and October 1979, unstructured discussions were held wi.th
approximately 200 persons in the Carlsbad area. A number of general topics
were covered in an attempt to determine the sociocultural attitudes of resi­
dents in the general area of the WIPP. The persons interviewed were asked to
describe their feelings about their local communities and various issues re- .:
lated to the quality of life in the area. The topics of discussion included ~

attachment to the community, political processes, and land use.

mately 9% were self-employed, and 1% were unpaid family workers. In Lea County
a slightly larger proportion of wage and salary workers were in the private
sector and a correspondingly smaller proportion (12%) were in the government
sector (USDC, 1970b, 1975-1979).

Radius total

Cumulative total

A large proportion of employed workers are blue collar (craftsmen and fore­
men, operatives, nonfarm laborers, and farm laborers), with 45% of Eddy County
workers and 49% of Lea County workers belonging in this 9ategory in 1970 (USDC,
1970b). Data on earnings, poverty, and employment are given in Tables H-7,
H-B, and H-9.



Table H-7. Median Earnings by Occupation, Ethnic Group, and Sex, Eddy and
Lea Counties, 1969a

~ Median earnings
Eddy County Lea County

Occupation All groups Spanish Black All groups Spanish Black

Males 16 and older
with earnings $7068 $4286 $4820 $7695 $4883 $4225

Professional, managers 9158 4808 9909 8000
Crafts, foremen 8050 6667 4375 8127 6085 5211
Operatives 7244 5019 7078 7629 4477 4853
Nonfarm labor 4297 3306 5469 3793 3800 3500
Farmers and managers 6729 5533 4944
Farm laborers and

foremen 2960 2871 3608 3350

Females 16 and
older with earnings $2810 $1596 $ 994 $2707 $1435 $1066

Clerical 3551 2575 3551 1875
Operatives 1241 830 2079 848 875

aOata from USDC (1970c).

Table H-8. Income and Poverty Status of Families by Ethnic
Group and Sex of Household Head, Eddy and Lea
Counties, 1969a

Families with income
below poverty level

Percentage of all fa~i1ies

Eddy County Lea County

All families
Spanish
Black
Families with female head

aOata from USDC (1979c).

17.8
41.5
24.4
50.0

12.5
31.5
50.7
47.0

A clear majority of the interviewees rated the Carlsbad area as an above­
average area in which to live. ,Their"reasons included climate, the friend-,
liness of residents, access .'to r'ecreational facilities, and the rtira1 nature
of the area. Those rating' it average "or below average cited excessive heat,
high living costs, a lack of ~d~quate..:.commer'ce, and a dearth of cult.ura1 amen-
ities as reasons. '.'

A significant majority of'. those' interviewed expressed a sense of belonging
to the comm~nity, but a small percentage felt that they were excluded from the
political process. Some people voiced concern about racial or ethnic re1ation­

~ShiPS' though most interviewees suggested that the problem was less serious now
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Table H-9. Employment Distribution by Industry, Sex, and Ethnic Group, Eddy and Lea Counties, 1969a

Distribution (%) in Eddy County Distribution (%) in Lea County
Industry Total Male Female Spanish Black Total Male Female Spanish Black

TOtal number employ-
ed, 16 and older 14,145 9374 4771 3046 364 18,255 12,745 5510 1571 729

Agriculture 7 9 1 17 4 5 6 1 10 3
Mining 21 38 3 11 12 27 45 6 19 7
Construction 6 6 2 6 14 12
Manufacturing 5 6 3 6 7 5 6 3 4 1
Transportation, com-

munications, and
public utilities 7 8 4 6 6 7 8 5 4 5

:= Wholesale trade 3 4 1 2 3 4 1 2 2
I

,Food, bakery....
CD

dairy stores 2 2 4 3 3 2 4 3 2
Eating and drinking

establishments 3 1 6 3 2 4 1 11 7 5
Other reta11 11 10 13 12 9 12 10 16 14 6
Finance, insurance

and real estate 3 3 5 1 4 3 2 5 2 2
Business and repairs 2' 3 2 2 4 4 3 3 3

, ,.,

Personal and; other
services ,7 3 16 10 32 5 2 14 8 32

Ent~rtilinmen:t \
and recreation 1 1 1 1 3 1 1 1 1 6

Health services '
~and hospitals 6 2 13 4 2 3 1 8 2 3

Education 9 5 18 10 5 7 3 14. 3 6
Other professions 4 3 6 3 5 3 2 5 2 4
Public administration 4 4 4 3 7 3 3 3 1 1

aData from the 1970 Census of Population.
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Table H-10. Unions Represented in Eddy and Lea Counties, 197Ba,b

Name of union
Number of

members Area and activities covered

Carpenters' Local 1245 266,

International Brotherhood 259
of Electrical Workers
Local 693

Iron Workers Local 775 40

Retail Clerks Local 462c 325

United Steel Workers Locals 1560
177, l7BA, 181, 183,
187, l8BA, 8507

Carlsbad, Hobbs, Roswell Portales,
Clovis, Tucumcarir construction
contractors

Eddy and Lea Countiesr electrical
workers at potash mines (Duval,
Potash Company of America, and
Mississippi Chemical)r four out of
five local construction contractors

Eddy and Lea Countiesr local con­
struction contractors, potash mines

Eddy and Lea Countiesr retail stores,
grocery and department stores

Eddy and Lea Counties r potash mines,
Carlsbad city employees, school
custodial and maintenance workers

aData from Adcock (1979).
bLocal offices in Carlsbad unless otherwise indicated.
cLocal offices in Las Cruces.

than it had been in the past. A large number stressed that there were no prob­
lems. It is important to note that very few persons perceived any conflict be­
tween old and new residents. OVerall, the interviewed persons characterized
local residents as friendly, helpful, honest, and good.

In contrast to the positive a~titudes about the community, approximately
half the interviewees felt they had no meaningful chance of affecting polit­
ical events. They felt that-their involvement in the political process did
not count. Furthermote, many of the responding per'sons saw no reason for be­
coming involved and were not interested in doing so. Only a small minority
perceived an ability to influencedecisionmaking.

Attitudes toward elected ,officials and their representation of the iocal
constituency were generally consistent with the feelings abo~tability to af­
fect local government dec:'isions. Approximately half the interviewees felt well
represented, while the other half did not. Those who,did,pe~ceive a lack of
good representation believed that only the wealthy and special interests are
taken into account.

Local residents show a generalpreference,~or the current environment in the
Carlsbad area. The local consensusOrl land-use patterns leaned toward no changes
or only very minor ones. The changes most desired are increased agricultural
development, mineral development, and urbanization-industrialization.
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Churches and community organizations

Carlsbad has 60 churches and 1 synagogue: Hobbs has 70 churches and 1 syna­
gogue: Loving has 3 churches. Of these churches, two in Carlsbad and one each
in Hobbs and Loving are Catholic. Many of the remaining churches are Protes­
tant(BBER, 1977a,b: Adcock, 1979).

There are 22 major civic and community organizations in Hobbs, 13 in Carls­
bad, and 2 in Loving. Most of these are fraternal organizations, with member­
ship in many restricted to men, although many have auxiliaries for wives (Ad­
cock, 1979).

Social services

The social services available in both the Carlsbad-Loving area and in the
municipality of Hobbs are rather extensive and cover a wide range of activi­
ties. The organizations providing these services are listed in Tables H~ll and
H-12 for Carlsbad-Loving and Hobbs, respectively.

Community planning capabilities

Carlsbad and Hobbs are experiencing considerable growth in population and
housing: this growth is expected to continue throughout the mid-1980s andprob­
ably into the year 2000. Both communities have planning agencies and various
other city agencies that,analyze and assist in the management of growth. The
village of Loving, which has also experienced growth since 1970, currently has
no municipal planning department (Adcock, 1979).

Table H-ll. Social Services in Carlsbad-Loving, New Mexicoa

Type of service
or facility

Total
staffb

Total
partic­
ipantsC Program or activity

MENTAL HEALTH AND HEALTH SERVICES

Carlsbad Area Resource
and Counse ling Center

Alcoholism Council of
South Eddy County

19

6

373

60

Rape Crisis Center
Hotline Crisis Center
First offenders program
Mental-health services
Treasure House Activity Center
Youth service counseling
Family counseling
Parents Anonymous
Testing and evaluation
Drug-abuse clinic

Outpatient counseling
Group counseling
Seminars and lectures
Initial screening for Cavern Lodge
Halfway house
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Table H-ll. Social Services in Carlsbad-Loving, New Mexicoa (continued)

Type of service
or facility

Total
staffb

Total
partic­
ipantsC Program or activity

MENTAL HEALTH AND HEALTH SERVICES (continued)

El Centro Rural de Salud

Eddy County Health
Center

6

16

500

3000­
5000

Primary medical care
Prenatal care
Family planning
Social worker
Counseling

Family planning
Prenatal care
Child-care clinic
Maternity education
Immunization program
Crippled-children's services
Social worker, South Eddy County
Women's, Infants', Children's

Nutrition Program
Vital statistics

SENIOR CITIZENS SERVICES

Eddy County Senior NA 200 Senior Citizens Nutritional
Citizens Program daily Mealsite

Recreation

Senior Recreation Center 4 550 Recreation
daily Club meetings

Classes

Loving Mealsite NA 50 Senior Citizens Nutritional
Nutritional Program daily Mealsite

Recreation

DAY CARE AND PRESCHOOL SERVICES

Cottage Preschool 4 34 Infonnal education, day care

Hillcrest Day Care Center 6 35 Informal education, day care

Harding Webster Preschool NA NA Infonnal education, day care

Pirst united Methodist 4 39 Informal education " day care
Preschool

YOUTH SERVICES

W Campfire Girls NA NA

H-2l
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EDUCATIONAL, VOCATIONAL, AND REHABILITATION SERVICES

Table H-ll. Social Services in Carlsbad-Loving, New Mexicoa (continued)

YOUTH SERVICES (,;ontinued)

Program or activity

Organized sports
Recreation
Library

preschool--handicapped children
Family counseling

Family planning
Head Start Program
Rural Health Clinic, Loving
Weatherization program
Rural housing progra~

Senior Citizens Nutritional
Program

Summer youth recreation
Emergency energy assistance
Crisis intervention program
Youth tutoring
Horne education livelihood program
Referrals
Protective service for children

and adults
Disease investigation
Adult services
Adoption
Foster care

Counseling
vocational rehabilitation
Recreation

Water safety training
Blood-donor program
Cardiopulmonary resuscitation

training
First-aid training
Disaster relief
Blood-pressure screening
Services to military families

463

200

20-25

550-600

600

6-20

H-22

Total
partic­
ipantsC

OTHER SERVICES

STATE AND FEDERAL SERVICES

2

3

2

NA

14

Total
staffb

125

Type of service
or facility

American Red Cross

Boys Club of Carlsbad

New Mexico Social
Services Division

Carlsbad Child Development
Center

Carlsbad Association of
Retarded Citizens Farm

Community Action Programs



Table H-ll.Social Services in Carlsbad-Loving, New Mexicoa (continued)

Type of service
or facility

Total
staffb

Total
par tic­
ipantsC Program or activity

STATE AND FEDERAL SERVICES (continued)

Nursing-home discharge planning
Homemakers service permanency

planning for children
Day care
Family planning
Health support
Critical in-home Gare
Drug abuse
Youth. services
Legal services
Emergency shelter
Family counseling

Employment Services
Division

20 463 Employment information and referral
Aid to Families with Dependent

Children

aData from Adcock (1979).
bnata for 1979~ NA = not available.
CMonthly estimates unless otherwise indicated.

Table H-12. Social Services in Hobbs, New Mexicoa

Type of service
or facility

Total
staffb

Total
par tic­
ipantsC Program or-activity

MENTA!. HEALTH AND HEALTH· SERVICES

Crisis Center of Lea
County

25 500

j' ~.
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Day activities for senior citizens
Group therapy'
Alcohol abuse
Child services
Parent education services
Drug abuse .
Medication program
Methadone program
Educational prbgramsfor public

schoois
Rape crisis program
Volunteer Shelter Bed



Table H-12. Social Services in Hobbs, New Mexicoa (continued)

Type of service
or facility

Total
staffb

Total
partic­
ipantsC Program or activity

MENTAL HEALTH AND HEALTH SERVICES (continued)

Parents Anonymous
(prevention and treatment
of child abuse)

Mental Health Activity
Center

4

1

200

119

Telephone hot1ine and referral
Group meetings

Recreation, socials
Special education, gifts

and parties
Special Olympics
Annual scholarships

SENIOR CITIZENS SERVICES

Senior Citizens Center

Good samaritan Village

La Siesta Retirement
Center

6

68

37

1070

124

55

Classes
Dances
Workshops
Luncheons
Meals on Wheels
Information and referral
Occasional transportation services

Residence, recreation, entertain­
ment

Nursing, residence, recreation

EDUCATIONAL, VOCATIONAL, AND REHABILITATION SERVICES

Child Development Center
of Lea County

Vocational Rehabilitation
(oil-field injuries)

Lea Work Activity Center
(for the handicapped)

4

2

7

79

3S

36

Level D special education
Speech therapy
Physical therapy

Medical treatment
Counseling
Reeducation
Arranging financial assistance

Recreation
Community services
Transportation

STATE SERVICES

Social Services Division 24 600
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Table H-12. Social Services in Hobbs, New Mexicoa (continued)

Type of service
or facility

Total
staffb

Total
par tic­
ipantsC Program or activity

STATE SERVICES (continued)

Health suppor t
Homemaker services
Information and referral
Adoption services
Day care
Protective services for

children
Foster care

Employment Services
Division

9 337 Information and referral
Aid to Families with Dependent

Children

DAY CARE AND PRESCHOOL SERVICES

Kinder Care Learning
Centers, Inc.

Washington Nursery

Little Peoples Kountry
Kindergarten

9

10

3

88

90

21

Informal education, day care

Day care

Informal education, day care

Boys Club of Hobbs

Girl Scout House

Junior Achievement of
Hobbs

American Red Cross

5

1

NA

1

YOUTH SERVICES.

1300 Indoor recreation
Library
Television
Organized sports

1000 World of Arts
I

World of People
I

World of the Out-of-Doors
I •

World of We11-Belng
I
I

NA Recreation
I

eommunity service
~_ I
OTHER SERVIOES

I
270 Services to military families

I •
I?isaster rellef
Blood-pressure screening
Water safety training
Blood-donor program
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Table H-12. Social Services in Hobbs, New Mexicoa (continued)

Type of service
or facility

Total
staffb

Total
par tic­
ipant;.sc Program or activity

OTHER SERVICES (continued)

Cardiopulmonary resuscitation
training

First-aid training

aData from Adcock .(1979).
bData for 1979 ~ NA = n9t available.
CMonthly estimates unless otherwise indicated.
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H.3 ECONOMIC SETTING

H.3.1 General Economic Characteristics

As defined by standard economic-base theory, there are three basic eco­
nomic sectors in Eddy and Lea Counties: mining, manufacturing, and agri~

culture. Although government is a basic industry* in many parts of New Mexico
because of heavy Federal activity, most governmental activity in Eddy and Lea
Counties is only a supportive function (USDC, 1975-1979). The nonbasic
sectors in the two counties include contract construction~ transportation,
communications, and utilities~ trade~ finance, insurance, and real estate~ and
services. Certain activities in the retail-and-services sector are larger
than might be expected because of heavy tourist traffic (Carlsbad Caverns).
Transportation facilities and the transportation sector in the area are well
developed because of the heavy industry.

Basic industr ies

Mining, which includes oil and gas extraction, is the major industry in
both counties. In 1978 mining employed approximately 3600 and 6000 persons in
Eddy and Lea Counties, respectively. In both counties employment in mining was
substantially higher than in any other industrial sector (NMESD, 1975-1979).
In Eddy County potash mining employs more than nine out of ten persons working
in this sector. Figures for 1977 showed that New Mexico (Eddy and Lea
Counties) supplied 93% of the total potash mined in the United States (USBM,
1978). In Lea County mining is centered on oil and gas (5800 employees in
1918)~ mining in potash, sand and gravel, rock salt, and caliche employed
fewer than 200 people in 1977 (NMESD, 1975-1979).

In Eddy County personal income from mining accounted for more than 24.6%
of total personal income in 1977. In Lea County this figure was just more
than 31.2%. Moreover, the impact of mining is increasing: personal income
from mining rose approximately 170% from 1970 through 1977, while personal
income from other services rose 118% over the same period (USDC, 1975-1979) •

. At the beginning of 1978, there were 43 manufacturing companies with
approximately 920 employees in Eddy County and 51 manufacturing companies with
approximately 1085 employees in Lea County. In 1976 manufacturing was second
in income genera ted by a basic industry•. However, the total personal income
from manufacturing was only "5 .2%. of all personal income generated in the
two-county area (NMESD, 1975-1979).

In 1975 the principal subsector of.agriculture in the two-county area was
meat animals and livestock. In the immediate area of theWIPP site (lO-mile
radius), agriculture is restricted to cattle grazing.•. Personal income from
agriculture in 1975 was less than 4% of the total personal income derived in
the two-county area.

*Basic industries are those whose level of activity is not closely tied to
the level of economic activity in the local community (Tiebout, 1962, p. 74).
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Trade and services

The 1972 Census of Business shows 454 retail outlets in Eddy County and ~

614 in Lea County, fora total of 1068. In Eddy County the majority, 281, are ~
located in Carlsbad. The total sales volume in 1972 was about $185.9 million,
or just over 8% of the statewide total of more than $2.3 billion. Although
littl~ sales-volume information is available after 1972, retail sales in the
area have increased SUbstantially. During the period 1972-1978, employment in
wholesale and retail trade increased from an average of 2500 to approximately
3500 in Eddy County and from approximately 3600 to 5200 in Lea County (NME8D,
1975-1979) •

The Rand-McNally 1978 Commercial Atlas and Marketing Guide shows both Eddy
and Lea Counties as basic trade areas (i.e., areas in which normal retail­
trade purchases are made). Rand-McNally defines 50 major trade areas with a
major central city from which substantial retailing and wholesaling operations
are conducted. The Carlsbad basic trade area, Eddy County, is in the major
trade area of El Paso~ the Hobbs trade area, Lea County, is in the major trade
area of Dallas. It is important to note that the basic trade areas for both
Carlsbad and Hobbs do not extend beyond their respective county limits to any
significant degree. Therefore, Rand-McNally notes few leakages in normal re­
tait purchases from the two-county area. However, for major retail purchases
and wholesaling there is substantial leakage out of the State into El Paso and
Dallas.

There were 835 service establishments (e.g., hotels, motels, barber shops,
advertisers, business services, repair shops) at the time of the 1972 Census
of Business. Activity in this sector increased substantially during the
period 1972-1978, with service-sector employment in Eddy County rising from
approximately 1900 to 2700 and in Lea County from approximately 1800 to 2300
(NMESD, 1975-1979).

Tourism

Tourism contributes substantially to economic activity in the two-county
area, particularly in Eddy County. The main tourist attraction in the area is
Carlsbad Caverns National Park; which is approximately 22 miles southwest of
Carlsbad and 41 miles west-southwest of the site. In 1978 it received 867,276
visitors, or nearly 44% of the visitors to all 11 national parks and monuments
throughout the State (USD1, 1970-1978). Nearby parks (Guadalupe Mountains
National Park, Living Desert State Park, the Presidents' Park in Carlsbad, and
others) also attract local.residents and tourists.

The effects of tourism in the area can be readily seen in employment
statistics, with retail trade and selected services being most affected. For
example, employment in eating and drinking establishments more than triples in
the three summer months, and summer employment in lodging increases 60% to 70%
over winter employment (NMESD, 1975-1979). Other secondary and tertiary serv­
ices affected by tourism (e.g., curio sales, barber shops, cleaners) also show
substantial increases.

Tourism is highly seasonal, with visits to Carlsbad Caverns fluctuating
from a high of 187,970 in July 1977 to a low of 25,350 in January (U8D1, 1970­
1978). To support the tourist industry, the City of Carlsbad, which receives
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most of the impact from the national park, has a total of 20 motels and hotels
with approximately 1100 rooms (data from the Carlsbad Department of Develop­

~ ment, 1979).

Financial resources

In Eddy and Lea Gounties there' are ,a total of nine chartered banks--four
holding state charters and five holding national charters. Five of these
eight banks (three state and two national) are in Eddy'County. Assets, lia­
bilities, and deposits as of'December 31, 1978, are reported in Table H-13.

There are four savings and loan institutions in the two-county area. The
three with main offices in Eddy.County are'mutual savings and loan institu­
tions that have combined assets of more than $148.3 million and total savings
accounts of more than $118.9 million. The savings and loan institution with a
main office in Lea County at Hobbs is a capital-stock institution; it has
total assets of more than $27.4 million and about $21.3 million in total sav­
ings accounts.

There are three credit unions in the two-county area. The two credit
unions in Eddy County (one in Carlsbad and one in Art~sia) are for school em­
ployees; both are insured by the National Credit Union Administration. They
have combined assets of more than $2.7 million and combined shares and depos­
its of just over $2.2 million. The credit union in Lea County at Lovington,
insured by the New Mexico Credit Union Insurance Corporation, has total assets
of over $1.4 million and total shares and deposits of $1.2 million.

Nineteen small-loan licensees are doing business in the two-county area.
Ten are in Eddy County: six in Carlsbad, three in Artesia, and one in Loving.
Nine are in Lea County: six in Hobbs, one in Jal, and two in Lovington (NMDB,
1979).

In Carlsbad long-term (25-30 years) financing for residential mortgage
loans is provided primarily by the savings and loan associations. The banks
do provide some short-term and interim financing.

The availability of mortgage loans has fluctuated in accordance with the
credit (interest-rate) conditions throughout the natidn. The State of New
Mexico Usury Law requires any mortgage loan with' an interest rate higher than
10% to be sold in the "secondary" mortgage-loan market. Secondary-market
funds have also fluctuated in accordance with tnecredit conditions and inter-
est rates. ~

The Carlsbad municipal area is regulated by the existence of a 100-year
floodway, as defined by the Federal Insurance'Administiration'sFlood Insurance
Study. Because the lo;c~l 9()vernment has rejec~ed the'icriteria that establish
qualification for Federal flood insurance, loCal mortgage loans are available
only for developments"outside "the :boundaries ofthelOO-year floodway (Figure
H-6) • ' '.', :, ,: " ) " ~ 'I", ,

Per iodically, the State: of N.e~ Mexico .. FininceAuthor ity (NMFA) provides
funds for residential ~ortgage io~ns.·f 'The firtancial institutions in Carlsbad
do participate in the distribution of these funds when they are available.
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Table H-13 • Banking Activity in Eddy and Lea Countiesa

•• ;_~~·,c. ~

State National Total Total Equity Total
Location banks Branches banks Branch'as assetsb liabilityb capitalb depositsb

New Mexico 46 113 40 III 4904.7 4547.1 323.8 4296.3

Eddy County 3 4 2 1 231.9 213.3 16.9 211.2, Carlsbad 2 4 2 1 143.2 133.0 9.4 131~'O

Artesia 1 0 1 0 88~7 81.2 7.5 80.1w
0 -_.:.

Lea County 1 7 3 8 342.0 317.9 19.4 302.4
Hobbs 1 7 2 5 297.7 276.3 17.4 261.2
Lovington 0 0 1 3 44.3 41.6 2.0 41.3

aData from Sixty-fourth Annual Re~rt, New Mexico Department of Banking, issued 1979
(December 31, 1978, data).

~il1ions of dollars.
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During 1979, NMFA funds bearing a 7.75% interest rate were available through­
out Eddy and Lea Counties: demand for the NMFA loans liquidated the available
funds soon after they became available. ...

Currently, neither the savings and loan associations nor the banks extend
mortgage loans for commercial establishments in Carlsbad.

In Hobbs the savings and loan associations and the banks provide financing
for long- and short-term mortgage loans. Generally, the availability of resi­
dential and commercial loans has fluctuated, the conditions being similar to
those described for Carlsbad. A municipal bond issue has recently provided
fu~ds for residential mortgage loans.

Because of Loving's proximity to Carlsbad (12 miles), its residential and
commercial mortgage-loan market reflects the conditions existing in Carlsbad.

H.3.2 Labor Force

Labor force is defined by the U.S. Department of Labor as persons who are
employed and those who are unemployed and are actively seeking employment. In
the first 6 months of 1979 the combined total labor force in Eddy (19,905) and
Lea (25,815) Counties was approximately 45,700. Total employment in the two-
county area was 43,855 (NMESD, 1975-1979). .

Between 1974 and 1978 the economy of both counties expanded, the total
labor force increasing by approximately 7800 individuals (20.6% for the peri­
od, 4.8% annually). The overall growth of employment for the 4-year period
was 22.4%, or about 5.2% annually. Therefore, the number and the percentage
of unemployed persons have decreased during the last 4 years. Although the
combined unemployment rate for the two counties in the first 6 months of 1979
was approximately 4.1%, the rate varies significantly between Eddy (4.3%) and
L~a (3.9%) Counties (NMESD, 1975-1979).

Employment

Mining is by far the largest employer in the two-county area. Accurate
figures on agricultural employment are difficult to obtain and are normally
out of date: the latest available credible information shows just under 2000
employees in the two counties in 1977 (USDC, 1975-1979). In 1978 manufacturing
employed approximately 2000 persons: 921 in Eddy County and 1087 in Lea County
(NMESD, 1975-1979).

The distribution of employment among industrial sectors is presented in
Table H-l4.

Unemployment

Unemployment in the two-county area is lower than the State average: the
1978 average rates were 4.5% in Eddy County and 4.0% in Lea County. Seasonal
unemployment rates va~y significantly, with higher rates during June and lower
rates in late spring and late fall. The variations occur primarily because of
fluctuations in the summer-month employment patterns of agricultural, student, L
and certain noncontract school 'personnel (NMESD,197S-l979). •
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Table H-14. Employment Sectors

Percentage
Industry distributiona

Agriculture
Mining
Manufacturing
Construction
Transportation, communications, and

utilities
Wholesale and retail trade
Finance, insurance, and real estate
Services
Government

5
26

5
6
9

24
4

13
12

aData from the New Mexico Employment Security
Department NMESD (1975-1979). Percentages do not
add to 100% because of rounding.

Applications for work through the New Mexico Employment Security Department
(formerly the Employment Security Commission) reveal that a large number of
people with technical skills, many directly connected with construction and
mining, and a large number of clerical and secretarial workers are available
in the area.

Underemployment and disguised unemplOyment

The unemployment rate computed by the State and Federal governments is
based on persons actively seeking employment. An area may sometimes have a
concurrent low level of defined unemployment and significant underemployment
(i.e., occupations or jobs that do not take full advantage of an employee's
potential). Although labor statistics and wage rates indicate that there may
be some underemployment because of seasonal employment patterns in the two­
county area, underemployment does not appear to be significant in the labor
market.

Disguised unemployment.may ~xist when many persons who are not actively
seeking employment would take a job if one were available in the area. Dis­
guised unemployment is measured by labor-force participation rates. In the
two-county area the labor-force participation rate for males is higher than
the State average, while the rate for females is lower than the State average
(Usec, 1970b). These data imply that not all females who are willing to work
are actively seeking employment and that the labor-force availability for
females may be greater than current statistics indicate.

Major employers

Nine of the 20 major employers in the two-county area are mining or
service-ta-mining companies (Table H-IS). Only two of the 20 major employers,
Levi Strauss and the Holly and Navajo Corporation, are listed by the Employ­
ment Security Department as manufacturing companies.
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Table H-15. Major Employers in Eddy and Lea Countiesa

Number of employees

151-250

251-500

501-750

Not known

100-150

151-250

251-750

Not known

Company

EDDY COUNTY

Mississippi Chemical
Lakeview Christian Home
Holly and Navajo Corporation

Kerr-McGee Corporation
Duval Corporation
Amax Chemical
Guadalupe Medical Center

Potash Company of America
(Ideal Basic Industries)

International Minerals

Evangelical Lutheran Center

LEA COUNTY

Halliburton Company
Moran Company
First National Bank

B&M (well service)
Levi Strauss
General Telephone

Lea County Regional Hospital
El Paso Natural Gas

National Potash

M.G.F. Drilling Company

Services

Mining
Retirement home
Refining

Mining
Mining
Mining
Medical

Mining
Mining

Nursing home

Oil field
Oil-well drilling
Banking

Oil field
Manufacturing
Utility

Medical
Refining natural

gas

Mining

Oil-well drilling

i

aData from the Carlsbad Department of Development (1977-1979) and the
Industrial Development Corporation of Lea County (1979).

Personal income

The total annual personal income in 1977 was listed by the Bureau of
Economic Analysis as $276.8 million in Eddy County and $360.5 million in Lea
County. The two-county area accounts for about 9% of the total annual per­
sonal income of all State residents. The total annual personal income in Lea
County has been showing steady increases in recent years. Because of de­
clines in the potash industry during the middle and late1960s, Eddy County
sustained a decrease in the total personal income in 1968 and in 1969 barely
reached the level established in 1967~ since 1968, however, it has shown
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increases. While information after 1977 is not available, trends in the area
and in the State indicate that the total personal income in the two-county
area has been increasing at more than 12% per year since 1976 ,(Usne, 1975­
1979).

The per-capita income in the two counties is higher than that in the
State: in 1977 it was $6611 in Lea County, or approximately 16.5% above the
$5646 registered, statewide level, a.nd $6069 in Eddy County, about 4.2% above
the statewide level. In Lea County thepe~-capita income increased 116.5%
between 1970 and 1977, while i~ Eddy County the increase wa~ only slightly
less at 101.7%. The statewide l~vel increased 99.6% during the same period~

thus the per-capita income for the two-county area is increasing faster than
the statewide average. It is important to note that the per-capita income in
both Counties is above the national average for non-SMSA(Standard Metro­
politan Statistical Area) counties. In Lea County the per-capita income is
116.2% of the non-SMSA county national average, while the Eddy County level
is 106.0% (USne, 1975-1979).

H.3.3 Housing and Land Use

Carlsbad

According to officials ,of the City of Carlsbad, between June 1977 and
August 1979 Carlsbad annexed 8544 acres of land, thereby increasing the land
area within its city limits to 13,335 acres. With the addition of the an­
nexed land, most of which is vacant, the total vacant land area in Carlsbad
amounts to approximately 7500 acres, which is 57% of the total municipal
acreage.

Land-use patterns inside the city limits are currently changing. Much of
the city is being rezoned, with the outcome of the rezoning in doubt. Until
rezoning is settled, it is nOt possible to accurately predict either the loca­
tion or the total amount of land to be available for future residential, com­
mercial, and industrial development.

Information from the City of Carlsbad shows that, during the period 1970­
1977, new housing units were added to the city's housing stock at a rate of
approximately 160 per year.' Actual,construction averaged approximately 160
units per year. for that 'period; with approximately 25 of the 'n,ewconstruc­
tion units replacing structures that Were classified as ."demolitions." Con­
currently, . the vacancy rate dec'reased fromapproxima tely 3%· ih1970 to 1%' by
1977. In 1978 construction activity increased, Wit,fi.257 new Housing iinits '
being constructed. Fi~wever', de~olitions and population groWth .rna i.nta ined the
vacancy rate at an average of approximately 1%. Iftheyacaricy rate were to
have been reestablished at a level of 3%, generally accepted as the desirable
vacancy rate that permits orderly population and communi~y growth, it would
have been ,necessary to construct an additional 153 hou~i~g ~its in'1976.

~y mid-1979, the Carlsbad housing stock was esti~ated to be approximately
lO,196unit~ (Table H-16). The most recent information from the City of
Carlsbad (1979) indicates that the vacancy rate has remained at a level of
approxirnately 1%.
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Temporary housing is available on a seasonal basis in Carlsbad's 20
motels, which have a total of about 1100 rooms. 'Between Memorial Day and
Labor Day occupancy rates are about 100%. Nonsununer occupancy rates on week-·
ends are as low as 50% in some motels but 95% to 100% on weekdays (data from
the Carlsbad Department of Development, 1979).

The Federal Housing Authority's Section 8 program provides rent and util­
ity assistance (75%) to qualified renters. Generally, to· qualify, a person
must be more than 62 years old, disabled, or handicapped and have an income
of less than $8500 (single-person limit). In November 1979 there were 91
program participants and approximately 25 to 30 applicants for the program
(personal communication from J. Haut, u.s. Department of Housing and Urban
Development, Roswell, New Mexico, 1979).

Table H-16. Housing Stock in Carlsbad, 1978

Type Total Occupied Unoccupied

All units 10,198a 10,045b 153
Single-family units 8,166a 8,044c 122
Multifamily units 1,lOla 1,084c 17
Mobile homes 93ld 9l7c 14

aBased on data from the U.S. Department of Commerce, 1970
Census of Housing (USDC, 1970c), and subsequent building-permit
and demolition data.

bBased on population and household-size estimates prepared
for. this report.

cOccupancy rates assumed identical for all housing types.
dDatum from Adcock (1979).

Hobbs

According to current information from the City of Hobbs (1979), the total
land area inside the Hobbs city limits, including the Hobbs industrial Air
Park, is about 14,830 acres. Not including the Air Park, approximately 1070
acres are vacant and available for residential, commercial, or industrial
development., Virtually the total area of the Air Park is vacant at pre$ent,
providing an additional 3500 acres for industrial development. Since Hobbs
has no zoning ordinance, there are no figures on the total amount of land
available for specific types of use.

From 1970 to 1977, new housing units were added to the Hobbs housing stock
at a rate of about 215 per year. Actual construction averaged 254 units per
year for the period, with about 40 units per year replacing condemned or re­
moved structures. This relatively low rate of addition to the housing stock
caused the vacancy rate to decline from nearly 9% in 1970 to just over 1% in
1975. In 1976 and 1977 construction activity increased, with 414 new housing
units added in 1976 and 611 units in 1977, and vacancy rates increasing to
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about 2% because of the recent construction activity. At the end of 1977, the
housing stock in Hobbs was estimated at 10,879 units. The year 1978 saw a
continuation of increased housing construction, with 466 new units added.
However, demolitions and popUlation growth maintained the vacancy rate at an
average of approximately 2%. If a vacancy rate of 3% were to have been re­
established, it would have been necessary to construct 114 additional housing
units in 1978.

At the end of 1978, the Hobbs housing stock was estimated to be approxi­
mately 11,345 units (Table H-17). The most recent information from the City
of Hobbs (1979) indicates that the vacancy rate has remained at a level of
approximately 2%.

Temporary housing in Hobbs is available in 11 motels with 482 rooms. Sea­
sonal occupancy patterns are very similar to those for Carlsbad. On a year­
round basis, occupancy averages 84%, with the Memorial Day to Labor Day rate
at 95% or higher. Nonsummer occupancy is lower than summer occupancy on the
average, but midweek occupancy is very high even in nonsummer months.

The Federal Housing Authority's Section 8 Program currently provides rent
and utility assistance to 39 qualified renters in Hobbs, and there are approx­
imately five applicants on the waiting list (personal communication from J.
Haut, U.S. Department of Housing and Urban Development, Roswell, New Mexico,
1979).

Table H-17. Housing Stock in Hobbs, 1978a

Type Total Occupied

All units 11,345 11,119
Single-family units 8,677 8,503
Multifamily units 1,295 1,269
Mobile homes 1,373 1,345

Unoccupied

226
174

26
28

aData from the City.of Hobbs, 1979. Occ\lpancy based on a
vacancy-rate estimate in this housing count, with vacancy rates
assumed to be identical,for all housing types.

Loving

During the period 1970 through October 1979, the,housing stock in Loving
increased by 19.9% from 403 (USOC, 1970c) to 483 housing units (Table H-18)
(Adcock, 1979). The vacancy rate decreased from2!% (109 units) in 1970
(USOC, 1970c) to 4.3% (21 'units) in October 1979 (Adcock, 19'79).

Official information regarding the current' (Noyember 1979) quality of
housing is not available; the most recent information is for 1974. According
to the results of a 1974 housing survey conducted by the Southeastern New
Mexico Economic Development District (SENM EOD), 58% of the housing units were
of sound condition, 26% were deteriorating, and 16% were dilapidated.
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Education

Unoccupied

462
389

24
49

Occupied

483
410

24
49

Total

Table H-18. Housing Stock in Loving, 1979a

Type

All units'
Single-family un its
Multifamily units
Mobile homes

. .

Carlsbad: Informatidn obtained in 1979 from the Carlsbad School District
shows that the carlsbad.school system consists of ten elementary schools, two

.'1 .. " . ./

The Federal Housing Authority's Section 8 Program had no recipients in
Loving as of October 1979 (personal communication from J. Haut, u.S. Depart­
ment of Housing and Urban Development, Roswell, New Mexico~ 1979).

aData from Larry.Adcock and Associates (1979), Residential,
Corranercial, .and Service Structure Inventory.

~A = not applicable•.

The 1974 SENM EDD survey used' .the number· of mobile homes in the community
as a· measure of the qualit:{ of Housing.stock; mobile homes are considered to
be.infer i~r:' to ether tyPes o:E structurally sound' housing units. Recently, the
number of. mobile homes iri Loving has been'increasing. Dudngthe period 1974~
1979, mobile homes. increased from ·the· 14 units counted in the above-mentioned
survey to 4~ ~its (Adcock, 1979), an increase of 250% •

•The results of the 1979 Loving structure inventory compiled by Larry
Adcock and Associates show that neither the overall numbers nor the percent­
ages of sound versus deteriorating and dilapidated housing units have changed
significantly since 1974.

Three institutions of higher education are in the vicinity of the WIPP
site: a branch of the New Mexico State University in Carlsbad and the New.
Mexico Junior College and the College of the Southwest (a small 4-year insti­
tution) in Hobb9 • The Eastern New Mexico University maintains a branch in '
Roswell, about 75 miles north of Carlsbad, and has its main campus in Por- :
tales, . appr6ximatelyllOmiles ,north of Hobb~•. The New Mexico Military Insti­
tute is a'lsb locatedin~oswell. Somewhat farther from the site are the New
Mexico State University, ,with a main campus in Las Cruces and a branch in
Alam~ordo"and the University of Texas at El Paso.

H.3.4 CommunityFacilities

There are three public school districts in Eddy.County and five in Lea
County, with a c;ombined1978-1979 enrollment of 21,927. Threepublic school
distr ictsappear likely'. to .exper.iencesubstaritial impacts from the WIPP.
Speeii:l1 education, a?ulf: 'education, and techIl~cal-vocafionalprograms are
offered through the municipal school systems in Carlsbad and Hobbs.
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Table H-19. Carlsbad School District Enrollmenta

Adult-education programs are provided through the public school system.
These programs offer training in ~asic skills as well as classes leading up to
General Education Development Tests.

Total

6621

6737

10,000

960

1037

11-12

1870

1132

1178

1770

9-10
Grade

982

1390

1860

7-8

ACTUAL ENROLLMENTd

ENROLLMENT CAPACITYc

3501

3178

4600

Year

1977-1978

1978-1979

I
(

junior high schools, on~ mid-high school, and one senior high school, with a
combined enrollment of about 6620 students. This enrollment is well below the
capacity of 10,000 students. As shown in Table H-19, the excess capacity
exists at all grade levels.

aData from the Carlsbad School District (1979).
b1ncludes special education "C" and "D" kindergarten students

counted as full time.
cAssumes a capacity of 24 students per classroom.
dCarlsbad 40-day average daily membership reports.

Hobbs. The Hobbs school system currently consists of ten elementary
schools (kindergarten through grade 6), three junior high schools (grades 7
through 9), and one high school (grades 10 through 12). According to informa­
tion from the Hobbs School Distri9t,the tot~l enrollment for the 1978-1979
school year was about 7630 students (Table H-20). This enrollment is somewhat
below the estimated capacity of 8350 students.

Special education programs are offered for persons between the ages of 6
and 21. There are also programs for children in grades 1 through 6 with learn­
ing disabilities.

Technical-vocational training programs are provided by both the high
schools and the branch of the New Mexico State University. There are also
work/study and other vocational training programs for the mentally retarded.

The Carlsbad school system has a complete special education program that
conforms to standards set by the State of New Mexico. with approximately 455
students at present, the special education program serves mentally retarded
persons between the ages of 5 and 21 and also assists children with speech and
learning disabilities.



Table H-20. Hobbs School District Enrollment in
the 1978-1979 School YearB

Grade
7-9 10-12 Total

ENROLLMENT CAPACITYc

4630 1990 1730 8350

ACTUAL ENROLLMENTd

4237 1715 1677 7629

aData from the Hobbs School District (1979).
blncludes special education "c" and "0"

kindergarten students counted as full time.
cAssumes a capacity of 24 students per

classroom.
dRobbs 40-day average daily membership reports.

Table H-21. Loving School District Enrollment
in the 1978-1979 School Yeara

Grade
1-6 7-9 Total

ENROLLMENT CAPAC ITYc

48 240 140 428

ACTUAL ENROLLMENTd

35 188 199 342

aOata from the Loving School District (1979).
b1ncludes special education "c" and "011

kindergarten students counted as full time.
cAssumes a capacity of 24 students per

classroom.
dLoving 40-day average daily membership reports.

Adult education classes that upgrade basic skills to the eighth-grade
level are offered. Classes preparing for the General Education Development
Tests are also provided,
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Technical-vocational programs are provided by the high school and the
New Mexico Junior College. There is also a special vocational rehabilitation
program for the mentally retarded.

,
Loving. The Loving school system currently consists of two schools:

one elementary and one junior high school. According to information obtained
in 1979 from the Loving School District, some 120 high-school-age students
from the Loving district currently attend classes in Carlsbad schools. The
district's combined enrollment totals 342 full-time students' (Table H-2l).
The enrollment is well below the school-district capacity of approximately
430 pupils. This excess capacity exists at all levels except the fourth and
sixth grades.

Municipal water systems

Carlsbad. According to information provided by city officials in
1979, Carlsbad obtains its water from a well field in the Capitan Reef
(Figure H-7) and through a pipeline from the Double Eagle System to the
northeast of the city. There are eight wells presently pumping water from
the Capitan field and 22 wells in the Double Eagle field. In addition, there
are three wells within the city limits that are not used because the water
under Carlsbad is of lower quality than wat~r outside the city limits.

The city has rights to 9200 acre-feet per year in the Capitan Reef and
7648 acre-feet per year in the Double Eagle field. In add~tion, Carlsbad has
rights to 10,640 acre-feet per year from a well field north of the city in
the Ogallala Formation, giving the city total rights to over 27,000 acre-feet
per year.

Current (1979) consumption averages about 5.8 million gallons per day
(mgd) in Carlsbad. Peak consumption is about 16 mgd, well within the current
26.4-mgd capacity of the delivery system.

Hobbs. Information obtained in 1979 from city officials shows that
Hobbs currently has rights to 18,888 acre-feet of water per year from ground­
water sources (primarily inside city limits) in the Ogallala Formation. In
addition, it has an allocation of 15,340 acre-feet per year from the proposed
Eastern New Mexico Water Supply System, which would deliver water from the
Ute Reservoir to 10 communities in eastern New Mexico. The status of this
project is currently very uncertain, and it is not known when, if ever, the
delivery of water to Hobbs will begin.

Municipal water is supplied from 28 wells located in and around the city
(Figure H-8). The current potential yield of the wells is about 14 mgd.

Average consumption is ~urrently about 12 mgd. Peak daily consumption,
normally about double the average aaily rate in this area, is limited by the
capacity of the delivery~and~storage system to just over ,14 mgd. Thus, al­
though the total water rights in theqgallaia Formation are adequate for cur­
rent demands (about 7050 acre-feet per year), 'there is a need for additional
wells and storage-and-delivery facilities. The recent completion of four
additional wells will partially alleviate the existing water system's limita­
tions.
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Figure H-8. Municipal facilities, water system, and sewage-treatment plant, Hobbs.
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Loving. Loving currently obtains its water supply from four wells located
about 7 miles from the community (Figure H-9). The village purchased the sys-
tem in 1960 from a private firm. The system contains one l25,000-gallon and ~
one l50,000-gallon storage tank. Water is also supplied to the community of •
Malaga, which is south of Loving (communication from Molzen-Corbin and Associ-
ates, Albuquerque, New Mexico, 1979).

The available water rights of 800 acre-feet per year are sufficient to
meet the current and future needs of the community; considering its relatively
slow growth.

The current average consumption is approximately 91 million gallons per
year, or 258,000 gallons per day. The peak cqnsumption of approximately
500,000 gallons per day exceeds the present system's delivery and storage
capacity.of 250,000 gallons per day (data from Molzen-Corbin and Associates,
Albuquerque, New Mexico, 1979).

To meet the current water demand, the existing 6- and 8-inch pipeline is
scheduled to be replaced by a 10-inch pipeline. In addition, a new 500,000­
gallon storage facility is to be constructed at the well site. Bids for the
water-system improvements were opened in October 1979.

Municipal wastewater systems*

Carlsbad. The Carlsbad municipal sewage-treatment plant, inadequate for
current needs, is being expanded and upgraded, with construction expected to
be completed by September 1981. On completion, the plant will have a design
capacity adequate to serve 50,000 people. Effluent waste will be used. to
irrigate a 700-acre farm owned by the city.

Sewage-collection facilities provide service to the entire city (Figure
H-7). Residential areas outside city limits use septic systems. About 25%
to 30% of the developing areas in the vicinity of the city are currently not
suited to the use of conventional percolation septic systems and must use the
somewhat more expensive evapotranspiration septic systems.

Bobbs. The construction of a new municipal sewage-treatment plant is
under way',' wfth pompletion expected in early 1980. The new plant will have an
initial capacity of 5 mgd and a capability to expand to 6 mgd.

There are also plans to expand and upgrade the main sewer lines in the
city. TwO of the three existing main trunk lines will be affected, with one
being rebuilt and one being paralleled by a new bypass line. The completion
of the project is expected early in 1980.

Since April 1, 1978, developing areas north of Hobbs (FigureH-8) have
been restricted by the. New Mexico Environmental Improvement Division to the
use of evapotranspiration septic systems because of past problems with sewage ,
from percolation systems seeping into local water supplies. The use of the

*Data obtained from the City of Carlsbad (1979), the City of Bobbs (1979),
and the New Mexico Environmental Improvement Division (1978)', unless otherwise
stated.
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Figure H-9. Municipal facilities, water system, and sewage-treatment plants, Loving.
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evapotranspiration systems is expected to prevent further problems with resi~

dential sewage in areas not connected to the Hobbs municipal sewage system.

Loving.' The municipal sewage-treatment plant built in 1950 does not meet' ..
current effluent standards set by the New Mexico Water Quality Commission.
Consequently, the village has received a Federal grant to construct a new
treatment facility. At present, the appropriated funds ($300,000) equal
approximately 50% of the design and construction costs for 'an adequate plant.
Loving is still seeking additional funding to start the project (information
from Mblzen-Corbin and Associates, Albuquerque, New Mexico, 1979).

The treatment ~lant now in use is a primary system and has a rated capac­
ity of 0.15 mgd. According to the Southeastern New Mexico Economic Develop­
rnentDistrict, it is experiencing a demand of 55% to 60%. The sewage facility
serves approximately 1600 people (Adcock, 1979).

Sewage~collection facilities provide service to the majority of Loving's
residents. The only exception is the extreme eastern section of Cedar Street
(Figure H-9). Because this area's elevation is lower than that of the current
system, a lift station would be required to provide collection services. The
residents of the area now use individual septic tanks.

Electric service*

Carlsbad and Loving. Eddy County obtains electricity from the South­
western Public Service Company. In April 1979, the area including Carlsbad,
Loving, and the surrounding rural area contained 12,536 customers. Of this
total, 11,247 were residential and 1289 were commercial or industrial custom­
ers. Although the residential customers were numerically the largest class of
electricity users, they accounted for only 22% of electricity demand1 the com­
mercial, industrial, and miscellaneous customers accounted for the remaining
78%. Approximately 75% of the power is currently generated by natural-gas
plants and "25% by coal-fired plants. Another coal-fired plant will become
operational in June 1980, changing the ratio of power-generation sources to
65% for natural gas and 35% for coal. In addition, it is expected that one
coal-fired plant will be completed in each of the years 1982 and 19841 the
effect of the two additional coal-fired plants on the ratio of natural-gas to
coal-f~red generation cannot now be ascertained.

Hobbs. The New Mexico Electric Service Company supplies electricity to
Hobbs. In September 1979, New Mexico Electric served '13,607 customers in the
area within the Hobbs School District boundaries. Of this total, 11,548 were
residential, 1747 were commercial, and 312 were industrial customers. Al­
though the residential customers were numerically the largest class of elec- '
tricity 4sers, they accounted for only 16% of electricity demand1 the commer­
cial and industrial customers accounted for 15% and 69%, respectively, of
electricity demand. The electricity is generated by a single natural-gas
plant. The company is studying the feasibility of using coal, but no decision
on a conversion has been made.

*Data obtained in 1979 from the Southwestern Public Service Company
(Carlsbad and Loving) and the New Mexico Electric Service Company (Hobbs).
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Natural,..gas service*.
. .~ .. , ~. -

Car !Sbad. In Jan~ary 19:79 /the Gas Company' oCf New Mexicc> was supplying
natural:gastb 98~6- customer accq~nt~ 'in the Carlsbad ar.ea"(88'45, residential,
856 conunercial; 17 industrial, aha'9's miscellaneous). 'The residential, com­
mercial, industria'l; and mIscellaneous users accounted for 16%, 6%, 76%, and
2%, re spectively ,of the nat.}lral,..gas demand in Carlsbad. '

Hobbs.. IncJanuary ':1.979', the: Hobbs Gas company was supplying natural gas
to 10,712 customer accounts, in the, Hobbs area (9415 residential, 1245 conuner­
cial, 6 iridllstriaT, ,and 46 'miscel-lane6us). The:residential, conunercial, indus­
trial, and miscellaneous users'accounfedfoi 64%, 27%, 2%, and 7%, respective­
ly, of the nat~ral,..gas demand in Hobbs.,

Loving. Ii'lJanuafi t"979,the':Ga's Company o,f New Mexico was supplying nat­
ural gas to 453 customers;:i&theLqving area (395 residential,'· 34 coimnercial,
1 industrial, and ,';2"3rniscellaneous). The residential,conimercial, industrial,
and miscellaneous"usersaccc>lintedfor56%, 7%, 28%, 'arid 9%, respectively, of
the natural-gas demand In Loving.

Fire protection**

Carlsbad and Eddy County. The 'Carlsbad Fire Department has 30 full-time
employees, or about 1.04 per 1000 people, operating out of the main fire sta­
tion and four substations (Figu!,e H-7). Major equipment includes two 1500-gpm
pumpers, one 1000'-gpm pumper, three 15'O-gpnl pumpers, arid a dry":chemical truck
at the airport. The primary service area for the department 'is the city, but
occasional trips are made outside the city limits to assist the all-volunteer
Eddy County Fire Department. These trips are made on the basis of a verbal
mutual-aid agreement between the city and the county.

Hobbs and Lea County. The Hobbs Fire Department currently has 44 full­
time employees, including two dispatchers, or about 1.35 per 1000 people.
There are two fire ,stations (Figure H-8) and seven fire trucks. Approximately
one-t:.hirdof tHe departmeht'sc~llsare'outside the city limits to assist the
all-volunteer I.i~a --C6untyFire Department. '

. , - '".' . . -

Loving. Th~ Loving Firebepartment currently is an all-volunteer organi­
zation cOmposed Of 25, members. 'The department operates out of one station
(Figure H-9) - and iseqt.iipped with three'- pumpers and one' emergency vehicle.
The general service 'area for thedepaitment is the Village of Loving, but
service to areas adjacent to thE('Vi1lagelirilits- is aiso provlded;

.,

Police protection**
'". .

Carlsbad and Eddy CountY. -:The-Catlsb~d police'Dep~ttment has 48 full­
time employees; ()r:ab~ut,l.7-per~1000-peopie.'Theprimary area served by-the

'..- . _"':, _': .~, .:" . \~ '~_. -. :f·_ ~
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department is the city, but officers go outside the city limits to assist New
Mexico State police or Eddy County Sheriff's officers on request. City police
also have Eddy County Sheriff's commissions to facilitate their activities ~

outside city limits. ~

The Eddy County Sheriff's office has about 23 full-time employees. In
addition, as discussed above, the office can calIon Carlsbad police officers
for assistance if needed (data from the Eddy County Sheriff's Office, 1979).

Eddy County had a total of 89 officers (State POlice, Sheriff's Office,
and POlice Department) in 1978, or 1.9 per 1000 people (Adcock, 1979).

Hobbs and Lea County. The Hobbs POlice Department has 81 full-time em­
ployees, or about 2.5 per 1000 people. Moreover, Hobbs has developed a pro­
gram (Operation Saturation) in which off-duty police officers use marked
patrol cars. The effect of the program is to increase the apparent size of
the department by making police officers visible, whether on or off duty. The
police department serves the city primarily, with only occasional calls out­
side city limits.

The Lea County Sherriff's department has approximately 33 full-time em~

ployees. In addition, the department can calIon Hobbs police officers for
assistance if needed.

Lea County had 124 officers (State police, Sheriff's Office, and Police
Department) in 1978, or approximately 2 per 1000 people.

Loving. The Loving Police Department has two full-time employees and
three vehicles. The department services the city, with only occasional calls
outside the village limits.

Health care*

Carlsbad and Eddy County. The Guadalupe Medical Center in Carlsbad is the
principal short-term hospital in Eddy County. It opened in late 1977 and has
134 beds. There is also the 34-bed Artesia General Hospital. On the basis of
mid-1978 Eddy County population estimates, the l68-bed county total amounts to
3.5 per 1000 population. This is below the national average of 4.0 beds per
1000, but it is representative of the State of New Mexico's average of 3.5 per
1000. Nonetheless, the mid-1979 Guadalupe Medical Center occupancy rate of
65% is below the Federal standard of 80% proposed for all nonfederal, general,
short-term hospitals (Bennett, 1977). Additional medical facilities available
in the area are indicated in Table H-22.

There are 35 physicians in Eddy County, 30 of whom use the facilities of
the Guadalupe Medical Center. Twenty-one of the county's physicians provide
primary care, or about 0.5 per 1200 population. Although there are no gener­
ally accepted standards for primary care physician-to-population ratios, the
Eddy County ratio of 0.5 is only half the suggested level of 1.0 per 1200
(Bennett, 1977). Eddy County was classified as a medically underserved area

*Da~a obtained in 1979 from the Guadalupe Medical Center (Carlsbad and
Eddy County), the Lea Regional Medical Center (Hobbs and Lea County), the City
of Carlsb~d, and the Village of Loving, unless otherwise stated.
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Table H-22. Area ~edical Facilitiesa

Eddy Lea
Facility Carlsbad countyb Hobbs CountyC

Short-term hospitals 1 2 1 2
Hospital beds (plus basinettes) 134 (18) 168 (NA) 180 (20 ) 203 (20)
Nursing homes 2 2 2 3
Intermediate-care facilities

and home health agencies NAd 3 NA 3
Clinics (including mental

health) NA 6 NA 4
Primary-care clinics 0 1 1 1
Pharmacies 14 17 8 18

aOata from the New Mexico Health Resources Registry, Guadalupe Medical
Center, Lea Regional Medical Center, and Adcock (1979).

bIncludes Carlsbad.
cIncludes Hobbs.
dNot ava Hable.

in 1976 by the Secretary of Health, Education, and Welfare for purposes of
determining eligibility for Health Maintenance Organization funding (Bennett,
1977). In addition, there are 17 dentists in Eddy County (NMHRR, 1979).

Emergency medical services are provided by a Dallas, Texas, company that
has a contract with the Guadalupe Medical Center. The emergency services
operate a 24-hour emergency room staffed by three physicians, of whom one is
always in attendance and specializes in emergency treatment.

Ambulance service is provided by the Carlsbad Fire Department. There are
currently four vehicles in use, and a fifth has been ordered. Ambulance serv­
ice normally covers an area within about 30 miles of the city. Each ambulance
is staffed by two emergency medical technicians (EMTs). The Fire Department
has three full-time EMTs on the staff, and 25 additional paid volunteer (part­
time) EMTs are available.

Hobbs and Lea County. Lea County has two short-term hospitals: the Lea
Regional Medical Center in Hobbs, with 180 peds, 'and the Commurdty General
Hospital in Jal, with 23 beds. population estimates formid-1978 show that
Lea County has 3.6 hospital beds per 1000 population, which is less than the
national average of 4.0 beds per 1000 and.mote than the New Mexico average of
3.5 per 1000. Nevertheless, the mid-1979 Lea Regional Medical Center occu­
pancy rate of 65% is below the Fede!al standard of 80% proposed for all 'non­
federal, general, short-term hospitals.

Additional medical facilities in Lea County (Table H-22) include five
clinics, one of which, located in Hobbs, provides primary care. In addition,
there are three nursing homes and three intermediate-care and home health
agencies (NMHRR, 1978) •

.., There ar-e 33 physicians in Lea County, 25 of whom are located in Hobbs.
Thirty of the physicians provide primary care, or 0.6 per 1200 people. This

H-49



ratio is considerably lower than the ratio suggested by Bennett (1977) of 1.0
per 1200. Partly as a result of this low ratio of primary-care physicians to
the population, Lea County was classified as a medically underserved area in
1976 by the Secretary of Health, Education, and Welfare for purposes of de­
termining eligibility for Heal~h Maintenance Organization funding (Bennett,
1977). In addition, there are 12 dentists in Lea County (NMHRR, 1979).

Emergency medical services are provided by a Dallas, Texas, company that
has a contract with the Lea Regional Medical Certter.Theemergengy room is
open 24 hours per day, with one physician who specializes in emergency treat­
ment always in attendance.

Ambulance service is provided by the Hobbs Fire Department, which cur­
rently operates three ambulances. The ambulance service area extends to
Lovington on the porth, the county line on the:-west, into Texas on the east,
and about 15 miles to the south of Hobbs. Each ambulance carries .two EMTs on
all calls. The Hobbs Fire Department employs 40 EMTs full time, which is to
say that most fire-department personnel are qualified as EMTs. The department
also employs one EMT instructor •.

Loving. The community of Loving has only one medical facility, El Centro
Rural de Salud. It opened in 1977 and has a staff of six. .Federally funded,
the health center specializes in primary medical care. Services at the clinic
include prenatal care, family planning, counseling, and medical advice and
referral~ .

Short-term hospitalization is available in Carlsbad at ~he'Guadalupe

Medical Center. Ambulance service is available from either the Loving or the
CarlsBad Fire Department.

Traffic and transportation: regional

Pipeline tranSpoI'tation~:·A~cording'to inf9.rmation·:!obt.~inea.in 1979 from
the El Paso Natural Gas Company, a 1,2. 75-inch naturah·g~s·pipelirlepa,sses
through the WIPP site about a mile north of its center~ ~unnirigin an east- .
west direction. This 'pipeline was built in the 1940s. Approximately 8to 9
miles south of the site is a 26-inch El Paso Natural Gas line that also runs
east-west.

Air transportation. The commerc~al airport nearest to ·the·WIPP site is
the Cavern City Air.T.erminal, about 30 miles to. the west.. T9 the east-north­
east lies the Hobbs~Lea County Airport, about 35 mi.les away. There are no
landing strips within 10 miles of the site. The site, howev~r, is traversed
by commercial air traffic between Carisbad and. Hobbs.

Highway transportation. Figure H-10 shows the average daily traffic flow
in the environs of the site:,(the annual average daily traffic flow at selected
control locations is shown~lnFiguresH-ll, H-12, and H~13)~ .Data for the
overall flow of vehicles indicate sufficient capacity for the highway: capac­
ity ratings vary from 20 to 29 on a scale of 30 on the section of road be-
tween Car Isbad and Hobbs. \\

-"-~'.;.,,;',,'-,

Portions of.NM 31 and NM 128 lie within 10 miles of the site, and U.S.
Highway 62-180 runs east to west about 10 miles north of the site. U.S. High­
way 62-180, part of the Federal Aid Primary System, is a four-~ane divided
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Figure H-10. Average daily traffic flow in the area of the WIPPsite,1978.

highway from Carlsbad to the Lea County line~ For l7.miles east of the Lea
County line, the highway has two lanes~ for the rest of the distance into
Hobbs, it is again a divided four-lane highw~y. ,:,

New Mexico 31, a two-lane road with a bitUminous surface, runs north to
south about 10 mileswes.tof the site. There' is little,' or no shoulder, on
certain portions of the, highway. According to the New Mexico State Highway
Department (1979), one secti'pn w.ithin 10 miles"of the site has an overall
pavement width of 18 feet and a total roadway width of 20 feet.

New Mexico 128, running east to west, traverses the southern portion of
the 10-mile radius. This State-maintained two-lane bituminous-surface high­
way is part of the Rural Federal Aid Secondary System, as is NM 31. Pave­
ment widths vary between 20 and 22 feet for sections within 10 miles of the
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site, and the roadbed is at least 22 feet wide. From the intersection of NM
31 and NM 128 to the present access road to the site, the highway traverses
several small salt lakes or ponds~ here there is virtually no shoulder, and in
some areas there is an, abrupt drop of 2 to 3 feet from the paved surface level
to the pond or lakebedlevel. Several inspection trips revealed a significant
amount of maintenance along these areas on NM 128 qnd along similar areas on
NM 31. Surface and safety ratings and Figures H-ll pnd H-12 show significant
deficiencies along certain portions of NM 128, and 31. It' is suspected that
these low ratings are caused partially by the presence of certain low areas
that collect salt water and turn into salt lakes or ponds (Adcock, 1979).

Railroad transportation. In the two-county area, two companies operate
rail systems: the Atchison, Topeka and Santa Fe, and the Texas-New Mexico
Railroad. The Atchison, Topeka and Santa Fe enters New Mexico from the south,
running parallel to U.S. 285. It connects the communities of Loving, Carls­
bad, 'and Artesia in Eddy Cbunty and proceeds north to connect with the Atchi­
son, Topeka and Santa Fe main line at Clovis. Spur lines to the potash­
mining area have also been constructed.

The spur line to the Duval Nash Draw mine offers the closest access to the
WIPPsite. The proposed extension of this spur will connect the site with the
Atchison, Topeka and Santa Fe line. The Texas-New Mexico line enters at the
southeast corner of Lea County and parallels NM 18, connecting the communities
of Jal, Eunice, Hobbs, and Lovington. The line ends just north of Lovington.

Carlsbad transportation system

Current traffic-flow levels are well within the existing capacity of the
street system. Inspection of the street system shows few unpaved streets
within the city limits. The condition of the street system appears to be good
and shows adequate maintenance.

Commercial air service is provided by three airlines: Air Midwest, Crown
Aviation,' and Permian Airways. Each air line company has two daily scheduled
arrivals and departures. Commercial air service is provided for transporta­
tionbetween Carlsbad and Hobbs and Albuquerqu~, New Mexico, and Midland,
Odessa, andEi' Paso, Texas.

The Santa Fe Railway provides the area with freight service. Piggyback
service is available, and daily switching service is sustained.

Three interstate 'motor-freight carriers (Apex Freight Lines, Sun Freight­
ways, and Sundance Transportation) serve Carlsbad. Each freight-carrier com­
pany has terminal facilities in Carlsbad.

lritrasta~e a~d interstate bus transportation is available through the New
Mexico Transportation Company, Inc., an affiliate of Greyhound Bus Lines.
A private carrier provides mass transportation to the commercial mining opera­
tions. Currently there are 28 round trips per day to the mining sites in the
Carlsbad area. There ar~ no public-transit facilities in Carlsbad other than
a taxicab company that operates four vehicles (Adcock, 1979).
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RD SECT1
LOC#

1
2
3
4

C

FLOW2 SECT3 SURF4 WIDTH IN FEET CONDITION RATING OVAL 13

DIR LENG TYPE PAVT5 RDWy6 ADT7 FDNT8 SUR9 DR10 SAF" CAp12 RATG

N 7.7 Bit 20 22 663 10 11 09 02 27 56
N 8.7 Bit 20 20 250 10 11 07 01 29 63
N 3.4 Bit 18 20 272 10 10 05 02 . 29 60
N 2.9 Bit 24 28 487 10 09 10 02 29 60

Source: Ratings for Highway Improvements, Rural Federal-Aid Secondary System, 1976~ew_~exico S_~~te Highway Department, Planning and Programming
Division, in cooperation with U.S. Department of Transportation, Federal Highway Administration.
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Figure H-11. Average daily traffic flow on NM 31, 1977. (See page H-66 for explanation.)



RD SECT1 FLDW2 SECT3 SURF4 WIDTH IN FEET CONDITION RATING OVAL 13
LOC# D1R LENG TYPE PAVT5 RDWY& ADT7 FDNT8. SUR9 DR1D SAFll CAP12 RATG

1 E 9.1 Bit 20 22 237 10 10 06 01 29 62
2 E 9.8 Bit 22 22 168 10 12 07 02 29 68
3 E 9.5 Bit 22 22 271 10 11 06 02 29 62

Source: Ratings for Highway Improvements, Rural Federal-Aid Secondary System, !976, New Mexico State Highway~epartment,.Planning andlirogramming
Division, in cooperation with U.S. Department of Transportation, Federal Highway Administration.
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Figure H-12. Road conditions and traffic flow on NM 128, selected sections. (See page H-56 for explanation.)



c
RD SECT1 HOW2 SECT3 SURF4 WIDTH IN FEET CONDITION RATING OVAL 13

LOC# DIR LENG TYPE PAVT5 RDWy6 ADT7 FDNT8 SUR9 DR10 SAF11 CAp12 R~TG

9 E 2.3 Bit 24 36 2,409 10 15 10 03 28 63
9 W 2.3 Bit 22 28 2,409 10 12 10 03 28 59

10 E 4.1 Bit 24 40 2,123 10 24 10 04 28 75
10 W 4.1 Bit 20 26 2,123 10 16 10 02 28 64
11 E 5.3 Bit 24 40 2,031 10 27 10 20 28 95
11 W 5.3 Bit 20 30 2,031 10 16 10 04 28 67
12 E 1.4 Bit 24 40 1,854 10 27 10 20 28 95
12 W 1.4 Bit 20 26 1,854 10 16 09 03 29 66
13 0 8.4 Bit 22 30 1,881 10 12 09 03 20 53

Source: Ratings for Highway Improvements, Rural Federal-Aid Primary System,lnterstate System Included, 1977, New Mexico State Highway
Departm~nt in cooperation with U.S. Department of Transportation, Federal Highway Administration.
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Figure H-13. Road conditions and traffic flow on US 62-180, selected sections. (See page H-56 for explanation.)



EXPLANATION OF TERMS FOR
Figures H-ll, H-12, and H-13

1. RD SECT, LOC t: Number on route' map identifying the subject location.
2. FLOW DIR: Traffic flow or direction. 0 - undivided highway~ N -

northbound~ E - eastbound~ W - westbound.
3. SECT LENG: Length of the rating section in miles and tenths.
4. SURF TYPE: Bit - bituminous.
5. WIDTH IN FEET/PAVT: width of bituminous surfac~ recorded in an even

number of feet.
6. WIDTH IN FEET/RDWY: The distance between outside shoulder lines.
7. ADT: Average daily traffic, the average number of vehicles passing a

given point on the highway in a typical 24-hour period of up to 72
hours~ count in both directions on the divided highways.

8. FONT: Foundation rating - 10 points. Foundation can be rated only 10
for adequacy orO for inadequacy. A rating of 0 is given to sections if
any of the following conditions exist: 1 - traveled way less than 18
feet wide~ 2 - lack of adequate and ,uniform cross section, including
side ditches~ 3 - paved surface indicating failure that could not be
corrected by the addition of a few inches of surface material.

9. SUR: Surface. The surface receives a rating on the scale of 0 to 30.
If surface is in relatively good condition but showing first signs of
deterioration, it receives a rating of 15. More advanced decay, while
still in fair, usable condition, is rated between 10 and 15. Pavement
in a condition justifying replacement is assigned a rating of 10.
Increasingly poor conditions to the point of complete deterioration are
rated 10 to O.

10. DR: Drainage - 10 points. Lack or inadequacy of drainage facilities
reduces the total of 10 points allotted for completely adequate drain­
age. The amount of reduction is proportional to the relative lengths of
the deficient segment to the total rating section and the degree of the
deficiency.

11. SAF: Safety - 20 points. The other conditions that are rated also in­
volve features of safety~ however, this rating is concerned with certain
conditions as follows: 1 - stopping sight distance less than permitted
by the design speed~ 2 - horizontal curves sharper than perm~tted by the
design speed~ 3 - bridges narrower than the traveled way width~ and 4 ­
dips.

12. CAP: Capacity. A rating between 0 and 30 is assigned to represent the
capacity characteristic of the rating section. From a rating of 30,
indicating full capability to carry the actual existing traffic load
(ADT), to 'a rating of 0 to 10 indicating a deficient section, the de­
creasing numerical value indicates the increasing presence of signifi­
cant factors contributing to the decline of the traffic-carrying capa­
bility of the roadway.

13. OVAL RATG: Overall rating. This 'overall condition rating is an ad­
justed indicator representing a weighted average of the previous five
categories. The formula used to arrive at this adjusted rating from the
total rating takes into account the average. traffic volume for the sys­
tem of which it is a part.
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Hobbs transEortation syste~

~ Current traffic-flow levels are well within the existing capacity of the
street system. Inspection of the street system shows few unpaved streets
within the city limits. The condition of the street system appears to be
good and shows adequate maintenance.

The Hobbs area is served by the Hobbs-IJea County Airport, 3.2 miles west
of Hobbs on a paved four-lane highway. The Federal Aviation Administration
maintains a control tower and provides air and ground communications. The
longest runway at this airport is 7400 feet. At present, three commercial
carriers provide air service to Hobbs: Air Midwest, Crown Aviation, and
Permian Airways. Air Midwest has six, Crown has three, and Permian has two
daily arrivals and departures. These carriers give Hobbs connecting service
with Albuquerque and Carlsbad, New Mexico and Lubbock, Midland, and El Paso,
Texas.

Hobbs is served by the Texas-New Mexico Railroad, a subsidiary of the
Texas and Pacific Railway. This railroad provides daily freight service to
the Hobbs area and operates piggyback service from Lubbock, Texas.

Six interstate and intrastate motor-freight carriers serve the Hobbs
area: APEX Freight Lines, C-B Motor Freight, Illinois-California Express,
OEA Express, Texas and Pacific Motor Freight, and Yellow Freight Systems,
Inc. In addition, several trucking firms provide specialized or custom
hauling of heavy equipment. United Parcel Service serves the Hobbs area for
the shipment of ffiuall packages and envelopes. Bus service is provided by
Texas-New Mexico and Oklahoma Coaches, Inc., w~th nine arrivals and depar­
tures ~aily. There are no pUblic-transit facilities in Hobbs other than two
taxicab companies operating a total of five vehicles.

Loving transportation system

Traffic-flow levels within Loving are well within the existing capacity
of the street system. According to information obtained in 1979 from the
Village of Loving, no unpaved streets inside the corporate limits were left
after the paving construction completed by the New Mexico State Highway
Department in 1978. Traffic-flow statistics published by the New Mexico
State Highway Department are only for urban areas with a population of 5000
or more. Therefore, no statistics for Lov,ing are available to the public.

Air transportation for the city is available at the Cavern City Municipal
Airport in Carlsbad.

The Santa Fe Railroad, which passes directly through Loving, offers
piggyback services in Carlsbad for area residents. The New Mexico Transporta­
tion Company (Greyhound Bus Lines) provides six scheduled departures daily.
Three of these proceed north to Carlsbad, while three continue south to Pecos,
Texas. Motor-freight service is available in Carlsbad. Local bus or taxi
service is not available.

Loving has no public-transit facilities. However, the Eddy County Com­
munity Action Corporation operates a low-income transportation service. The
Carlsbad Association for Retarded Citizens Farm also provides transportation
for its Loving clients.
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Communications services and facilities

Information on communications services and facilities was obtained in
1979 from the General Telephone Company of the Southwest, which serves Carls­
bad. Loving, and Hobbs.

Carlsbad. In September 1979, the General Telephone Company of the South­
west had 12,302 main stations in the Carlsbad area. Of this total, 10,069
were residential customers and 1811 were business customers. The remaining
422 main stations include mobile services, pay stations, rural services, and
four-party business services.

Hobbs. In September 1979, 10,688 main stations were in service. Of this
.total, 7403 were residential customers, 3200 were bUSiness customers, and 85
were mobile business customers.

Loving. In September 1979, 539 main stations were in service, with 476
residential and 52 business customers. The remaining 11 main stations in­
cluded four-party business, mobile services, and rural services.

Recreation

The State Comprehensive Outdoor Recreation Plan produced in 1976 lists a
variety of popular activities in the two-county area. The 10 most popular
activities, in decreasing order of popularity, are park visits, picnicking,
attending sports events, bicycling, walking for pleasure, sightseeing, swim­
ming in pools, fishing, tennis, and camping.

The many recreation facilities shown in Figure H-14 meet the demand for
these activities. Primary among these facilities are the Lincoln National
Forest in the Guadalupe Mountains, the Presidents' Park along the Pecos River
in the City of Carlsbad, the Carlsbad Caverns National Park, the Living
Desert State Park, and several small fishing lakes. New Mexico Highway 137,
which enters the Lincoln National Forest, has been proposed as a scenic route.

Both Eddy and Lea Counties offer a variety of opportunities for hunting
birds and game.

Recreation within 10 miles of the site consists mainly of scattered bird
hunting on Bureau of Land Management property, recreational-vehicle driving,
or trail-biking. The area within the 10-mile radius offers very few unique
sightseeing attractions. Interviews with ranchers indicate that birdhunters
frequent the area mainly for quail. Some target practice and rabbit hunting
have been noted. However, none of these activities occur on a large scale or
appear to be coordinated among the local inhabitants.

Regarding the future, there are plans for developing new recreational
facilities and for expanding and improving existing facilities throughout
Eddy and Lea Counties.

The communities of Carlsbad, Hobbs, and Loving have plans for developing,
expanding, and improving their recreational facilities (parks, tennis courts,
shooting ranges, etc.) under the auspices of the Heritage Conservation and
Recreation Service Grants Program of the U.S. Department of the Interior.
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Outside the communities, primary examples of projects with future development
plans are the Living Desert State Park (State of New Mexico Parks and Recre­
ation Department), Cottonwood Cave (U.S. Forest Service) and the McKittrick
Hill Caves (Bureau of Land.. Management).

Carlsbad. The City of Carlsbad has numerous recreational facilities:
more than 100 playing fields; 12 tennis courts; 2 golf courses; 1 dirt auto­
race track; 1 bowling alley; 1 indoor and 1 outdoor movie theater; and 1
rollerskating rink. There are 17 municipal parks and 3 others just outside
the city. Other main attractions within the city limits include the Carlsbad
Municipal Museum and the complex of Lake Carlsbad and Presidents' Park. At
Lake Carlsbad there is an overnight campground as well as many picnic tables.
In addition, there is a ,senior citizens' recreation center. One KOA camp­
ground is within the city limits and one is 20 miles south, at the entrance
to the Carlsbad Caverns National Park at White City (Adcock, 1979).

Hobbs. The recreational facilities include 28 tennis courts, 2 golf
courses, 4 swimming pools', and 2 bowling alleys. There are 12 municipal
parks, 16.5 acres of public picnic grounds, and a variety of playground
equipment at the city parks. There are various ball parks throughout the
city and an active Little League. In addition, the State of New Mexico is
constructing a l20-acre state park at the Industrial Air Park just north of
the city's center. Completion is expected in late 1983 or early 1984.

Just north of Hobbs, at Humble City, there is a dirt track for auto rac­
ing. To the south there is a motor cross track on the Kornegay Ranch. Each
year in the Hobbs area there is a national soaring meet for sailplanes.

Other local recreational amenities include three fUlly enclosed handball
courts and many outdoor courts. There are a gun club and target range with
trap shooting nearby and several rodeo arenas (Adcock, 1979).

_,Loving. The recreational facilities available in the community of Loving
are primarily located in the village's two parks. A small children's park
containing a basketball court is located near the city hall. The larger
Guevara Park and recreational complex is in the southern part of town. The
park contains two baseball fields, a tennis court, a children's playground,
and a community center and picnic area. Other local recreational facilities
include the junior-high-school gymnasium and adjacent playing fields (Adcock,
1979).

Residents of Loving have access in Carlsbad to entertainment facilities
like swimming pools, movie theaters, bowling alleys, golf courses, etc.
(Adcock, 1979).

Solid-waste management

Data on solid-waste management were obtained in 1979 from the cities of
Carlsbad, Hobbs, and Loving. A summary is presented in Table H-23.

Carlsbad. Solid-waste collection and disposal service for Carlsbad is
provided by the city. The landfill site, northeast of the city (Figure H-7),
is operated in conjun~tion with Eddy County, which excavates the disposal
trenches. The landfill site is new and has an estimated life of 30 years.
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Table H-23. Solid-Waste-Disposal systemsa

Item Carlsbad

coLLEx::TION

Hobbs Loving

Responsible agency
Residential

Frequency
Monthly fee
Number of routes

Cormnercial
Frequency
Monthly fee

Number of routes
Number of vehicles by age

Two years or less
Three to five years
More than five years

Municipal

Twice per week
$3.00
7

1-6 per week
Based on time

to collect
1

7
4
3

Private

Twice per week
$3.00
4

1-6 per week
Based on container

size and frequency
2

3
2
3

Municipal

Once per week
$2.00
1

None

o
o
1

SANITARY LANDFILL

Responsible agency

Type of landfill

Size of landfill
Estimated remaining

life
Pieces of equipment
Disposal fee

Municipal and
county

Trench and
area

...... 50 acres

30 years
Ib
None

Private and
county

Trench

480 acres

30 years
2b
None

Municipal and
county

. Trench and
area
50

30 years
Ib
None

Number of employees

PERSONNEL

New

for

aData from the Carlsbad Sanitation Department (October 1979), waste Control of
Mexico (Hobbs, October 1978), and theyillage of Loving (October 1979).
bFigures given do not include" equipment or per~onnel provlded by the county

; .. ,~

excavation.

The city uses 14 garbage trucks" "three of wh~ch ar~: at least 5 years old, to
cover one cormnercial and seven residential routes. j The service area is de-

l"fined by the city limits.

Hobbs. Solid-waste collection and disposal in Hobbs is provided by apti­
vate firm using eight vehicles to"cover thefou~ reSidentIal and two cormner­
cial routes in the city. The landfill si1:'e for Hobbs, located east of the
city (Figure H-8), is operated in conjunction with Lea County. The 480-acre

~ site has an estimated life of 30 years.
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Loving.
provided by
operated in
trenches at
30 years.

Solid-waste collection and disposal service for Loving is
the village. The landfill site, located northeast of Carlsbad, is
conjunction with Eddy County, which excavates the disposal
the landfill site. The site is new and has an estimated life of

Loving has one vehicle to provide this service to the area defined by the
village limits shown in Figure H-9. The vehicle is more than 5 years old.

H.3.5 Local Government

Carlsbad. A mayor-council form of city government ser~es the City of
Carlsbad. The mayor is elected for a 2-year t~rm; the council members are
elected for 4-year terms.

Revenues for Carlsbad were about $10.4 million in fiscal year 1978-1979
(Table H-24).

About 64% of Carlsbad revenues came from intergovernmental tr~nsfers in
1978-1979, with State gross-rece:f.pts-tax distributions accounting for most of.
the State transfers. In fact, gross-receipts-tax revenues constitute the
largest single source of revenues for the city, accounting for more than 22\
of the 1978-1979 total. More than 52% of Carlsbad's own-source revenues came
from utilities in 1978-1979. On the other hand, as in most New Mexico
communities, property taxes contributed very little to total revenues, about
1% of general-fund revenues in 1978-1979 and an additional 1% to general­
obligation-bond revenues for the year.

In 1978-1979, Carlsbad municipal expenditures were $10.2 million (Table
H-25). One-third of all spending in the most recent fiscal year was for
personal services, 20% went to operating expenses, and 40% of the total
spending was for capital improvements. Debt service accounted for 7% of the
total expenditures.

The Constitution of the State of New Mexico limits the amount of general';'
obligation bonded debt that a municipality may incur without voter approval
to 20 mills,. or $20 per $1000 of assess~d property value. On the basis·of an
assessed valuation at the start of the 1978-1979 fiscal year of $47.2 million
(NMDFA, 1979a), the general-obligation bonded-debt limit without voter
approval for Carlsbad is $944,000. As of June 30, 1979, Carlsbad had an
outstanding general-obligation bonded debt in the amount of $825,000 (NMDFAj
1979b) •

There are no limits on the amount of bonded debt for bonds other than
general-obligation bonds) although many debt issues require voter approval.
The total debt outstanding for Carlsbad as of June 30, 1979, was $6.7 million
(NMDFA, 1979b).

Hobbs. Hobbs has a commission-manager form of government, with a five­
member commission.· Commission members are elected at large to 4-year over­
lapping terms. A mayor is elected from the commission for a term of 2 years~
A professional city manager is hired by the commission.
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Table H-24. Carlsbad Municipal Revenues for 1978-1979
(Thousands of Dollars)a

Source of revenue

Taxes
Property
Franchise
Occupation
Lodgers

Actual
revenuesa

OWN-SOURCE REVENUES

620
213
213
113

80

Revenues in constant
1979 do11arsb

648
223
223
118

84

Charges and miscellaneous
Licenses, permits, and fees
Charges for services

Utilities
Solid-waste disposal
Other

Fines and forfeits
Interest on investments
Sale of bonds
Miscellaneous

3,102
72

1,941
377
222
118

27
150
194

3,242
75

2,028
394
232
124

29
157
203

INTERGOVERNMENTAL TRANSFERS

State
Ga soIine tax
Cigarette tax
'Gross-receipts tax
Fire-district allocation
Auto-license distribution
Grants

Federal
Revenue sharing
Grants

Transfers, n.e.c. c

Total

2,679
188
117

2,302
30

2
40

942
224
718

3,109

10,453

2,800
196
122

2,406
32

2
41

985
234
751

3,248

10,922

aBased on the Carlsbad Budget Report, June 30, 1979, the Carlsbad
Municipal Quarterly Cash Report, June 30, 1979, and the Carlsbad Muni­
cipal Quarterly Report, June 30, 1978. Because of the level of detail
in the sources, it was necessary to estimate the values for-some reve­
nue categories. Detail may not equal total because of rounding.

bActual revenues adjusted by the Gross National Product Price
Index. Index values for third and fourth quarters estimated.

CNot elsewhere classified. Source of these transfers not clear.
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Table H-25. Carlsbad Municipal Expenditures for 1978-1979
(Thousands of Dollars)a

:i
Actual Expenditures in constant

Service function expendituresa 1979 dollarsb

General government 1,946 2,033
Personal services 338" 354
Operating expense 375 392
Capital outlay 1,233 1,288

Public safety 1,388 1,450
Personal services 1,124 1,174
Operating expense 187 195
Capital outlay 77 80

Public works 5,435 5,679
Personal services 1,627 1,700
Operating expense 1,141 1,192
Capital outlay 2,667 2,786

Health and welfare 31 32
Personal services 29 31
Operating expense 1 1
Capital outlay 0 0

Recreation and culture 689 720
Personal services 326 341
Operating expense 287 300
Capital outlay 76 79

Debt service 732 765
General-obligation bonds 85 89
Revenue bonds 647 676

Total 10,221 10,680

aBased on the Carlsbad Budget Report, June 30, 1979, the Carlsbad
Municipal Quarterly Cash Report, June 30, 1979, and the Carlsbad.Municipal
Quarterly Report, June 30, 1978. Because of the level of detail in the
sources, it was necessary to estimate the values of some expenditure
items. Detail may not equal total because of rounding.

bActual expenditures adjusted by the Gross National Product Price
Index. Index values for third and fourth quarters estimated.
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Hobbs municipal revenues were about $13.5 million in 1978-1979 (Table
H-26). Intergovernmental transfers accounted for about 52% of 1978-1979 reve­

~ues, mostly in the form of gross-receipts-tax distributions from state and
ederal grants. utility operations provided a second major source of reve­

nues--19% of own-source revenues and 9% of total revenues. property taxes,
including those allocated to debt service; accounted for'about 2% of revenues
in 1978-1979.

Expenditures for Hobbs were $13.5 million in 1978-1979 (details are given
in Table H-27). Spending for personal services amounted to approximately 30%
of the total spending for 1978-1979. During the same period operating
expenses were about 19% of the total, and capital outlays were about 47%.
Debt service required an additional 4%~

With an assessed valuation of $58·million (NMDFA, 1979a), Hobbs has a debt
limit of $1.06 million on general-obligation bonds that may be issued without
voter approval. The bonded debt may exceed the limit with voter approval.

The current (June 30, 1979) general-obligation bonded debt for the city is
$4.8 million. The total outstanding bonded debt as of June 30, 1979, was
$7.97 million (NMDFA, 1979b).

Loving. Loving has a mayor-council form of government. The mayor and the
five council members are elected for 4-year terms.

Loving municipal revenues were $278,500 in 1978-1979 (Table H-28). utility
fees were the largest single· revenue source, contributing 35% of total revenues
in 1978-1979. Local sources accounted for about 58% of total revenues, and
intergovernmental transfers provided about 42%.

Expenditures for Loving were $285,'500 in 1978-1979, or about $7000 more
than revenues (Table H-29). Personal services and operating expenses each
required about 30% of 1978-1979 expenditures, while capital outlays accounted
for 32%. Debt service was 7% of spending for the year.

An assessed valuation of nearly $1.1 million as
Loving a general-obligation debt limit of $21,560.
general-obligation bonds. As of June 30, 1978; the
nue bonds outst~nding (NMDFA, 1979c)~

of June 30, 1978, gave
Loving has no outstanding
city had $102,000 in reve-

Eddy County. Eddy County revenues for fiscal year 1978-1979 were $5.2
million (Table H-30). In 1978-1979, 74% of the revenues were from'·county
sources, with taxes on oil-and-gas production and equipment contributing 24%
of total revenues. Property taxes 'accounted ,for about 17% of the total for
the year.

.J

Eddy County expenditures for 1978-1979 totaled $4.1. million .'(Table H-3l).
General governmental functions and public works accounted 'for most of the
spending in 1978-l979~'with thelforril~r requiriilg more than '30% and the latter
41% of total county expenditures. . ""

The assessed valuation of property in the county as of August 1, 1978, was
$455 million (NMDFA, 1979a). With the New Mexico limit on county general­

~Obligation bonded debt of 4% of assessed valuation, Eddy County had a bonding
limit of $18.2 million. As of mid-1979, the county had no general-obligation
bonds outstanding.
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Table H-26. Hobbs Municipal Revenues for 1978-1979
(Thousands of Dollars)

aData from the Hobbs Municipal Report, June 30, 1979. Detail may
not equal total because of rounding.

bActual revenues adjusted by the Gross National Product Price
Index. Index values for third and fourth quarters estimated.

CNot elsewhere classified. Source of these transfers not clear.

4

18,433

4,765
, 151
4,615

4,916
280
181

4,003
25
84

342

i,042
396
269

17
, 336

24

7,706
43

1,702
647
320
198
761

3,883
151

Revenues in constant
1979 dollarsb

997
379
257

16
321

23

4

17,640

4,561
144

4,416

4,704
268
173

3,831
24
81

328

1,629
619
307
190
729

3,716
145

7,375
41

Actual
revenuesa

OWN-SOURCE REVENUES

Source of revenue

INTERGOVERNMENTAL TRANSFERS

Charges and miscellaneous
Licenses, permits, and fees
Charges for services

Utilities
SOlid-waste disposal
Other

Fines and forfeits
Interest on investments
Sale of bonds
Miscellaneous

Transfers, n.e.c:c

Taxes
Property
Franchise
Occupation
Gross receipts
Oil and gas

Federal
Revenue sharing
Grants

Total

State
Gasaline tax
Cigarette tax
Gross-receipts tax
Fire-district allocation
Auto-license distribution
Grants



Table H-27. Hobbs Municipal Expenditures for 1978-1979
(Thousands of Dollars)a

Actual Expenditures in constant
Service function expendituresa 1979 dollarsb

General government 1,644 1,718
Personal services 602 629
Operating expense 670 700
Capital outlay 373 390

Public safety 2,106 2,201
Personal services 1,912 1,998
Operating expense 123 129
Capital outlay 71 74

Public works 7 ,935 8,292
Personal services 846 884
Operating expense 1,339 1,399
Capital outlay 5,751 6,009

Health and welfare 540 564
Personal services 164 171
Operating expense 334 349
Capital outlay 42 44

Recreation and culture 765 799
Personal services 486 508
Operating expense 132 138
Capital outlay 147 154

Debt sarvice 5,22 545
General-obligation bonds 173 181
Revenue bonds 348 364

Total 13,512 14,120

aData from the Hobbs Municipal RePort, June 30, 1979. Detail may
not equal total because of rounding.

bActual expenditures adjusted by'the Gross National Product Price
Index. Index values for third and fourth quarters estimated.
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Table H-28. Loving Municipal Revenues for 1978-1979
(Thousands of ,Dollars) a

Source of revenue
Actual

revenuesa ··
Revenues in constant

1979 dollarsb

OWN-SOURCE REVENUES

Taxes
Property
Franchise
Occupation
Gross receipts (1/4%)

Charges and miscellaneous
Licenses, permits, and fees
Charges for services

Utilities
Solid-waste disposal
Other

Fines and forfeits
Miscellaneous

16.7
2.6
8.2
1.8
4.2

145.8
1.3

98.3
14.6
18.7
9.5
3.4

17.4
2.7
8.6
1.8
4.3

.152.4
1.4

102.7
15.2
19.6
9.9
3.5

INTERGOVERNMENTAL TRANSFERS

State
Ga so1ine tax
Cigarette tax
Gross-receipts tax
Fire-district allocation
Grants

Federal
Revenue sharing
Grants

Local

Total

41.8
5.0
2.8

16.6
15.9
1.4

16.3
16.1

0.2

57.9

278.5

43.7
5.2
3.0

17.3
16.6
1.5

17.0
16.8

0.2

60.5

291.0

aData from the Loving Municipal Report, June 30, 1979. Detail
may not equal total because of rounding.

bAc tua1 revenues adjusted by the Gross National Product Price
Index. Index values for third and fourth quarters estimated.
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, Table H-29. Loving Municipal Expenditures for 1978-1979
(Thousands of Dollars)

Service function

General government
Personal services
Operating expense
Capital outlay

Public safety
Personal services
Operating expense
Capital outlay
Lease purchase payment

Public works
Personal services
Operating expense
Capital outlay

Health and 'welfare
Personal services
Operating expense
Capital outlay

Recreation and culture
Personal services
Operating expense
Capital outlay

Debt service
General-obligation bonds
Revenue bonds

Total

Actual
expendituresa

32.1
11.6
20.2
0.2

70.0
30.4
16.2
22.6
0.8

148.7
40.5
45.4
62.8

5.3
4.4

o
0.9

9.8
0.2
3.6
6.0

19.7
o

19.7

285.5

Expenditures in constant
1979 dollarsb

33.5
12.2
21.1
0.2

73.2
31.8
16.9
23.6
0.8

155.4
42.3
47.4
65.6

5.6
4.6

o
1.0

10.2
0.2
3.8
6.2

20.6
o

20.6

298.4

aData from the Loving Municipal Quarterly Report, June 30, 1979.
Detail may not equal total because of rounding.

bActua1 expenditures adjusted-by the Gross National Product Price
Index. Index values for 'third and fourth quarters estimated.
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Table H-30. Eddy County Revenues for 1978-1979
(Thousands of Dollars)

aData from the Eddy County Treasurer's Financial Report for June
1979. Detail may not equal total because of rounding.

bActual revenues adjusted by the Gross National Product Price Index.
Index values for the third and fourth quarters estimated.

838
786

46
6

582
29

3
448

97
5

5457

2331
951

1316
17
47

1706
121

1
1

397
957
228

Revenues in constant
1979 d011arsb

557
28

3
429
93

5

802
752

44
6

2231
910

1259
16
45

1632
116

1
1

380
916
218

5222

Actual
revenuesa

OWN-SOURCE REVENUES

Source of revenue

INTERGOVERNMENTAL TRANSFERS

Taxes
Property
Oil and gas
Lodgers
Special

Charges and miscellaneous
Licenses, permits, and fees
Charges for services
Fines and forfeits
Interest on investments
Payment in lieu of taxes
Miscellaneous

State
Gasoline tax
Cigarette tax
Motor-vehicle tax
Fire-district allotments
Miscellaneous

Federal
Revenue sharing
Taylor Grazing Act
Miscellaneous

Total



TableH-3l. Eddy County Expenditures for 1978-1979
(Thousands of Dollars)

Actual Expenditures in constant
Service function expendituresa 1979 dollarsb

General government 1270 1327
Personal services 518 541
Operating expense 670 700
Capital outlay 83 86

Public safety 713 745
Personal services 360 377
Operating expense 252 263
Capital outlay 100 105

Public works 1671 1746
Personal services 717 750
Operating expense 687 718
Capital outlay 267 279

Health and welfare 349 365
Personal services 16 16
Operating expense 316 330
Capital outlay 18 19

Recreation and culture 96 100
Personal services 0 0
Operating expense 51 54
Capital outlay 44 46

Total 4099 4284

aEddy County Budget Report for month ending June 30, 1979. Detail
may not equal total because of rounding.

bAnnual expenditures adjusted by the Gross National Product Price
Index. Index values for third-and fourth quarters estimated.

Lea County. Lea County revenues in fiscal year 1978-1979 were $5.5 million
(Table H-32). At $1.9 million, oil-and-gasproducti6n and equipment taxes
provided 35% of county revenues in 1978-1979. Property taxes contributed an
additional 16%. Overall, county sources accounted for 73% of total revenues.

I

Expenditures for 1978-1979 were $4.2 I!l~llion (Table H";;33>-. Spending on
public works accounted for 45% of county ~xpenditures in 1978-1979, and
general government function~ required 30%.

The total assessed valuation or property in Lea County as of August 1,
1978, was $596 million. The general-obligation~bonded debt limit (4% of
assessed valuation) was $23.8 million in mid-1978. Lea County has no
outstanding general-obligation bonds.

H-7l



Table H-32. Lea County Revenues for 197~-1979

(Thousands of Dollars)

Source of revenue

Taxes
Property
Oil and gas

Actual
revenuesa

OWN-SOURCE REVENUES

2810
889

1921

Revenues in constant
1979 dollarsb

2937
929

2007

Charges and miscellaneous
Licenses, permits, and fees
Charges for services
Fines and forfeits
Interest on investments
Payment in lieu of taxes
Miscellaneous

1233
110
100

25
639
307

53

1289
115
104

26
667
321

56

INTERGOVERNMENTAL TRANSFERS

State
Gasoline tax
Motor-vehicle tax
Cigarette tax
Fire-district allotments

Federal
Revenue sharing
Tayl~r Grazing Act
Grants

Total

518
10

484
2

22

980
625

21
334

5542

542
11

506
2

24

1024
653

22
350

5791

aData from the Lea County Budget Officers Report (Detail of
Receipts), June 29, 1979. Detail may not equal total because of rounding.

bActual revenues adjusted by the Gross National Product Price Index.
Index values for the third and fourth quarters estimated.
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Table H-33. Lea County Expenditures for 1978-1979
(Thousands of Dollars)

Actual Expenditures in constant
Service function expendituresa 1979 do11arsb

General government 1,293 1,351
Personal services 487 509
Operating expense 398 416
Capital outlay 407 425

Public safety 674 704
Personal services 405 423
Operating expense 161 168
Capital outlay 108 112

Public works 1,895 1,980
Personal services 724 756
Operating expense 648 677
Capital outlay 523 547

Health and welfare 372 388
Personal services 46 48
Operating expense 201 210
Capital outlay 125 130

Recreation and culture 10 10
Personal services 0 0
Operating expense 10 10
Capital outlay 0 0

Total 4,243 4,433

aData from the Lea County Budget Officers Report, June 30, 1979.
Detail may not equal total because of rounding.

bActua1 expenditures adjusted by .the Gross National Product Price
Index. Index values for third and fourth quarters·~stimated.

'j'
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School-district finances

Carlsbad. Carlsbad School District C, which encompasses most of southern
Eddy·County, had total revenues of $23.1 million in 1978-1979 (TableH-34).
Some 42% of total resources were ql10cated to the operational fund. State
sources provided 77% of operational fund income; local sources provided 22%.
The largest single source of income for 'the year was a bond sale, which yield­
ed $9.23 million, or nearly 40% of receipts for 1978-1979•.

District expenditures totaled $15.2 million in 1978-1979, about $8 million
less than income (Tables H-34 and H-35). Operational expenditures accounted
for 68% of total spending, with direct-instruction costs contributing the
largest single share (34%).

The total assessed valuation of property in the district in 1977 was $214
million, up 17% from the previous year. A total school-district.tax rate of
$10.925 per $1000 of assessed valuation was in effect during both 1976-1977
and 1977-1978. In 1978-1979 the tax rate was $17.509 (NMPSFD, 1978).

Hobbs. Hobbs School District 16, which includes much of central Lea
County, had a 1978-'-1919 income of $i2.6 million (Table H-'-34). About 85% of
the total district income went to the operational fund. State sources pro~

vided more than 82% of operational-fund revenues, while local sources provided
17%.

A total of $12.7 million was spent by the district in 1978-1979 (Table
H-35). Of this total, $10.6 million, or 84%, were operationai expenditures,
chiefly for direct instruction.

The property in the district had a total assessed value of $164 million in
1977, an' increase of 9.5% over the previous year. The district tax· rate for
1978-1979 was $11.580 per $1000 of assessed valuation, down from $11.780 for
the previous year (NMPSFD, 1978).

Loving. Loving. School District 10, which runs in a narrow band from
Loving to the Eddy and Lea County line, had total reve~ues of $752,000 in
1978-1979 (Table H-34). Operational-fund revenues accounted for 74% of the
total. State sources, primarily from property-tax equalization, provided 69%
of operational fund revenues, while local sources provided 30%.

District expenditures amounted to $785,000 in 1978-1979 (Table H-35).
Operational-fund expenditures accounted for nearly 80% of total spending,
while special projects accounted for the remaining expenditures. .

The. total assessed valuation of property in the Loving distr ict in mid-1977
was $6.6 million, up 3.4% from the previous year. The district tax levy in
effect for the 1978-1979 school year was $10.925 per $1000 of assessed valua­
tion, the same tax .rate as that for the previous 2 years (NMPSFD, 1978).'
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Table H-34. School District Revenues for 1978-1979
(Thousands of Dollars)

Source of revenue
Actual:revenuesa

Carlsbad Hobbs Loving

Revenues in constant
1979 dollarsb

Carlsbad Hobbs Loving

Operational fund
Local sources

District school­
tax levy

Other
State sources

State equalization
Transportation
Other

Federal sources
Public Law 874
Other

Abatements
Debt service funds

Interest fund
Pr inc ipal fund

Building funds
Sale of bonds
Earnings from

investments
Other

Federal-projects fund
Capital-improvement fund
Activity and cafeteria

funds
Other funds

Total

9,706

1,988
105

6,951
372
158

146
34

(42)
1,220

453
767

9,726
9,230

494
2

754
467

1,026
243

23,142

10,621

1,623
203

8,392
275

84

o
43
(3)

457
56

401
21
o

20
(c)

326
76

1,052
o

12,553

553

146
20

350
25

5

3
4
o

(c)
(c)
(c)
o

103
42

54
o

752

10,142

2,077
110

7,263
389
165

153
36

(44)
1,275

474
801

10,163
9,645

516
2

788
488

1,072
254

24,182

11,098

1,695
212

8,769
287

87

o
44
(3 )

478
58

419
22
o

21
(c)

341
79

1,099
o

13,117

578

153
21

366
26

5

3
4
o

(c)
(c)
(c)
o

108
44

56
o

786

aData from the "Monthly Cash Report" and the "Monthly Activity Report,"
1978-1979, for the Carlsbad, Hobbs, and Loving School Districts. Detail may
not equal total because of rounding.

bActual revenues adjusted by the Gross National Product Price Index.
Index values for the third and fourth quarters estimated.

cLess than $500.
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Table H-35. SchOOl District Expenditures for 1978-1979
(Thousands of Dollars)

•Expenditures in constant
Actual expendituresa 1979 do11arsb

Expenditures Carlsbad Hobbs Loving Carlsbad Hobbs Loving

Administration 327 309 37 342 323 38
Direct instruction 5,163 5,873 307 5,395 6,137 321
Instructional support 1,349 1,140 82 1,409 1,192 85
Health services 76 47 4 79 50 4
Pupil transportation 402 273 25 420 285 26
Operation of plant 815 930 50 851 972 52
Maintenance of plant 357 316 8 373 330 9
Fixed charges 1,319 1,237 78 1,378 1,292 82
Food services 8 0 0 8 0 0
Noninstructional support 172 71 4 180 74 5
Community services 34 57 17 35 60 18
Capital outlay 179 339 15 187 352 16
Special projects 47 23 0 49 24 0

Subtotal 10,247 10,613 627 10,707 11,090 655

Build ing fund 2,223 62 0 2,323 65 0
Debt service 252 572 0 263 598 0
Special projects 2,445 1,447 158 2,555 1,512 165

Total 15,168 12,695 785 15,849 13 ,266 820

aData from the "Monthly Budget Report," 1978-1979, for the Carlsbad,
Hobbs, and Loving School Districts. Detail may not equal total because of
rounding.

bActual expenditures adjusted by the Gross National Product Price Index.
Values for the third and fourth quarters estimated.
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H.4 METEOROLOGY

~ H.4.l Regional Climate

The information used to evaluate the climate of the region surrounding the
WIPP site consisted of Climatological Data summaries for recording stations in
New Mexico, Local Climatological Data summaries for Roswell, New Mexico, and
wind summaries for Lubbock, Midland"'Odessa, and El Paso, Texas. The climato­
logical data were obtained from the National Climatic Center of the National
Oceanic and Atmospheric Administration. Precipitation and temperature summa­
ries from stations at Carlsbad, the Duval potash mine, Jal, Pearl, and Ochoa
were also included because 'of their proximity to the WIPP site. The Local
Climatological Data summaries provided extreme and normal values of the mete­
orological parameters (for the period of record at the Roswell Municipal Air­
port and more recent data from the Roswell Industrial Air Center) that were
used to characterize the regional climate.

General climate

The climate of the region is semiarid, with generally mild temperatures,
low precipitation and humidity, and a high evaporation rate. Winds are most
commonly from the southeast and moderate. During the winter, the weather is
dominated by a high-pressure system often situated in the central portion of
the Western United States and a low-pressure system commonly located in north­
central Mexico. During the summer, the region is affected by a low-pressure
system normally situated over Arizona. The regional climate is significantly
affected by these large-scale pressure systems and their seasonal variations
(EDS, 1968~ Baldwin, 1973~ NOAA, 1974).

The region, meteorologically referred to in New Mexico as the Southeastern
Plains, is an area of over 30,000 s9uare miles that marks the western extrem­
ity of the Great Plains, which end at the Sacramento and Guadalupe Mountains
40 to 60 miles west of the site. It is bounded on the east and south by an
erosional escarpment in central Texas. Elevations range from less than 3000
feet in the south and east to more than 4000 feet in the north, with the down­
slope to the east and south averaging 600 feet per 100 miles. The terrain is
characterized by gently rolling hills of moderate relief, dissected by many
small stream valleys.

Moderate temperatures are typica~ throughout the year, although seasonal
changes are distinct. Mean annual temperatures in southeastern New Mexico are
near 600F (Eagleman, 1976'); Temperatures in December through February show
a large diurnal variation, averaging 360Fi at Roswell (the nearest National
Weather Service station with 'appropr'iate 'data and an' adequate per iod of re­
cord). Although on approximately 75% bf winter days morning temperatures are
below freezing, afternoon maximum temperatures average well up in the fifties,
and afternoon winter temperatures of 700p or more are not uncommon. Night­
time lows average near 230F~ -- occasion'ally dipping as l.ow as 14oF. There
are perhaps only 2 or3 winter "days when 'the :temperature -fails to rise above
freezing. The lowest recorded temperature at Roswell was ;';'290F, in February
1905. During June through-Auglist,the -temperature is above 900F approxi­
mately 75% of the days, with readings' of 1000F or higher occurring on a num­
ber of afternoons. However, even the hottest month, July, with average daily
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temperatures in the upper seventies, will have morning lows below 68OF. The
highest recorded temperature at Roswell was 1100F, in July 1958 (NOAA, 1974).

Precipitation in the region is light and unevenly distributed through the ..
year, averaging 11 to 13 inches (Table H~36) (NOAA, 1972~1976). Winter is the
season of least precipitation, averaging less than 0.'6 inch of rainfall per
month. Snow averages about 5 inches per year (Baldwin, 1973) and seldom re-
mains on the ground for more than a day at a time because of the typically
above-freezing temperatures in the afternoon. Approximately half the annual
precipitation comes from frequent thunderstorms in June through September.
Rains are usually brief but occasionally intense when moisture from the Gulf
of Mexico spreads over the region. The minimum annual precipitation measured
during the last 40 years at Roswell was 4.35 inches, in 1956~ the maximum
recorded was 32.92 inches, in 1941. The maximum monthly precipitation was
9.56 inches, in August 19l6~ the maximum 24-hour rainfall was 5.65 inches, in
November 1901 (NOAA, 1974).

Prevailing winds are from the south. The normal mean wind speed at Ros­
well is 9.6 mph (see Table H-37) (NOAA, 1974).

Heavy precipitation

'The maximum cumulative rainfall (Jennings, 1963) at Roswell is shown in
Table H-38i the maximum 24-hour rainfall was 5.65 inches, in October 1901.
The maximum 24-hour snowfall in Roswell was 15.3 inches, in December 1960.
The greatest snow accumulation over a I-month period was 23.3 inches, in Feb­
ruary 1905 (NOAA, 1974).

Thunderstorms and hail

Th~ region experiences about 33 thunderstorm days annually, with about
80% occurring from May to September (NOAA, 1978). A thunderstorm day is re­
corded if thunder is heard~ the record is not related to observations of rain
or lightning and does not indicate the severity of the storms experienced in
the region.

Hail is most likely in April through June and is not likely to develop
more than three times a year. During a 39-year period at Roswell, hail was
observed 97 times (about 2.5 times per year), occurring nearly two-thirds of
the time between April and June (U.S. Army, 1958). For the I-degree square
surrounding the WIPP site (320 to 330 N by 1030 to 1040 W) hailstones
0.75 inch or larger'were reported eight times from 1955 to 1967 (slightly less
than once per year) and windstorms with speeds of 50 knots or higher occurred
10 times--approximately one per year (Pautz, 1969).

Tornadoes

For the period 1916-1958, 75 tornadoes were reported in New Mexico on 58
tornado days (Wolford, 1960). Data for 1956'through 1974 indicate a state­
wide total of 191 tornadoes on 141 tornado days (NOAA, 1975), or an average of
10 tornadoes per year on 7 tornado days. The greatest number of tornadoes in
1 year was 18~ the least was 2. Most tornadoes occur in May and June (Pautz,
1969). From 1955 through 1967, 15 tornadoes were reported in the I-degree
square containing the site (Markee et al., 1974).
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Table H-36. precipitation Rates for Southeastern New Mexicoa

Station
and Eleva-
distance:, tion
from " above MSL precipitation (inches)
wrpp (mi) (ft) Jan., Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Ann. 1972 1973 1974 1975 1976

Carlsbad, 3,120 0.37 0.78 0.24 0.07 1.07 1.31 2.46 1.54 4.51 1.94 0.38 0.28 14.96 18.74 11.47 23.11 10.22 ,11.26
25 . (0.45) (0.30) (0.51) 10•48 (1.51) (1.44) (1.62) (1.76) (1.61) (1.47) (0.35) (0.41) (11.91)

Duval 3,520 0:53 0.67 .0.37 0.33 1.24 0.50 3.11 1.79 4.29 1.92 0.46 0.24 15.46 17.31 11.91 19.49 13.92 14.69
potash

= mineb
I 12
~
\D

Ja1, 31 3,149 0.43 0.53 0.36 0.51 1.23 1.15 2.40 1.72 2.88 1.33 0.28 0.14 12.96 8.16 9.83 20.57 13.68 12.56
(0.51) (0.30) (0.48) (0.65) (1.52) (1.31) (1.63) (1.60) (1.48) (1.39) (0.74) (0.42) (11.67)

Pearl; 25 3,799 0.35 0.69 0.32 0.32 2.01 2.19 3.74 2.08 3.81 1.50 0.39 0.20 17.54 17.92 11.62 22.10 24.68 11.87
(0.40) (0.34) :(0.52) (0.64) (1.79) (1.68) (2.11) (1.95) (1.80) (1.31) (0.33) (0.43) (13.32)

Ochoa, 22 3,458 0.53 0.55 0.31 0.24 1.15 0.89 2.25 2.18 3.16 0.96 0.25 0.13 12.74 8.86 9.43 19.14 11.65 14.64
(0.49) (0.30) (0.51), (0.63) (1.38) (1.35) (1.48) (1.19) . (1.53) (1.24) (0.40) (0.32) (11.17)

aMonthly'!Uld annual average precipitation for the years 1971-1976, and normal precipitation (shown in parenthesesJ based on period 1941-1970) for
stations in southeastern New Mexico. .

~rma1 values not available.



Table H-37. Normal Mean Wind Speeds for Roswell, New Mexico, 1941-1970

Mean wind Mean wind •Month speed (mph) Month speed (mph)

January 8.4 July 9.4
February 9.8 August 8.4
March 11.5 September 8.3
April 11.8 October 8.2
May 11.4 November 8.5
June 10.8 December 8.4

Table H-38. Maximum Cumulative Rainfall at Roswell, New Mexico, for
Various Time Periodsa

Maximum cumulative rainfall (inches)
5 min 10 min 15 min 30 min 60 min

Roswell 0.55 1.01 1.34 1. 71 2.22
Date 6/6/30 6/6/30 5/12/50 5/12/50 9/14/23

2 hr 3 hr 6 hr 12 hr 24 hr

Roswell 2.88 3.38 4.82 5.19 5.65
Date 9/16/23 8/8/16 8/7/16 8/7/16 10/31/01

aperiod of record 1905-1961, except for the 24-hour rainfall, for
which the period of record is 1895-1961.

Thorn (1963) has developed a procedure for estimating the probability of a
tornado's striking a given point. The method uses a mean tornado path length
and width and a site-specific frequency. Applying Thorn's method to the WIPP
site yields a point probability of 0.00081 on an annual basis, or a recurrence
interval of 1235 years. An analysis by Fujita (1978) yields a point tornado­
recurrence interval of 2832 years in the Pecos River valley.

According to Fujita (1978), the design-basis tornado with a million-year
return period has a maximum wind speed of 183 mph, a rotational speed of 146
mph, a maximum translational speed of 37 mph, a minimum translational speed
of 5 mph, a maximum-rotational-speed radius of 150 feet, a pressure drop of
0.69 psi, and a pressure-drop rate of 0.08 psi/sec.

Freezing precipitation

The region can expect about 1 day of freezing rain or driZZle per year
(U.S. Army, 1958). An ice accumulation of more than 0.25 inch has not been
observed. Any ice accumulation that does occur is thin because of the scar­
city of precipitation during the winter months and because daytime temper­
atures rise well above freezing.
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Strong winds

The fastest-mile winds* recorded at the Roswell Industrial Air Center
during a 6-year period of record are shown in Table H-39 (NOAA, 1978). The
fastest observed I-minute wind ever recorded at Roswell was 75 mph from the
west in April 1953 (NOAA, 1978). The 100-year-recurrence 30-foot-level wind
speed in southeastern New Mexico is 82 mph. The mean recurrence interval for
high wind speeds at 30 feet above the ground in southeastern New Mexico is
shown in Table H-40 (ANSI, 1972; Thorn, 1968).

Table H-39. Fastest-Mile Wind Speeds at Roswell, New Mexico

Month Speed (mph) Direction Month Speed (mph) Direction

January 47 NW July 42 NE
February 56 NW August 44 NW
March 52 NW September 40 NE
April 48 SW October 44 (a)
May 60 NW November 65 NE
June 73 NW December 58 SW

aThis speed was measured on a I-minute anemometer as 44 mph from 220
degrees (approximately southwest).

Table H-40. Recurrence Intervals for High Windsa
in Southeastern New Mexicob

Recurrence (years)

2
10
25
50

100

aFastest mile.
bnata from Thorn (1968).
CAt 30 feet above the ground.

Speed (mph)C

58
68
72
80
82

*The fastest-mile wind speed listed for .. each .m9nth is the fastest speed
determined during that month by measur'ing the time~ taken for a I-mile-long
column of air to pass a measuring instrument. These are averages, for
example, over a period of 1.25 minutes at 48 mph.
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Table H-4l. Seasonal Frequencies of Inversionsa

Season

Spring
Sununer
Fall
Winter

Inversion frequency
(% of total hours)

32
25
36
47

Frequency (%) of 24-hr periods 'Ii
with at least 1 hr of inver-

sion based below 500 ft

65
68
72
80

aData from Hosler (1961).

Inversions and high air-pollution potential

Hosler (1961) and Holzworth (1972) have analyzed records from several
National Weather Service stations with the objective of characterizing the
atmospheric-dispersion potential. Seasonal frequencies of inversions based
below 500 feet for the region are shown in Table H-4l. A large number of
these inversions are diurnal (induced by solar radiation) as a consequence of
the elevation and the continental climate.

Holzworth (1972) gives estimates of the average depth of vertical m1x1ng, .
which indicates the thickness of the atmospheric layer available for the mix- .
ing and dispersion of effluents. The seasonal afternoon mixing depths for the
region (Table H-42) range from 1320 meters in the winter to 3050 meters in the
sununer.

Table H-42. Daily Mixing Depths: Seasonal Values

Season

Spring
Summer
Fall
Winter
Annual

H.4.2 Site Climate

Daily afternoon m1x1ng
depth (meters)

2800
3050
2000
1320
2400

On-site meteorological data were used to characterize the local meteor­
ology of the site. The meteorology station was located in Section 11, R3l E,
T 22 S, from January to June 1976 and in Section 15 from June 1976 to May
1977 ~ it has been in Section 21 since May 1977. These locations are repre­
sentative of local terrain conditions. until May 1977, a lO-meter tower was
used primarily to collect wind, temperature, and precipitation (surface)
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data. Subsequently, the station was upgraded to a 30-meter tower designed to
comply with most of the criteria of ~egulatory Guide 1.23 of the Nuclear
Regulatory Commission (NRC). The primary measurements. obtained include wind,
temperature, and the temperature difference (~T) between 3 and 10 meters, arid
between 10' and 30 meters above the ground. '. Additional climatological data
(e.g., dew point, precipitation, solar and terrestrial radiation, etc.) are
also collected. In September 1978 the 30-meter-level instruments were raised
to 40 meters to improve the accuracy of dT measurements in compliance with
Regulatory Guide 1.23. All data are recorded by a data logger and backup
stripchart recorders. A detailed description of the data-collection program
is given in AppendixJ.

Available summary on-site meteorological data presented in this doqument
include temperature and precipitation data for the period.May 1976 through May
1979 as well as wind and atmospheric-stability data for June 1977 through May
1979. The representativeness of the on-site data-collection period has been
established by comparison of concurrent data from the Roswell Industrial Air
Center with long-term data.

Normal and 'extreme values of meteorological parameters

Wind summaries. Wind-direction and wind-speed measurements were obtained
from the 2-year site data collected at the 30-foot level., Wind roses for the
site and for Roswell, New Mexico; for the period ,June 1, 1977, 'to May 31, 1979,
are shown in Figure H-lS. Long.;.term (1973-l97E» annual wind roses for Roswell
and Midland-Ddessa, Texa~ (the next nearest National Weather Station with
suitable data) are also shown in this figure. Differences between station
summaries are attributed to regional terrain effects and variations in the
periods of record used.

The 2-year site wind record (Table H-43) shows the southeast, south­
southeast, and east-southeast winds occurring most frequently (18.9%, 15.2%,
and 9.1% of the time, respectively). All other directions are about equally
represented at 2.9% to 8.4% of the time. Monthly wind-rose data are presented
in Tables 1 through 24 in Annex 1.

Temperatures. Monthly average, average daily maximum, and average daily
minimum temperatures for'June 2,1976, ~hrou9hMay 31, 1979, are presented'in
Tabla H-44, which also shows correspondirig data and no~mai values for Roswell
(NOAA, 1977, 1978, 1979).

Average temperatures at th~ ,site showlarcje'.. seasonal differences, ranging
from 37.2Op in the winter to 82.6oF, in the summ~r. The: highest and lowest ,
temperatlires reqorded. at the Roswell IndustiHil Air Cen'ter between January 1,
1973, and December 31; 1978, were 1070 F ·(June.197'f>. and' 30 F(January 1977)
(NOAA, 1978), -respectivelY~ the highesj:ancfl~west temp,eratures ,r·ecordedat
the site between ·June-I, T976~ and May 31, 1979., were :103.l'andO. 70 F, re­
spectively. At the site, the average ~inte.r mirl'imum temperaturesarec~n~ist­
ently higher than those in Roswell'~'and' the summer maximum temperatures are ,
lower. These differences' can be mainly attr ibuted .tothe ,locations of the,'
temperature sensors (30 feet above tne.sl1rface:i:it the' site and 5 feet at Roswell).- . .' .- .
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Figure H-15. Annual wind roses for (a) the WIPP site, June 1, 1977, to May 31, 1979;
(b) Roswell, June 1, 1977, to May 31, 1979; .(c) annual average'(1973.1976)
for Midland-Odessa, Texas; and (d) annual average for Roswell (1973-1976).
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Table 8-43. Distribution of Wind Directions at the Site, June 1977-May 1979

Direction
Month NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW N Calm

January 4.3 3.1 4.5 6.4 9.2 16.3 17.3 11.0 5.0 2.0 2.5 5.2 3.9 2.1 3.3 3.5 0.6

February 3.9 7.4 5.8 5.1 6.6 13.6 14.0 8.3 4.0 4.1 4.5 5.0 5.0 4.7 3.5 3.7 0.5

March 2.8 2.9 3.4 8.9 6.6 15.2 12.0 7.8 4.0 3.9 6.7 8.9 4.5 3.4 3.2 4.0 0.2

April 2.9 3.8 5.1 5.0 8.8 15.7 9.3 7.5 4.7 5.6 8.3 7.5 4.5 3.4 3.5 3.5 0.2

--
3.9 3.0 3.5 4.0 8.2 17.0 13.2 9.6 7.0 5.6 4.9 7.2 3.4 2.5 3.3 4.7 0.2May

III
I

4.6(X) June 2.8 3.7 5.4 8.2 27.8 22.9 9.2 4.0 2.3 0.9 1.0 0.9 1.8 2.7 1.9 0.2
U'I

July 1.1 2.4 3.1 3.8 11.0 37.0 24.8 7.9 3.3 1.8 0.7 0.6 0.2 0.3 0.8 1.0 0.2

August 1.5 3.4 5.9 4.2 8.8 21.9 20.2 12.8 5.8 2.2 2.2 2.3 1.9 1.9 2.4 2.3 0.3

September 3.7 6.4 5.9 4.5 6.5 17 .8 13 .9 6.9 6.2 4.2 4.2 5.9 2.4 3.3 4.4 3.3 0.3

October 2.8 4.5 4.1 4.1 12.4 18.9 13.0 11.4 6.9 2.8 3.5 3.7 2.3 2.9 2.5 3.3 0.8

November 5.6 6.1 6.3 5.6 9.7 15.3 11.6 8.2 4.7 3.8 3.4 4.3 3.9 3.2 3.2 4.9 0.2

December 5.0 5.4 5.3 4.8 5.0 10.7 10.5 8.4 6.2 6.7 6.4 6.9 4.9 5.0 3.9 4.2 0.6
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Table H-'44a. Temperatures at Roswell and the WIPP Site, 1976..,.1977

Temperature (OF)
Monthly average· Average daily maximum· Average daily.minimum

Roswell Site, Roswell Site, Roswell Site,
Month Normal 6/76-5/77 6/76-5/77 Normal 6/76-5/77 6/76-5/77 Normal 6/76-5/77 6/76-5/77

January 38.1 38.6 38.7 55.4 52.5 51.6 20.8 24.7 27.1
February 42.9 48.2 48.6, 60.9 63.0 61.9 24.,8 33.4 36.9
March 49.3 . 52.1 54.3 57.7 68.2 67.6 30.9 35.9 40.6'

III April 59; 7 62.3 63.5 78.2 76.7 77 .2 41.2 47.9 48.6
I May 68.5 73.3 73.8 86.4 87.5 86.9 50.5 59.1 61.900

m June 77 .0 79.3 78.4 94.2 93.4 91.2 59.8 65.2 65.1
July 79.2 78.6 75.4 94.7 90.1 87.8 63.7 67.1 65.1
August 77.9 80.3 78.6 93.4 93.1 91.2 62.3 67.4 66.7

\, SeptembeF 70.4 71.2 70.3 86.5 82.9 82.0 54.3 59.4 60.8
October 59.6 56.2 56.1 77.0 70.3 69.6 42.2 42.1 44.2
November 46.9 42.7 46.4 64.8 56.5 58.1 29.0 28.9 34.5
December 39.3 39.3 42.1 56.8 56.1 57.0 21.8 22.5 28.9

Annual 59.1 60.2 60.5 76.3 74.2 73.5 41.8 46.1 48.4



Table H-44b. Temperatures at Roswell and the WIPP Site, 1977-1978

Temperature (OF)
Monthly average Average daily maximum Average daily m1nimum

Roswell Site, Roswell Site, Roswell Site,
Month Normal 6/77-5/78 6/77-5/78 Normal 6/77-5/78 6/77-5/78 Normal 6/77-5/78 6/77-5/78

January 38.1 36.04 37.2 55.4 47.6 48.7 20.8 24.3 28.6
February 42.9 43.6 39.6 60.9 55.7 51.3 24.8 31.5 32.2
March 49.3 55.6 55.6 57.7 71.1 67.8 30.9 40.1 43.2

= April 59.7 66.2 66.9 78.2 82.3 79.2 41.2 50.1 53.8
I May 68.5 71.5 72.0 86.4 86.1 83.7 50.5 56.8 59.5

(X)
June 77 .0 81.6 78.6 94.2 96.1 91.4 59.8 67.0 61.3-..J
July 79.2 84.2 81.1 94.7 97.4 93.7 63.7 70.9 68.5
August 77 .9 83.0 81.7 93.4 95.0 94.3 62.3 71.0 70.2
September 70.4 78.4 57.7 86.5 92.2 90.9 54.3 64.6 66.2
OCtober 59.6 64.1 63.3 77.0 77.5 76.1 42.2 50.6 54.0
November 46.9 53.1 53.6 64.8 68.9 65.8 29.0 37.3 42.4
Decembe'r ,39.3 47.0 49.5 56.8 62.9 60.8 21.8 31.1 37.8

Annual 59.1 63.7 61.4 76.3 77.7 75.3 41.8 49.6 51.5



Table H-44c. Temperatures at Roswell and the WIPP Site, 1978-1979

Temperature (Op)

Monthly average Average daily maximum Average daily minimum
Roswell Site, Roswell Site, Roswell Site,

Month Normal 6/78-5/79 6/78-5/79 Normal 6/78-5/79 6/78-5/79 Normal 6/78-5/79 6/78-5/79

January 38.1 34.9 37.0 55.4 45.5 46.8 20 .8 24.2 28.6
February 42.9 43.6 45.7 60.9 59.2 57.9 24.8 28.0 35.1
March 49.3 50.5 52.9 67.7 65.6 63.5 30.9 35.3 43.2

II: April 59.7 60.6 62.8 78.2 75.8 73.8 41.2 45.3 44.6
I May 68.5 67.5 68.0 86.4 81.2 79.5 50.5 53.7 57.2

(Xl June 77.0 79.37 78.4 94.2 92.7 90.9 59.8 65.8 66.6(Xl

July 79.2 83.4 82.6 94.7 96.2 93.0 63.7 70.5 72.1
August 77.9 78.0 79.0 93.4 89.9 89.6 62.3 66.0 68.7
September 70.4 69.2 70.2 86.5 79.8 78.6 54.3 58.6 62.6
October 59.6 60.3 61.7 77 .0 74.1 72.9 42.2 46.5 52.2
November 46.9 49.0 52.0 64.8 58.7 60.3 29.0 39.3 44.4
December 39.3 37.2 42.3 56.8 50.7 52.7 21.8 23.7 32.2

Annual 59.1 59.5 61.1 76.3 72.5 71.6 41.8 46.4 50.6



Precipitation and atmospheric moisture. Precipitation data for the site
are available for June 1,' 1976, through May 31, 1979. Table H-45 shows the
monthly totals for Roswell and the WIPP site, as well as the average monthly
normals for Roswell (NOAA, 1977, 1978, 1979).

Monthly cumulative precipitation at the site ranged from a trace in De­
cember 1977 to 5.19 inches in September 1978. At Roswell it ranged from 0.00
inch in December 1976 to 4.45 inches in August 1977 (normal ranges for Roswell
are 0.29 and 1.48 inches).

The differences between the Roswell 2-year data and the site are typical
of precipitation spatial variations in the area.

The dew-point temperature is the temperature to which the air must be
cooled to become saturated with water vapor (pressure and water-vapor content
remaining constant). Thus the difference between the ambient and the dew­
point temperatures (the dew-point spread) is a measure of the atmospheric
moisture content.

The annual average and dew-point temperatures at Roswell and at the WIPP
si te are shown in Table H-46. The data per iods are June 1, 1977, through May
31, 1979. At Roswell, 78.8% of the time the dew-point spread was greater than
8.lOp. At the site, this value was exceeded 88.9% of the time.

Atmospheric stability

Estim~tes of the average dispersion of effluents by atmospheric fluctua­
tions over extended periods are generally based on the joint probability of

Table H-45. Roswell and WIPP Precipitationa

Roswell WIPP site
Month Normal 76-77 77-78 78-79 76-77 77-78 78-79

June 1.24 1. 55 0.25 4.31 0.67 1.09 3.74
July 1.71 2.44 0.46 0.52 0.65 0.69 0.63
August 1.48 1. 98 4.45 3.49 0.57 0.57 2.01
September 1.47 2.29 0.29 3.58 3.29 2.09 5.19
October 1.22 0.69 0.62 1.47 0.67 2.02 1.33
November 0.29 0.41 0.48 1.25 0.11 0.19 3.51
December 0.47 0.00 0.02 0.43 0.08 (b) 0.65
January 0.40 0.07 0.50 0.41 0.24 0.07 0.13
February 0.37 0.36 0.48 0.44 0.07 . 0.43 0.59
March 0.47 0.27 0.39 0.13 0.38 0.07 0.04
April 0.49 1.25 0.02 0.32 0.55 0.20 0.15
May 1.00 2.43 1.81 1.25 1.31 1.63 2.22

Annual 10.61 13.74· ., 9.77 17.60 8.59 9.05 20.19

aMeasured in inches. Data for Roswell collected at the Industrial Air
Center.

brrace amount.
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Table H-46. Dew Point and Temperature at Roswell and the
WIPP Site, June 1977 Through May 1979

Roswell
Temperature Dew point

(Op) (oF)

WIPP site
Temperature Dew point

(oF) (Op)

Average
Average max.
Average min.

61.3
73.9
49.3

38.8
44.7
32.9

62.2
73.6
51.4

34.0
40.3
27.3

----------------------------..;,------ '<,

wind-speed, wind-direction, and atmospheric-stability frequencies. These fre~

quencies have been estimated (Table H-47) from data collected at the site by
the temperature-difference method outlined in NRC Regulatory Guide 1.23.

The joint frequencies of these stability categories with winds (Annex'l,
Tables 25 through 32) show two dominant trends. The first is the very un-,
stable category (category A), where southeast to south winds in the 3.1- to
5.0-m/sec range are most frequent. The second is in the slightly stable (E)
and extremely stable (G) categories (and, to a le'sser degree, categories D and
F), where the southeast wind in the 1.5- to 5.0-m/sec range predominates.

A comparison of available stability data for Roswell is presented in
Table H-48. Different methods were used in categorizing the Roswell and the
WIPP-site data since the hourly data for Roswell obtained from the National
Climatic Center did not contain the data needed for the temperature-difference
method (temperature difference ~T and standard deviation of the horizontal
wind direction). The method :used for the Roswell data (Turner, 1964) is based
primarily on surface wind speed and net solar radiation. This method tends to
be biased toward the neutral category D, as evident in Table H-48, while the ~T

method tends to be biased toward the extremely stable and unstable categories.

Table H-47. Monthly Frequency of Stability Categories at
the WIPP Site, June 1977 Through May 1979

Cate-
gory J F M A M J J A S 0 N D

A 28.7 31.1 34.2 41.5 44.7 46.3 48.1 44.3 36.9 32.7 26.5 27.7

B 2.4 1.7 1.5 0.7 0.2 1.0 0.7 1.2 0.7 1.3 1.5 0.8

C 1.2 0.9 0.8 0.3 0.5 0.7 0.2 0.3 0.3 0.6 0.6 0.7

D 10.7 6.7 2.7 3.2 2.6 4.5 3.6 4.8 2.0 4.0 3.4 4.1
".

E 13.1 14.0 6.8 5.8 8.9 10.5 9.6 9.6 8.3 10.0 9.9 4.9

F 8.6 7.7 10.0 11.0 14.1 23.9 15.6 18.0 13.3 10.3 11.2 7.8

G 35.8 38.1 44.1 37.5 29.1 13.4 22.8 20.4 38.5 41.1 46.9 54.0
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Table H-48. Frequency of Stability Conditions at Roswell and at the WIPP Site

Stability
condition

A, extremely unstable
B, unstable
C, slightly unstable
0, neutral
E, slightly stable
F, stable
G,extremely stable

Roswell,a
1973-1976

1.3
7.6

16.2
37.0
15~9

17.0
5.1

Frequency (%)
Roswell,a

June 1977-May1979

2.1
8.6

14.1
38.1
14.7
17.0

5.3

WIPP site,b
June 1977-May 1979

36.7
1.1
0.6
4.2
9.2

12.4
35.7

aBased on the Turner method.
bBased on the temperature-difference method.

H.4.3 Short-Term (Accident) Diffusion Estimates

Conservative (5% probability level), realistic (50% probability level), as
well as worst-case estimates of the local atmospheric-diffusion factors (X!Q)
for the site have been prepared for the site boundary (control zone IV'radius
of 3 miles) and distances of 0.5, 1.5, 2.5, 3.5, 4.5, 7.5, 15, 25, 35, and 45
miles. Calculations were made for a I-hour effluent-release period from hourly
data collected at the site for the period June 1977 through May 1979.

The ground-level atmospheric-diffusion factors for the site were calculated
from Gaussian plume-diffusion models for a continuously emitting ground-level
source (a conservative assumption). Hourly centerline X!Q values were computed
from the concurrent hourly mean wind speed, wind, and stability category. The
wind speed at the 10-meter-level sensor was used since a ground-level release
was assumed for conservatism. The stability class was determined by the tem­
perature-difference method. Calms were assigned a wind-speed value equal to
the starting speed of the wind vane (0.6 mph) and the wind direction in the
last noncalm hour. Cumulative' frequency distributions were prepared to deter­
mine the X!Q values that were exceeded only 5% and 50% of the time as well as
worst-case values.

Gaussian plume-diffusion models for a ground-level concentration were used
to describe the downwind spread'of eFfluents frbm the WIPP. A continuous
ground-level release of effluents ata constant' emission rate and total reflec­
tion of the plume at ground: level were assumed'in the d iffU,s ion , estimates.
Since it allows for no depletion by deposition or reaction at the surface, 'this
assumption is conservative. For each hour in the 2 years 'of record X!Q values
were calculated as follows:

(1)
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where

(2)

X/Q
3= the relative centerline concentration (sec/m ) at ground level.

wind speed Cm/sec} at 10 meters above the ground .

.~y = lateral plume spread (meters), a function of atmospheric sta­
bility, wind speed, and downwind distance from the point of
release. for Distances of up to 800 meters,ty = Muy ' M
being a function of atmospheric stability and wind speed. For
more than 800 meters, ty = (M - 1) Uy(800 m) + Uy(x).

Uy,Uz = lateral and vertical plume spread (meters), respectively, as
a function of atmospheric stability and distance.

For neutral to stable conditions (categories D to G) with wind speeds at
the 10-meter level of less than 6 m/sec, equation 1 was used. For all other
stability or wind-speed conditions, X/Q was calculated from equation 2. This
technique of calculating concentration from vents or other building penetra­
tions is described in NRC Regulatory Guide 1.145 (Atmospheric Dispersion Mod­
els for Potential Accident Consequence Assessments at Nuclear Power Plants;
issued for comment, August 1979).

From the 2 years of I-hour X/Q values, cumulative frequency distribu­
tions were prepared for each of 16 wind sectors and for several distances
from the release point. The values of X/Q exceeded only 5% and 50% of the
time are presented in Table 33 of Annex 1.

H.4.4 Long-Term (Routine) Diffusion Estimates

Annual average diffusion factors were computed for routine releases from
WIPP operations. The MESODIF model was run (Start and Wendell, 1974) with
meteorological data recorded at the site from June 1977 through May 1979.

MESODIF uses an integrated pUff model that differs from other Gaussian
pUff models in that it allows released materials to be transported back over
the source should the wind sh~ft. The effluent is treated as a string of
puffs released every hour through the year of record into the wind field re­
corded by the on-site meteorological station. Individual puffs are tracked
until they are too dilute to' be of significance or until they leave the area
being considered. Conqentrations are integrated for the year and then aver­
aged to yield the mean expectation for single puffs. A ground-level release
was assumed for conservatism. The results are listed in Table H-49 for the
2 years of record. The strong lobe of concentration in the northwest sector
in Table H-49 is consistent with the prevailing winds, which are from the
southeast.
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Table H-49. WIPP Site Long-Term Average xlQ Calculations
(Period of Record June 1977 through May 1979)

Downwind X/Q (sec/m3) at downwind distance (miles)
sector 0.5 1.5 2.5 3.5 4.5 5.0 7.5 10.0 15.0 25.0 35.0 45.0

N' 2',8-5a 2.4-6 1.0-6 6.2-7 4.4-7 3.6-7 1.8-7 1.0-7 3.9-8 1. 7-8 7.2-9 8.4-9
NNE 1.1-5 1.4-6 5.7-7 3.7-7 21.-7 1. 7-7 9.0-8 4.6-8 2.0-8 9.0-9 3.3-9 2.6-9
NE 9.3-6 2.8-6 6.8-7 4.0-7 2.3-7 2.0-5 1.1-7 6.5-8 3.0-8 1.2-8 4.4-9 3.1-8
ENE 1.1-5 1.1-6 5.4-7 2.9-7 1. 8-7 1. 5-7 5.7-8 2.8-8 1.5-8 5.4-9 1.1-9 8.6-10

E 7.7-6 4.4-7 4.8-7 2.3-7 1.6-7 1.2-7 4.8-8 1.5-7 1.2-8 4.2-9 1.3-9 1.1-9
::Il ESE 2.3-5 4.0-7 4.5-7 2.0-7 1.4-7 1.1-7 4.2-8 2.7-8 1.1-8 4.7-9 1.0-9 7.3-10
I SE 1.0-5 1.4-6 4.3-7 2.0'-7 1.4-5 1.1-7 5.3-8 3.0-8 1.6-8 6.2-9 1. 7-9 1.5-9

1.0
SSE 1.1-5 1.4-6 5.2-7 3.0-7 2.0-7 1. 6-7 7.7-8 4.8-8 2.3-8 3.6-7 4.0-9 2.7-9IN

S 1.1-5 1.6-6 6.4-7 3.7-7 2.5-7 2.1-7 1.1-7 6.7-8 3.0-8 1.0-8 6.0-9 3.21-9
SSW 1.1-5 1.8-6 8.5-7 4.4-7 3.1-7 2.8-7 1.4-7 8.0-8 3.9-8 1.8-8 6.8-9 5.2-9
SW 1.5-5 2.2-6 9.6-7 6.7-7 4.0-7 3.3-7 1.6-7 9.5-8 5.0-8 1.8-8 8.8-9 4.8-9
WSW ·1.2-5 1.9-6 . 8.5-7 5.1-7 3.6-7 2.9-7 1.4-7 7.5-8 3.5-8 1.2-8 5.6-9 3.1-9

W 1.9-5 '2~8-6 1.2-6 7.5-7 5.3-7 4.0-7 1.9-7 1.8-7 . 5.0-8 1.7-8 7.8-9 4.5-9
WNW 5.0-5 6.1.,6 2.5-6 1.2-6 9.5-7 7.9-7 3.8-7 2.5-7 1.0-7 3.9-8 1.9-8 9.5-9
WNW 5.0-5 6.1:'6 2.5'-6 1.2-6 9.5-7 7.9-7 3.8-7 2.5-7 1.0-7 3.9-8 1.9-8 9.5-9
NW 4.9-5 9.3-6 3.2-6 2.0-6 1.6-6 1.4-6 7.6-7 5.0-7 2.5-7 1.1-7 5.5-8 3.2-8
NNW 3.0-5 5.9-6 3.0-6 1.5-6 1. 2-6 1.1-6 5.8-7 3.5-7 2.5-7 7.8-8 4.6-8 2.6-8

a2.8-5 = 2.8 x 10-5 •



H.4.~ ;Air Quality

The .United States has been divided by the Environmental Protection Agency
(EPA) (40 CFR 81) into Air Quality Control Regions (AQCRs). The EPA has
divided its programs in the country into administrative regions. The WIPP
site is located in AQCR 155 and is administered by EPA Region VI. The New
Mexico Environmental Improvement. Division (NMEID) has designated a seven­
county area, including Eddy and Lea Counties, as State Air Quality Control
RegionS (Chapter 277, Laws of 1967 as amended).

Existing air pollution in the vicinity of the site consists mostly of
high concentrations of total suspended particulates. The entire State expe­
riences occasiona~ high concentrations of total suspended particulates from
natural wind-blown dust~ near the site, the concentrations are even higher
because of potash operations. According to the most recent EPA State Attain­
ment Status Report (Federal Register, September 11, 1978), air quality in the
region meets primary and secondary national ambient air-quality standards,
except locally near industries.

To better define the ambient air quality at the site, the levels of
selected air pollutants have been monitored since January 1976 and will be
used to analyze the effects of WIPP construction and operation on air quality
locally and regionally. The parameters being measured are total suspended
particulates, chemical species in particUlates, nitrogen dioxide, sulfur
dioxide, hydrogen sulfide, carbon monoxide, and ozone (Metcalf and Brewer,
1977) •

Table H-50 presents State and Federal air-quality standards. State
standards are not to be exceeded at any time, while Federal standards are not
to be exceeded more than once a year. The Federal standards are divided into

Table H-50. Ambient Air-Quality Standardsa

Pollutant New Mexico standard Primary
Federal standards

Secondary

Sulfur dioxide (S02)
24-hour average
Annual arithmetic mean
]-hour average

Total suspended particulates
24-hour average
7-day average
]O-day average
Annual geometric mean

Carbon monoxide (Cll
8-hour average
I-hour average

Photochemical oxidants (ozone),
I-hour average

Hydrocarbons (nonmethanel,
]-hour average

Nitrogen dioxide (N02)
24-hour average
Annual arithmetic average

0.10 ppm (260 "g/m])
0.02 ppm (52 "g/m])

150 11 g/m]
110 "g/m3

90 "g/m]
60 1l9/m3

8.7 ppm
13.1 ppm

0.06 ppm

0.19 ppm

0.1 ppm (200 "g/m3 )
0.05 ppm (100 "g/m])

0.14 ppm (]65 "g/m])
0.0] ppm (80" g/m])

260 "g/m]

75 Ilg/m]

9 ppm
35 ppm

0.12 ppm

0.24 ppm

0.05 ppm (100 "g/m])

0.50 ppm (1300 "g/m3 )

150 Ilg/m3

60 1l9/m3

9 ppm
]5 ppm

0.12 ppm

0.24 ppm

0.05 ppm (100 "91m3 )

astate standards--State of New Mexico ambient air-quall:,! data sllnunaries (1973-1976). Federal standards--40 CFR 50.
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primary and secondary standards, which are defined in 40 CFR 50.2: "National
primary ambient air-quality standards define levels of air quality which the
Administrator [Administrator of the ~AJ judges are necessary, with an
adequate margin of safety to prot~t the public health. National secondary
ambient air-quality standards define levels of air quality which the
Administrator judges necessary to protect the public welfare from any known
or anticipated adverse effects of a pollutant."

The concen-trations of pollutants measured at the WIPP site are presented
in Table H-51. The only concentrations that exceeded New Mexico standards
during 1976 are the I-hour carbon monoxide concentration and the I-hour ozone
concentration. -The carbon monoxide value does not exceed Federal standards,
however. The high ozone concentrations may be at least partially explained
by the fact that the concentrations were measured by ultraviolet techniques
instead of chemiluminescence~ the ultraviolet techniques generally produce
higher values. Chemiluminescence is now used for measurements, but no new
values are available.

Table H~51. Pollutants Measured at the WIPP Site During 1976
';.1,

Pollutant

Nitrogen dioxide,
annual arithmetic mean

Sulfur dioxidea
Annual arithmetic mean
24-hour average

Total suspended particul~tes
Annual arithmetic mean
24-hour average

Carbon monoxide
I-hour average
Daily mean

Ozone
I-hour average
Daily mean

Hydrogen sulfide,
daily mean

Measured
concentration

32.19 Ilg/m3

4.29 Ilg/m3
38 Ilg/m3

18.47 /lg/m3
77.7 Ilg/m3

17-ppm­
3.17 ppm

0.167 ppm I

0.02 ppm

0.11 ~g/m3

New Mexico
standard

100 Ilg/m3

52 Ilg/m3
260 Ilg/m3

b60 Ilg/m3
150 Ilg/m3

13.1 ppm

0.06 ppm

(c)

aBelow the detection capability' of the method used.
bGeometric mean. __
cThe standards' are 0.003 ppm (I-hour average~ for all parts

of New Mexico except the Pecos-Permian Basin Intrastate Air
Quality Control Region and 0.1 ppm (30-minute average) for that
region.
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H.4.6 Paleoclimatology

The climatic record of the past indicates long-term variabilities of the
climate in a region and provides a basis for postulating the bounds in future
climatic changes that may affect the long-term impact of a repository. In
evaluating the long-term performance of a repository, the most significant
historic period is the last 10,000 to 100,000 years. Detailed climatological
information is not available for this historic period. However, qualitative
estimates of temperature and precipitation regimes have been made, and the
extent of glaciation and flooding can be fairly accurately estimated from
geologic evidence. Much of the available paleoclimatological information
refers to large geographical areas (continents, hemispheres, etc.), and cli- .
matic conditions for the region of a particular site frequently must be in­
ferred from these generic descriptions. However, limited geologic investiga­
tions have provided some specific information directly applicable to the
region of the WIPP site.

periodically, at intervals of about 250 million years, there have been
major advances of glaciers from the polar regions, advances that lasted on
the order of millions of years (Sellers, 1965). The Pleistocene Epoch, which
began about 1 to 2 million years ago, is the latest glacial period (Sellers,
1965~ NAS~NRC, 1975, 1977~ John, 1977). Within the Pleistocene there have
been several glacier advances (glacials) and retreats (interglacials), as il­
lustrated by worldwide temperature variations in Figure H-16 (Norwine, 1977).
This epoch ended some 10,000 years ago with the beginning of the Holocene
Epoch, although continuous ice sheets are still present in the polar regions.

Continental ice sheets of the Pleistocene Epoch did not advance south of
Montana and Idaho, and glacial action does not appear to be a threat to the
integrity of the WIPP site. However, during these glaciations, individual
mountain glaciers were widespread throughout the Rocky Mountains from Canada
to central New Mexico, and local ice caps were present in a number of ranges
(Richmond, 1965). Mountain glaciers developed as far south as latitude 330

22' N (Sierra Blanca, peak elevation 13,000 feet, west of Roswell) during the
glaciations of late-Pleistocene time. The average end moraines of late­
Pleistocene glaciers are at elevations of between 10,200 and 11,400 feet at
this latitude (Richmond, 1965). Summer temperatures were about 7 to l60 F
colder than at present, but winter temperatures were much the same as at
present (Richmond, 19651 Gates, 1976).
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Figure H-16. Worldwide temperature variations.
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The advance of glaciers was initially associated with a cold, damp cli­
mate, followed by a cold, dry climate that developed over the contiguous ice
sheet itself (Schwarzbach, 1963). Precipitation over this area was probably
less than that over the same region at present. During these periods, the
weather was much more variable than at present. Winters were longer: spring,
fall, and summer were shorter: and diurnal and day-to-day variations were
greater (Kukla, 1976).

During glaciation periods in North America, the westerly wind belt was
displaced toward the equator (Brooks, 1970: Schwarzbach, 1963). This change
resulted in some areas south of the continental glacier receiving increased
(pluvial) precipitation (Schwarzbach, 1963). In the united States, pluvial
effects occurred in the central and western regions. Several lakes were
formed or expanded during the pluvial, especially in the Western united
States, in areas that are now deserts (Flint, 1967: Schwarzbach, 1963). The
climate of New Mexico during this ,period was characterized by more precipita­
tion (about 64% more than at present), less evaporation (only about 73% of
present), and a mean June-September temperature about 180 F lower than at
present (Antevs, 1954). .

In summary, it can be inferred that the climate of the region during the
glacial/pluvial periods of the Pleistocene was probably cooler, wetter, and
stormier than at present. Therefore, flooding was also probably more fre­
quent. The geologic history of the region that indicates such effects has
been addressed in Section 7.3.

Major glacial epochs have been alternating with interglacials on a 100,000­
year cycle (Norwine, 1977). These interglacials have previously lasted 11,000
to 15,000 years. The present global climate is considered interglacial and
has lasted approximately 10,000 to 12,000 years (Richmond, 1972: Sellers,
1965), although this has varied by region, and glacial advances have at times
occurred. The interglacials of the Pleistocene were typically free of ice and
were drier than the present (Sellers, 1965). Moreover, temperatures were sim­
ilar or at times slightly warmer than those at present: average world temper­
atures were approximately 3~ above those at present (Sellers, 1965). In
the Rocky Mountains, the present interglacial has been less arid and colder
than previous interglacials (Richmond, 1972).

A brief summary of the climate of the current epoch is presented in Table
H-52. The most significant events are the- co~hrane Glacial Readvance (6800 to
5600 B.C.), the Climate Optimum (5600 to 2500 B.C.), and the Little Ice Age
(A.D. 1500 to 1900). However, the oscillations of the interglacial climate in
the united States during the Holocene have been "less severe than those experi­
enced during the Pleistocene, when conditions varied between glacial and in­
terglacial (Lamb, 1966). There are indica~ions that a long~term global cool­
ing trend is still underway, alth'oughthe:re h~s been a relatively recent:
short-term period (approximately 40 to lOOyears ending in about 1950) of
global warming (Kukla and Matthews, 1972: Lamb, 1966: Alexander, 1974).
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aData from Sellers (1965).

Table H-52.

Dates

9000-6000 B.C.

6800-5600 B.C •.

5600-2500 B.C.

2500-500 B.C.

A.D. 330

800

1180-1215

1220-1290

1276-1299'

1300-1330

1500-1900

1880-1940

1920-1958

1942-present,

A Brief Chronology of the Climate of the Southwestern
United States in the Last 10,000 Yearsa

Climate

Warm and arid in southern Arizona.'

Ceol and dry, with possible extinction of mam­
mals, particularly in Arizona and New Mexico.

Warm and moist, becoming warm and dry by 3000
B.C. (Climate Optimum). Intermittent drought in
the Western United States after 5500 B.C.

Generally warm and dry with periods of heavy
rain (after 660 B.C.) and intense droughts (near
510 B.C.) in the Western United States.

Drought.

Start of moist period in Mexico.

Wet in the West.

Drought in the West.
I '

"Great Drought" in the Southwest. "
I

Wet in 'the West.

Generally cool and dry (Little Ice Age). Per­
iodic glacial advances in North America
(1700-1750). Drought in the southwestern united
States from 1573 to 1593.

Increase of winter temperatures by 1.50 C.
Drop of 5.2 meters in the level of the Great
Salt Lake. Alpine glaciation reduced by 25% and
arctic ice by 40%.

25% decrease in mean annual'precipitation in the
Southwest.

Worldwide temperature decrease and halt of glac­
ial recession. \ "
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H.S OCOLOGY

~ H.S.l Introduction

This section discusses the terrestrial and aquatic ecology of the Los
Medanos site and its environs, describes the ecological resources at the site,
and characterizes preexisting environmental stresses.

The terrestrial ecology study area is the area within a S-mile radius of
the center of the site (Figure H-17). Eighty-nine study plots have been es­
tablished in the study area and nearby. Seven are fenced for studies of
grazing effects, etc.~ the remainder are enclosed. In add~tion, there are 11
soil microclimate stations, also fenced (Figure H-IS). Aquatic habitats with­
in the study area are limited to stock-watering ponds and tanks. Sampling
stations have been established at a nearby playa, at Laguna Grande de la Sal,
and along the Pecos River (see Section H.S.3.l).

This section is based on data collected since 1975. Early studies were
carr ied out by the, New Mexico Environmental Inst·itute. The results are pub­
lished in two progress reports (Wolfe et al., 1977a,b). In 1977, the biology
team was reorganized, and ecological studies continued. Methods and data are
discussed in a report published in 1979 (Best and Neuhauser, 1979) ~ more re­
cent data will be pUblished later.

The studies provide baseline data for the assessment of environmental
impacts. The emphasis is on characterizing terrestrial and aquatic habitats
and important plant and animal species. Important species are defined (NRC,
1976) as follows:

a. The species is commercially or recreationally valuable.

b. The species is threatened or endangered.

c. The species is critical to the well-being of some important species
within criterion a or b.

d. The species is critical to the structure and function of the eco­
logical system or is a biological indicator of radionuclides in the
environment.

These baseline data are of 'further use in the development of an ecological
monitoring program at the si·te. ~he emphasis is'.on (a), documenting the range
of natural variation and its cause(s) for:important plant and animal commu­
nities~ (b) characteri~ing critical pathways and processes in the local eco­
system, including pathways of radionuclide transfer~ and (c) predicting, where
possible, the kind and the .degree of change ·that,may. resul~ from WIPP-related
activities (e.g., changes in vegetation within control zone II due'to the ex-
clusion of cattle). .

In order to expand the ecology data' base and. thereby make it more useful,
field studies are continuing.

H-99



::tl
I....

o
o

i~ • r\• • ..

/ • • 1\ o~ ..
~ •• \ ••• • .. 0 4iI e.

I 0 e.G ., Ie 41

• eObJt • • •H~ • WIP':SITE )( 41
~•• e • .l! X~ •-. II

II • • .e• J
~ • • • • e. /\ Ie .. It••
~

II if
6) II [7• • ..• •

~
0 •/e

• • •
~
~ ~

/ •
10-.

(j

• Terrestrial vartebrate study sites • Floristics study sites

II Avifauna study sitBS .. Soils/plant productivity study sitBS

(:) Plant succession study sites

o Soil microclimate stations

o Arthropod sampling sitas

-$- Center of WIPP site

N•
Figure H-17. Map of the site showing bioplot locations.

1 0 1 Miles
H= ; ,

1..



Figure H-18. Soil microclimate station.

To give a regional perspective, the ecology of the two-county region (Eddy
and Lea Counties), excluding the Guadalupe Mountains, is discussed below.

H.5.2 Terrestrial Ecology

H.5.2.l Soil and agricultural resources

The two-county region lies in the Southern Desert Basins, plains, and
Mountains Land Resource Area of the Western Range and Irrigated Land Resource
Region (Austin, 1972). Climate and soil ,:Unlit agriculture to ranching and
some irrigated and dry-land farming, with: the major cUltivated areas being
along the Pecos and Black Rivers. in Eddy County and in'eastern Lea County.
Irr igated lands produce sorghum, cotton-, alfalfa, and small-grain crops. OVer
90% of the region is grazingland,~ndbeef-cattle ranching is the major agri­
cultural enterprise. Grazing areas ar~ used the year round.

The major soils in the region are Aridisols, which occur in arid locales
and contain low amounts of organic matter, and Mollisols, found in more moist
areas with dark, organic-matter-rich surf~ce hor,izons •. The major suborders of
the Aridisols, which are used primarily for: -rangeland-' and some irrigated
crops, are the Orthids,-whichnaveaccumulations 9f calcium carbonate, gypsum,
or other salts more soluble than gypsum but no horizontal clay accumulation~

and the Argids, which have clay accumulations with or without alk")J;
~ (sodium). Ustols, the major suborder of Mollisols in the site reg on, are
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intermittently dry during the warm season and have subsurface horizons in
which salts or carbonates have accumulated. They are used for wheat or small
grains and some irrigated crops.

Other soil orders are present, including Entisols, recent soils with no
horizon development, and Alfisols, which have a gray to brown surface horizon
and a subsurface horizon of clay accumulations. Entisols are used primarily
as'rangeland. The Alfisols are being used as rangeland, for dry-land farming
of small grain, and for irrigated crops.

Terrestrial ecology

The three soil associations that occur in the study area are described in
Section 7.3.8. All are Aridisols (Argids and Orthids) or Entisols. The two
soil mapping units that occur on the site proper are in the Kermit-Berino Soil
Association (Table H-53). Approximately half the site is mapped as Berino
complex and the other half as Kermit-Berino fine sands. Both mapping units
are Class VII soils--unsuitable for· cultivation and suitable only for pasture
and wildlife habitat. These sandy soils are subject to severe wind erosion.
They are generally stabilized by shinnery oak,mesquite,_ and other vegetation.

The soils at the site include sandy surface soils with wind-blown par­
ticles, a thin (l-mm-thick) soil crust, and a layer of moist subsoil. The
wind-blown soil and subsoil cqntain sparsely distributed bacteria attached to
the surfaces of the sand grains but few fungi or algae. The surface material,
however, contains partially degraded plant detritus and relatively dense
fungal hyphae. This thin crust resists wind erosion and covers much of the
site (Caldwell, 1978).

A hard caliche layer, up to 10 feet thick, underlies these soils. Depth
to caliche varies from a few centimeters to several meters. The caliche is
fully exposed along parts of Livingston Ridge.

H.5.2.2 Native vegetation

Vegetation in the two-county region

The site lies in a region that is an area of transition between the Great
Plains Short-Grass Prairie and the ChihuahuanDesert. Since early in the
twentieth century, salt cedar trees, naturalized from Eurasia, have invaded
major drainageways. Another introduced species--the Russian thistle, or
tumbleweed--is a common invader in highly disturbed areas; it is found in the
study area. Shrubs and grasses are the most prominent components of the local
flora. Vegetative cover is largely controlled by water availability and live­
stock grazing. The development of specific plant communities is dependent on
such-factors as the infiltration rate of the surface soil, depth to a restric­
tive layer (i.e., caliche), and the extent to which the surface soil has been
reworked by wind or water erosion.

According to Bailey's (1976) ecoregion classification, the two-county area
is in the Grama-Tobosa Section and the Tarbush-Creosote Bush Section of the
Chihuahuan Desert and the Grama-Buffalo Grass Section of the Great Plains
Shortgrass Prairie. The Grama-Tobosa Section is a climax desert grassland
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Table H-53.

c

Ecological Characteristics of Soils at the WIPP Sitea

Soil-management considerations

tIl
I

I-'
o
W

Soil mapping
unit

Berino complex
0-3% slopes, .
eroded

Kermit-Berino
fine sands';
0-3% slopes:

Ker~it fine sand

Ber ino fine sand

Soil
series

Berino

Kermit

Soil
order/

suborder

Aridisol
Arigid

Entisol
Psanunent

Soil
capability

unit

VIIe-l

VIIe-3

VIIe-3

Agricultural potentialb

Unsuitable for dryland farming.
Soils are too sandy and rain­
fall too low and undependable.
Suitable only for native
pasture and wildlife habitat.

Unsuitable for dryland farming.
Rainfall is low and undepend­
able and soil texture
is too coarse. Sui table for
wildlife habitat and native
pasture.

Unsuitable for dryland farming.
Rainfall is low and undepend­
able and soil texture is too
coarse. Suitable for wildlife
habit and native pasture.

Management considerations

Soils subj~t to severe wind erosion
if vegetation cover not maintained.
Natural revegetation of eroded areas
is difficult and slow. Soils must
be constantly protected from
overgrazing.

Soils subject to severe wind erosion
if vegetative cover not maintained.
Natural fertility and organic-matter
content are low. Grasses should not
be overgrazed.

Soils subject to severe wind erosion
if vegetative cover not maintained.
Natural fertility and organic-matter
content are low. Grasses should
not be overgrazed.

aBased on data from the Soil Conservation Service (1971).
~one of the soils at the site or in the vicinity are suitable for irrigated farmland. Because of the physical

\ and chemical character istics of the soils, there is a lack of an adequate supply of good-quality water in the site
region.



conununity. At lower elevations in this section, dense stands of shrubs are
conunon. The Tarbush-Creosote Bush Section has been described as a disclimax
shrub type that was originally desert grassland (Castetter, 1956). Over­
grazing has caused an increase in shrub species that once occupied only iso­
lated areas (Gardner, 1951). The Grama-Buffalo Grass Section is a short-grass
prairie found in arid areas where the growing season is short and precipi­
tation is not retained in the soil (Weaver and Albertson, 1956).

Kuechler (1975) has described the potential natural vegetation of the
region largely as Trans-Pecos Scrub Savanna in the southern and central por­
tions, Grama-Buffalo Grass in the north and east, and Grama-Tobosa Shrubsteppe
and Creosote Bush-Tarbush in the north and west.

More recently, Donart et al. (1978) have described Eddy County as belong­
ing largely to the Chihuahuan Region of the Grassland Formation and the
Chihuahuan Region of the Desert Shrub Formation; the potential natural veg­
etation of Lea County is classified as the Chihuahuan Region, the Plains Re­
gion, and the Prairie Region of the Grassland Formation. The following
Chihuahuan Region associations occur:

• Creosote/Bush Muhly--at one time predominantly grasslands with scat­
tered creosote bush; principal grasses were black grama, bush muhly,
and scattered tobosa.

• Catclaw--primarily an Arizona shrub, it dominates an association of
limited distribution around Carlsbad and in southwestern New Mexico.

The Chihuahuan Region of the Grassland Formation contains four as­
sociations in the two-county region (Donart et al., 1978):

• Burrograss--dominated by burrograss in association with tobosa and
inclusions of gyp grama, gyp dropseed, coldenia, and fluffgrass.

• Mixed Grama/Three-Awn--dominated by black grama and three-awns in as­
sociation with moderate amounts of blue, hairy, and sideoats gramas and
occasional plants of mesa and sand dropseed.

• Black Grama/Mixed Dropseed--dominated by black grama in association
with mesa dropseed, sand dropseed, spike dropseed, giant dropseed, and
scattered yucca.,

• Mixed Dropseed/Black Grama--dominated by dropseed species in as­
soCiation with black grama, yucca, and, in some areas, sand sagebrush.

Several authors have characterized the successional patterns in the re­
gion. Shantz (1917) described the area as a grazing disclimax. Explanations
for the shift of vegetation from tall and mid-grasses to shrubs (notably sage­
brush, shinnery oak, mesquite, and creosote bush) include the exclusion of
fire (Sauer, 1950; Humphrey, 1953; Wingfield, 1955), overgrazing by cattle
(campbell, 1929; Whitfield and Anderson, 1938; Whitfield and Beuther, 1938),
and changing climate. York and Dick-Peddie (1969) have attributed the recent
occupation by mesquite in southern New Mexico to the effects of cattle and
note that the appearance of grazing is the only event that coincides with the
time of this spectacular change in vegetation.
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Several plant species in the region are important to wildlife. For ex­
ample, mesquite provides abundant forage for herbivorous and granivorous spe­
cies, such as scaled quail (BLM, 1977). Mesquite, shinnery oak, and other
shrubs provide forage and cover for a variety of game and nongame species,
such as mule deer and mourning dove.

Vegetation in the study area

The vegetation of the study area consists of shrub-dominated seral com­
munities that are at least partly a result of severe overgrazing in the late
l800s. No crops are cUltivated.

The area is floristically heterogeneous (Figure H-19 and Table H-54).
This heterogeneity has a number of causes, which include site-specific terrain
features, changes in soil type and depth, etc.

Five terrain-related or topographic-edaphic zones of vegetation can be
distinguished within the study area. These are discussed separately below.

Mesquite grassland ("mesa") zone. A low mesa, the Divide, lies on the
eastern edge of the study area (see Powers et al., 1978, Section 4.2.2,
pp. 4-7 to 4-9, for a discussion of the surficial geology). It supports fair­
ly typical desert grassland vegetation. Honey mesquite (Prosopis glandulosa)
and snakeweed (Gutierrezia sarothrae) are the dominant shrub and subshrub,
respectively; grasses are also abundant. Important species include burrograss
(Scleropogon brevifolius), black grama (Bouteloua eriopoda), bushmuhly
(Muhlenbergia porteri), and fluffgrass (Tridens pulchellus).

Cacti, especially varieties of prickly pear (Opuntia phaeacantha), are
present but not common. Yucca torreyi, also uncommon, is completely absent
from the dune plains, where another species, ~ campestris, is common. This
area is heavily grazed. Further deterioration in its range condition in fu­
ture could lead to increased shrub density.

Central dune zone. This zone actually is made up of three dune-related
subzones: stabilized dunes, oak-mesquite hummocks, and active dunes.

Stabilizkd dunes make up the greatest part of the central dune zone. This
is reflected in the traditional name for the area, Los Medanos ("the dunes").
Shinneryoak (Quercus havardii), honey mesquite (Prosopis glandulosa), sand
sagebrush (Artemisia filifolia), snakeweed (Gutierrezia sarothrae), and dune
yucca (Yucca campestris) are the domin~nt shrubs. In certain sites, all of
these species are present; in other sltes, one or more' is either missing
entirely or very low in density. Localized ,variations in soil type and depth
appear to be the major causes of ~his heterogeneity. The stabilized-dune
subzone, therefore, consists of a. "patchwork" of closely related but distinct
floristic associations. Grasses are ,common throughout the subzone. Purple
three-awn . (Aristida purpurea) is found at the majority of the study sites and
is the most comon perennial gz;ass in the zone. 'IOther, frequent species are
red three-awn (~. longiseta), sal)d dropseed(Sporobolus cryptandrus), giant
dropseed (£. giganteus), black grama(Boutelouaeriopoda), hairy grama (~.

hirsuta), and fall witchgrass (Leptoloma coghata).
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Table H-54. Plants Reported in the Terrestrial Ecology: Study Area and at
Nearby Sites During 1978 and 1979a

Taxon

Agavaceae
*Yuccacampestris

Y. e1ata
Y. torreyi

Aizoaceae
,Mo11ugo vertici11ata

Amaranthaceae
*Amaranthus a1bus
A. bli toides
A. hybridus
A. palmeri
~ prostrata

*Froe1ichia f10ridana
var. campestris

Gui11eminea densa
var. aggregata

Tidestromia 1anuginosa

Amary11idaceae
Zephyranthes longifo1ia

Anacardiaceae
Rhus microphy11a

Asc1epiadaceae
*Asc1epias arenaria

A. nyctaginifo1ia
A. oenotherioides
A. viridiflora

Bignoniaceae
Chilopsis 1inearis

Boraginaceae
Amsinckia intermedia-.
Co1denia canescens
C. hispidissima '
Cryptantha angustifo1ia;;'
*~ jamesii var. 1axa
~ jamesii var. setosa

*He1iotropium convo1vu1aceum
H. curassavicum
H. curassavicum var. obovatum
H. greggii
Lith6spermum mu1tif1orum

Common name

Dune yucca
Palmi11a, soaptree yucca
Torrey yucca, Spanish <

dagger

. Indian chickweed

Tumbleweed amaranth
Prostrate pigweed
Green amaranth
Giant amaranth

Snakecotton

Cottonf1ower
Woolly tidestromia

Zephyr-lily

Litt1eleaf sumac

Dune milkweed
Four-o-c1ock milkweed
Primrose milkweed.
Green-flowered milkweed

Desert willow

. .~

Fidd1eneck . , ':..
Spreading co1denia:
Hispid c61denia : ~ _
NarroW1eaved hiddenf16wer
James hiddenf1o~er
Setose hidden:E1ower;
Bindweed ~eliotFo~e;

Salt .he liotrope .
B1unt1eaf heliotrope
Desert heliotrope
Stoneseed
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Table H-54. Plants Reported in the Terrestrial Ecology Study Area and at
Nearby Sites During 1978 and 1979a (continued)

Taxon

Cactaceae
Coryphantha macromeris
Echinocactus texensis
Echinocereus caespitosus

*E. fend1eri
opuntia davisii
o. k1einiae
o. 1eptocaulis

*0. phaeacantha

Caryophyllaceae
paronychia jamesii

Chenopodiaceae
A11enro1fea occidenta1is
Atrip1ex canescens
Chenopodium desiccatum
c. hians
C. incanum

*eyc101oma atrip1icifo1ia
*Sa1so1a ka1i var. tenuifo1ia

Conunelinaceae
Conune1ina dianthifo1ia
*~ erecta var. angustifo1ia
Tradescantia occidenta1is

Compositae
Ambrosia artemisifo1ia
Aphanostephus ramosissimus
Artemisia fi1ifo1ia
A. 1udoviciana
Baccharis wrightii
Bahia pedata
Bai1eya mu1tiradiata
Ber1andiera 1yrata
Chrysothamnus pu1che11us
C. spathu1atus
Cirsium spp.
Conyza cou1teri
Dyssodia acerosa

Conunon name

Pincushion cactus
Texas devilshead
Caespitose hedgehog
Fendler hedgehog
Davis cholla
Klein cholla
Christmas cactus
Prickly pear

Nailwort

Pick1eweed
Four-wing saltbush
Thick1eaf goosefoot
Fetid goosefoot
Gray goosefoot
Winged pigweed
Russian thistle,

tumbleweed

Birdbi11 dayf10wer
Erect dayf10wer
Western spiderwort

Short ragweed
Lazy daisy
Sand sagebrush
Wormwort
Wright baccharis
Bahia
Desert marigold
Lyrate greeneyes
Southwest rabbitbrush
B1unt1eaf rabbitbrush
Thistle (rosette)
Cou1ter conyza
Acerose dogweed
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Table H~54. Plants Reported in the Terrestrial Ecology study Area and at
Nearby Sites During l~78 and 1979a (continued)

Taxon

Compositae (continued)
Dyssodia pentachaeta var. hartwegii
Erigeron bellidiastrum
~ bigelovii Gray
Flourensia cernua
Franseria confertiflora
Gaillardia pinnatifida
~ pulchella
Gutierrezia microcephala

*G. sarothrae

Haplopappus spinulosus var. australis
~ spinulosus var. glaberrimus
~ spinulosus var. scabrellus

*Helianthus petiolaris
~ petiolaris subsp. fallax

*Heterotheca psammophila
Hymenopappus flavescens var.

cano-tomentosus .
Hymenoxys scaposa var. glabra
~ scaposa var. scaposa
Leucelene ericoides
Machaeranthera tanacetifolia
Melampodium cinereum

*M. leucanthum
*Palafoxia sphacelata
Parthenium confertum

*pectis angustifolia
Perezia nana
~ wrightii
Psilostrophe tagetina
P. villosa
Ratibida tagetes
Sartwellia flaveriae

*Senecio mUlticapitatus
~ douglasii var. longilobus
Stephanomer ia pauciflora •.•,
Thelesperma megapotamicum~'

*Verbesina encelioides
Xanthocephalum texanum

*Zinnia grandiflora

Convolwlaceae
Cuscuta leptantha
EVolwlus nuttallianus
~ pilosus

! i'

Common name

Hartweg dogweed
Western fleabane
Bigelow fleabane
Tarbush
Bursage
Pinwheel
Firewheel
Smallhead snakeweed
Snakeweed, broom

snakeweed
Spiny yellow aster

Prairie sunflower
Prairie sunflower
Camphorweed

White ragweed
Smooth hymenoxys
Scapose hymenoxys
Baby white aster
Cutleaf aster
Blackfoot
Blackfoot

Desert feverfew
Fetid marigold
Dwarf holly
Wright desert holly
Paper daisy
Desert paper flower
Marigold coneflower
Gypsumweed
Groundsel
Longlobed groundsel
Wire lettuce
Greenthread

·Golden crownbeard
Snakeweed
Wild zinnia

Dodder

Growth
formb

P
A
P
S
A
P
A
SS

SS
P
P
P
A
A
A

A, B
P
P
P
A
P
P
A
P, B
A
P
P
P
B
P
A
P
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P
P
A
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P

A
P
P

H-109



Table H-54. Plants Reported in the Terrestrial Ecology study Area and at
Nearby Sites During 1978 and 1979a (continued)··

Taxon

Cruciferae
Descurainia pinnata var. halictorum
~ pinnata var. ochroleuca
Dithyrea wislizenii
Draba brachycarpa
Erysimum asperum
Greggia camporum var. linearifolium
Lepidium montanum
*~ virginicum var. medium
Lesquerella fendleri
~ gracIlis
Streptanthus carinatus

Cucurbi taceae
*Cucurbita foetidissima
*C. texana
CItrullus vulgaris var. citroides
Ibervillea tenuisecta
h tripartita

Cyperaceae
*Cyperus schweinitzii

Euphorbiaceae
Argythamnia humilus var. laevis

*Croton dioicus
~ glandulosa var. lindheimeri
~pottsii

*C. texensis
DItaxis neomexicana
Euphorbia fendleri
~ glyptosperma
~ heterophylla
E. lata---E. micromera

*E. missurica
~ missurica var. intermedia
~ prostrata
*~ serpens
~serpyllifolia

E. serrula
Phyllanthus abnormis
Reverchonia arenaria

Tragia stylar is

Growth
Conunon name formb

Tansy mustard A
Tansy mustard A
Spectacle POd A
Twistpod A, WA
western wallflower P, A

P
Mountain peppergrass B, P
Peppergrass B, A
Fendler bladderPod P
Smooth bladderpod A
Wright twistflower A

Buffalogourd P
Texas gourd A
Citron melon A
Cutleaf globeberry P
Three-lobed globeberry P

Flatsedge P

Wild ,mercury P
Doveweed P
Croton A
Leatherweed P
Texas croton A
New Mexico mercury P
Fendler spurge P
Ridge-seed spurge A
Catalina A
Spurge P
Spurge A
Spreading spurge A
Spreading spurge A
Flat spurge A
Serpent spurge A
Thymeleaf spurge A
Serrulate spurge A
Leaf-flower A
Dune reverchonia,

duneweed A
Noseburn P
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Table H-54. Plants Reported in the Terrestrial Ecology Study Area and at
Nearby Sites During 1978 and 1979a (continued)

~------------------
Taxon

Ephedraceae
EPhedra torreyana

Fagaceae
*Quercus havardii
~ havardii X~ muhlenbergii (hybrid)

Gentianaceae
Centaurium calycosum var. breviflorum
~ calycosum var. calycosum

Gramineae
Andropogon barbinodis
~ scoparius

*Aristida barbata
*A. longiseta
!!.. pansa .
!!.. par ish ii

*A. purpurea
!!.. wr ightii
Avena sativa
Bouteloua barbata
~ curtipendula
~ eriopoda

*B. hirsuta
*Brachiaria ciliatissima
*Bromus catharticus (B. unioloides)
*Cenchrus insertus
Chloris cucullata
Enneapogon desvauxii
Eragrostisarida

*E. secundiflora
E. silveana
Hilaria mutica

*Leptoloma cognata
Muhlenbergia arenacea

*M. porteri
M. torreyi

*Munroa squarrosa
*Panicum capillare
P. obtusum

*Paspalum setaceum
P. stramineum

*Scleropogon brevifolius
Setaria leucopila

Growth
COImnon name formb

Joint-fir, Mormon tea S

Havard oak, shinnery oak S
S

small-flowered rosita P
Rosita P

Cane bluestem P
Little bluestem P
Havard three-awn P
Red three-awn P
wooton three-awn P
Parish three-awn P
Purple three-awn P
wright three-awn P
COImnon oat A
Sixweeks grama A
Side-oats grama P
Black grama P
Hairy grama P
False buffalograss P
Rescue grass A
Sandbur P
Hooded fingergrass P
Spike pappusgrass P
Desert lovegrass A
Mexican lovegrass P

P
Tobosa P
Fall witchgrass P
Ear muhly P
Bush muhly P
Ring muhly P
False buffalograss A
COImnon witchgrass A
Vine-mesquite P
Knotgrass P
Stramineous knotgrass P
Burrograss P
Bristlegrass P
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Table H-54. Plants Rep0rted in the Terrestrial Ecology Study Area and at
Nearby Sites During 1978 and 1979a (continued)

Taxon

Gramineae (continued)
*~ macrostachya
Sporobolus contractus
*~ cryptandrus
S. flexuosus
*~ giganteus
Stipa neomexicana
Trichachne californica
Tridens muticus
!.:. pu1chellus

*Triplasis purpurea

Hydrophyllaceae
Nama carnosum
~ hispidum
Phacelia corrugata
P. integr ifo'lia
P. intermedia

Koeber liniaceae
Koeberlinia spinosa

Labiatae
*Monarda punctata var. lasiodonta
Scutellaria drummondii
Teucriumcanadense

Leguminosae
Acacia constricta
A. neovernicosa

. cassia bauhinioides
Dalea formosa
D. lanata
Hoffmanseggia brachycarpa
H. densiflora
~ drepanocarpa
~ glauca
~ jamesii
Krameria lanceolata
.!.!.. glandulosa
Mimosa biuncifera var. glabrescens

*Prosopis glandulosa

Linaceae
*Linum aristatum
*L. aristatum var. australe
~ puberulum

Common name

Plains bristlegrass
Spike dropseed
Sand dropseed
Mesa dropseed
Giant dropseed
New Mexico needlegrass
Arizona cottontop
Slim tridens
Fluffgrass
Purple sandgrass

Perennial nama
Hispid nama
Corrugate scorpionweed
Small-lobed scorpionweed
Wooton scorpionweed

All thorn

Spotted horsemint
Drummond skullcap
Germander

Mescat acacia

Senna
Featherbush
Woolly dalea

Hog potato
Sicklepod rushpea
Smooth rushpea
Hog potato
Lanceleaf ratany
Sticky ratany
Catclaw mimosa
Honey mesquite

Plains flax
Southern Plains flax
Plains flax

H-1l2

Growth
formb

P
P
P
P
P
P
P
.p

P
A

P, SS
A
A
A, B
A, B?

5

A
A

P

5
5
p

S
P
58
P
P
P
P
p

S
S
5

P
P
P



Table H-54. Plants Reported in the Terrestrial Ecology Study Area and at
Nearby sites During 1978 and 1979a (continued)

Conunon nameTaxon

~r---"""""-------------------
Growth

formb

Loasaceae
Cevallia sinuata
Mentzelia humilis
~ pumila
M. pumila var. multiflora
M. reverchonii
M. str ictissima

Stinging stickleaf
Stickleaf
Golden blazingstar
Golden blazingstar
Reverchon stickleaf
Prairie stickleaf

P
P
P, B
P, B
P
P

Malvaceae
Sida physocalyx
Sphaeralceacoccinea
~ digitata
S. subhastata

Sida
Rosemallow
Digitate rosemallow
Coulter rosemallow

P
P
P
P

Martyniaceae
. Proboscidea sabulosa Dune unicornplant A

Nyctaginaceae
*Abronia fragrans
Acleisanthes longiflora
Ammocodon chenopodioides
Boerhaavia inteimedia
Oxybaphus albidus
~ glaber
*~ linearis var. decipiens

Selinocarpus diffusus

Snowball sandverbena
Angel trumpets
GoOsefoot moonPod
Spider ling
White four-o-clock
Smooth four-o-clock
Narrow-leaved four-

o-clock
Spreading moonpod

A
P
P
A
P
P

P
P

Oleaceae
Menodora scabra var. ramosissima Rough menodora 55

Onagraceae
calylophus drummondianus
~ hartwegii subsp. pubescens

*C. serrulatus
Gaura coccinea
~ suffulta subsp. nealleyi

*G. villosa
*Oenothera albicaulis

~ biennis subsp. centralis
~ engelmanii
O. neomexicana

Drununond primrose
Hartweg primrose

·.Scarlet gaura
Nealley gaura
Hairy gaura
Wh~testem evening

primrose
Dune pr imrose

New Mexico evening
primrose

P, A
P, SS
P
P
A
SS

A
P
A

A

Orobanchaceae
Orobanche multiflora Broomrape A

H-113



Table H-54. Plants Reported in the Terrestrial Ecology Study Area and at
Nearby Sites During 1978 and 1979a (continued).

Taxon

Papaveraceae
Argemone aenea

Polemoniaceae
lpamopsis longiflora
~ pumila

Polygonaceae
Eriogonum abertianum

. E. annum
~ leptocladon
~ polycladon

*E. rotundifolium
Rumex hymenosepalus

Polypodiaceae
Notholaena sinuata var. chochisensis

Portulacaceae
*Portulaca parvula
P. retusa
Talinum angustissimum

Ranunculaceae
Delphinium ajacis
~ vierescens subsp. wootonii

Rhamnaceae
Microrhamnus ericoides
Ziziphus obtusifolia

Rubiaceae
*Hedyotis humifusa

Rutaceae
Thamnosma texana

Sapindaceae
*Sapindus drummondii

Scrophulariaceae
Castillejasessiliflora
Linar ia texana

*Maurandya wislizenii
*Penstemon ambiguus
~ buckleyi
P. fendleri

Conunon name

Prickly poppy

Blue gilia

Abert buckwheat
Winged buckwheat

Woolly buckwheat
Roundleaf buckwheat
wild rhubarb

Cloakfern

Small purslane
Retuse purslane
Fameflowe r

Rocket larkspur
Plains larkspur

Javelinabush
Lotebush

.Bluets

Dutchman's breeches

Drummond soapberry

Desert paintbrush
Texas toadflax
Vining snapdragon
Plains beardtongue
Buckley beardtongue
Fendler beardtongue

Growth
formb

. A, B, P

A
A

A, B
A
P.
A
A
P

P

A
A
P

A
P

S
S

A

P

T

P
A
HV, P
SS
P
P
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Table H-54. Plants Reported in the Terrestrial Ecology Study Area and at
Nearby Sites During 1978 and 1979a (continued)

Taxon

Solanaceae
Chamaesaracha conioides
C. villosa
LOCcium berlandiera
Nicotiana trigonophylla
Physalis lobata
P. hederaefolia var. cordifolia
~ hederaefolia var. puberula

*Solanum elaeagnifolium
S. rostratum

Tamar icaceae
Tamarix pentandra

Ulmaceae
Celtis reticulata

Umbelliferae
Eurytaenia texana

Verbenaceae
Aloysia wrightii
Tetraclea coulteri
Verbena bracteata
V. ciliata
V. plicata
V. wrightii

Violaceae
Hybanthus verticillatus

zygophyllaceae
Kallstroemia grandiflora
Larrea tridentata
Peganum mexicanum

*Tribulus terrestris

Growth
Common name formb

False nightshade P
villous false nightshade P
Wolfberry S
Wild tobacco B, P
Lobed ground-cherry A
Clammy ground-cherry P

P
Horsenettle P
Spiny nightshade A

Salt cedar T, S

Netleaf hackberry T

Texas spreadwing A

Wr ight lemon verbena S
Coulter tetraclea P
Prostrate vervain A
Ciliate vervain A
Fanleaf vervain A
Desert vervain A

Green violet P

Dese~t poppy A
Creosote J;)ush S
Garbancillo P
Goathead A

aTaxa arranged alphabetically by.family, genus, and specific epithet.
Those marked with an asterisk have· been found within 2 km 'of ERDA-9.

~rowth form: A= annualJ WA = wint~r annualJ B = biennialJ P =
perennialJ SS = suffruteseent; S = shrubbY:J T = arborescentJ HV = herbaceous
vineJ WV = woody vine.
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Sandbur (Cenchrus incertus) is locally abundant in sandy spots. Muhly
(Muhlenbergia spp.) occur sporadically on compact soils. ,ScatterE!d bluestem
(Andropogon spp.) occur at many sites. False buffalograss (Munroa squarrosa)
is the most common annual grass, being very dense in spring and early'sumnier
in some years.

In certain areas the sand is only partially stabilized by vegetation.
Stabilized "islands" of shinnery oak and mesquite-anchored soil are separated
by stretches of bare sand. The bare sand is highly susceptible ':\:0 erosion.
Thus wind erosion forms depressions, or blowouts, in the bare-sand areas,
leaving the stabilized portions as slightly elevated hummocks. ,The vegetation
is not greatly different from that found in shinnery oak-mesquite associations
in the fully stabilized dune area. Its configuration in isolated hummocks is
what is most distinctive about this subzone. The potential for wind erosion
is, of course, greater in years of low rainfall, when ground cover is lowest,
than in years of good rainfall.

A relatively small zone of active dunes running east-west is located just
southeast of the James Ranch headquarters. Vegetation is sparse, but includes
stands of ,a small tree, western soapbe'rry (Sapindus drummondii), and the an­
nual dune reverchonia (Reverchonia arenaria). Perennials are snowball
sandverbena (Abronia fragrans) and species of unicornplant (Proboscidea
spp.). All but Reverchonia occur sporadically elsewhere in the central'dune
area.

Creosote flats. west and southwest of the central dune area, the soils
become relatively dense and shallow (often only a few centimeters deep). The
caliche may even be exposed in,places. The floristic composition changes
drastically. Creosote bush (Larrea tridentata) becomes dominant. Snakeweed
(G. sarothrae) is the dominant subshrub. Shinnery oak and sand sagebrush are
absent. Sp~ies of the perennial muhlys (Muhlenbergia spp.) are quite dense
here, as are purple three-awn and black grama. Mesquite is present, sporad­
ically' occurring in clumps in depressions, but does not have significant cover
value.

Livingston Ridge. In this area the soil remains compact and shallow, with
occasional outcrops of rock or caliche. Creosote bush gives way to an Acacia­
dominated association at the top of the ridge. In addition to mescat acacia
(A. constricta), also known as white thorn acacia, Q. havardii, G. sarothrae,
and ~ campestris are the shrubby dominants here. ~croton (Crobbn dioicus)
and a ratany (Krameria lanceolata) are common perennial herbs. Muhlenbergia
porteri is the most abundant perennial grass.

Tobosa flats. The western face of Livingston Ridge drops abruptly about
200 feet to a broad valley floor ("flats") densely populated with tobosa grass
(Hilaria mutica). This species is uncommon elsewhere in the study area.
Purple three-awn (Aristida purpurea) is the only other grass of significance.
Creosote bush and ratany reappear: acacia is absent. Snakeweed is unimportant
here. Sparse stands of Yucca torreyi are found.

Studies have concentrated on the central dunes area because it includes all
of control zones I and'II. In the four sections around ERDA-9, the vegetation
has been examined in detail. It is a relatively homogeneous stabilized-dune
area supporting ashinnery oak, sand sagebrush, and dune yucca association.
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Mesquite is not a prominent shrub, although it is frequently a dominant
elsewhere in the dune area. Very dense stands of shinnery oak are common.
They exist as low shrubs usually less than 1 meter tall. Thickets form by
vegetative reproduction (root sprouts); thus many of the oak stands are
genetically single entities (i.e., clones). Acorn formation depends on rain­
fall. The failure of the spring rains in 1978 inhibited pistillate flower
formation and resulted in very few acorns that year. .In 1979, a relatively
"wet" year, the crop was larger than in 1978. Snakeweed (Gutierrezia
sarothrae) is sparse in theERDA-9 area.

Annuals are especially abundant; bindweed heliotrope (Heliotropium
convolvulaceum), desert bluets (Hedyotis humifusa), and fetid marigold (Pectis
angustifolia) are most common.

False buffalograss (Munroa squarrosa) in some years is the most abundant
grass (up to 310,000 plants per hectare). Other common grasses are black
grama (Bouteloua eriopoda) and species of three-awn (Aristida). Species of
Sporobolus (dropseed) and Muhlenbergia (muhly), and purple sandgrass
(Triplasis purpurea) occur late in the growing season.

All taxa collected and identified in the area around ERDA-9 are listed in
Table H-54. Typical views of the site are shown in Figures H-20 through H-23.

H.5.2.3 Wildlife

Typical grassland and shrubland species dominate the fauna of Eddy and Lea
Counties; their distribution and abundance are strongly affected by water
availability. The limited. areas of cropland are of special importance to many
species of wildlife because they provide both food and water. Stock ponds on
rangelands are water sources for wildlife as well as cattle.

Mammals

About 46 species representing nine mammalian orders are reported to occur
within the two-county region. Among these are 15 species of bats, few of
which have ever been observed east of the Pecos River. Some species form very
large colonies (e.g., the Brazilian free-t.ailed bat in. the Carlsbad Caverns
area). The one ground-dwelling insectivore, the desert shrew, is widely dis­
tributed but scarce throughout its range.

Lagomorphs (rabbits and hares) include the desert cottontail" and black­
tailed jack rabbit. Both are common in desert-shrub communities, but they
also occur in grassland and farmland. J"'

Desert-dwelling rodent species include kangaroo rats, grasshopper mice,
and pocket mice. Two introduced species,theho6se mouse and the Norway rat,
are typically found near humanhabitations~. .

Several carnivore species arewidesprekd and relatively common (e.g.,
coyote, gray fox, badger, striped skunk, bobcat).

Four game and ten furbearer species (Table H-55) are found in the region.
Furbearers that are closely associated with water (e.g., beaver and muskrat)
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-Figure H-20. Sand dunes at the WI PP site.

Figure H-21. Typical view of the WIPP site.
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Figure H-22. Blowout area.

Figure H-23. Typical stabilized dunes.

H-1l9



H-l20

Table H-55. Game Mammals and Furbearers of the Two-County Region

Thirty-nine species of mammals are known to occur within the study area.

F
F
F
F
F
F
F
F
F
F
G
G
G
G

statusbScientific namea

Castor canadensis
Ondatra zibethicus
Vulpes velox
Urocyon cinereoargenteus
Bassariscus astutus
Procyon lotor
Mustela frenata
Taxidea taxus
Spilogale gracilis
Mephitis mephitis
Felis concolor
Odocoileus hemionus
Odocoileus virginianus
Antilocapra americana

Common namea

Beaver
Muskrat
Swift fox
Gray fox
Ringtail
Raccoon
Long-tailed weasel
Badger
western spotted skunk
Str iped skunk
Mountain lion
Mule deer
Whi te-tailed deer
Pronghorn

Mammals of the study area

aCommon and scientific names follow Jones et al. (1975).
bGame status from 1977 hunting and trapping regulations: F = furbearer: G =

game species.

Several small mammals are abundant. The desert cottontail and the
blacktailed jackrabbit occur in all habitats~

are not common and occur only along the Pecos River; more than 10 miles from
the site. Coyote are trapped intensively throughout the region. Mule deer
are an important game animal in the region. The pronghorn. is basically a
plains animal, but it is also found in desert-shrub and desert-grassland habi­
tats in the arid southwest (Wallmo, 1975).

Among the rodents, there are obvious habitat preferences. Ord's kangaraoo
rat (Dipodomys ordii), for example, is found in all habitats of the central·
dunes zone and on the mesa, but not on the creosote bush flats, which are in­
habited by Merriam's andbannertail kangaroo rats (~merriami and ~ specta­
bilis). The Southern Plains woodrat (Neotoma micropus) is found in all habi­
tats. The spotted ground squirrel (Spermophilus spilosoma), on the other hand,
is only found in the oak-mesquite associations of the stabilized-dune area.

Three species of bats have been collected during two summer seasons of bat
study. None of these were previously reported east of the Pecos in south­
eastern New Mexico. The most commonly collected bat at the site, the cave
myotis (Myotis velifer), almost certainly roosts nearby because heavily preg­
nant females with limited flight ranges were collected in 1978 and 1979. It
is likely that roost sites occur along Livingston Ridge, but none have been
located. The Brazilian free-tailed bat (Tadarida braziliensis), which inhabits
Carlsbad Caverns, was first collected at the site in 1979. All specimens of
bats were collected at stock tanks at the site.



The mammals observed at the site and their habitat preferences are listed
in Table H-56, those potentially inhabiting the site are listed in Table H-57.

Certain species recorded for Eddy County, such as the rock mouse (Peromys­
~ difficilis) and the brush mouse (f. boylii), that are only found west of
the Pecos are not included in Table H-57 because it is highly unlikely that
they inhabit the study area even though suitable habitat may be present.

The desert shrew probably does occur in the study area, but has not been
collected. It is very difficult to trap and is always scarce.

The southern grasshopper mouse (Onychomys torridus) cannot be definitely
distinguished anatomically from the northern grasshopper mouse (Q. 1eucogaster)
without examining the skulls of specimens (Traut, 1963). Their habitat pref­
erences are distinct, however, ~ torridus prefers dense soil while O. leuco­
gaster prefers sandy soils (Gennaro, 1968). Thus, it is possible that some
specimens identified as ~ leucogaster, especially those collected in creosote
bush areas, are in fact ~torridus (see Table H-56).

Mule deer and pronghorn have been observed in the study area. Mule deer
are common, they frequent the oak-mesquite associations of the stabi1ized­
dune area and the various stock-watering tanks and ponds, but are also sighted
in the creosote bush association.

The most common predator is the coyote (Canis 1atrans), which is frequently
observed in all habitats of the study area. The swift fox (Vulpes ve10x) and
the elusive gray fox (Urocyon cinereoargentus) are uncommon.

The house mouse (Mus musculus), an introduced species, has been collected
in the central dune area.

Domestic animals are included in the mammal list because they are fre­
quently encountered in the study area. Cattle and horses are pastured,
usually separately, throughout the study area and are the most abundant large
herbivores.

Birds

A large variety of bird species are recorded for Eddy and Lea Counties.

Among the typical birds of the region is the white-necked raven, a year­
round resident in much of the region. Other fairly common breeding species
are the mockingbird, the pyrrhu10xia, and the loggerhead shrike. The lark
bunting is a common migrant throughout the area, as are several warblers and
sparrows. Black-necked stilts breed on the salt flats~ Common 'raptors in the
region include the marsh hawk, the American kestrel, Swainson's hawk, and the
Harris hawk.

,
Mourning dove and scaled quail are widespread and. heavily hunted, the

lesser prairie chicken and the bobwhite ·are also hunted. Bobwhi te are gen­
erally restricted to wooded or brushy river valleys•.. The mourning dove is
cornmon in agricultural land and is outnumbered only by scaled quail in total
numbers harvested. The game birds of the region are listed in Table H-58.
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Table H-56. Mammals Observed in the Terrestrial Ecology Study Area

Abun-
Conunon name Scientific name Food typea danceb HabitatC

Bats
Cave myotis Myotis velifer I'll C A
Pallid bat Antrozouspallidus I'll U A
Brazilian free-ta !led bat "Tadar ida braziliensis I'll U A

Lagomorphs
Desert,cottontail Sylvilagus audubonii P VC OM, M, CB, 0, HM
Black-tailed jackrabbit

..
Lepuscalifornicus P VC OM, M, CB, 0, HM

Rodents
Mexican ground squirrel Spermophilus mexicanus P, S, I'll, SV C CB, OM
Spotted ground squirrel ~, spilosoma P, S, I'll, SV VC OM
Plains pocket'gopher Geomys bursarius R VC OM
Yellow-faced pocket gopher Pappogeomyscastiinops S, P, I'll VC CB
Silky pocket mouse Perognathus flavus S, P, I'll C OM, CB
Plains 'pocket mouse P. flavescens S, P, I'll C OM, M
Hispid pocket 'mouse P. hispidus S, P, I'll U OM, M
Desert pocket mouse E..:., pen icillatus S, P, I'll C 0, HM, CB
Ord's kangaroo rat Dipodomys ordii P, S ' VC OM, (M) , 0, HM
Banner-tailed kangaroo rat ~ spectabilis P, S VC M, CB
Merriam's kangaroo rat D. merriami , P, S VC 0, HM, M
Western harvest mouse Reithrodontomys megalotis P, I'll U OM, CB
Deer mouse Peromyscus maniculatus S, P, IV U OM

White-footed mouse P. leucopus S, P, I'll C OM, M) CB, 0, HM
Northern grasshopper mouse, Onychomys leucogaster S, I'll, SV VC OM, (CB) , (M) , HM, 0
Hispid cotton rat ,Sigmodon~ispidus P U OM, M, (CB)
Southern Plains'Woodrat Neotoma-' micropus S, F, P VC OM, 0, HM, M, (CB)
White-throated woodrat N. albigula S, P C CB, M
House mouse' Mus musculus .. S, P, I'll U OM
Porcupine Erethizon dorsatum P U OM, M, CB, HM, 0

Carnivores
Coyote
Swift fox
Gray foxd
Badger
Str iped skunk
Bobcat

Ungulates
Mule deer
Pronghorn

Canis 'latraris
Vulpes velox
Uroc¥on cinereoargenteus
Taxideataxus
Mephitis~itis
Lynx rufus

Odocoileus hemionus
Antilocapra americana

V, I'll, P

SM
C, P
V

P
P

vc OM, CB, 0, HM, M, A
U CB
U ?
U OM, M
U OM
U OM

C OM, CB, A
U M

Domestic speciese
Dog
Cat
Goat
Cattle
Horse

~...
Canis familiaris

,Felis. catUs'
Caprasp. '., " .'

'Bos t21lirus (iuiq ,B'. indicus)
E9liu~llus

are frequently of equal im­
creosote bush associations;

A = aquatic (stock pond or tank);

aFood type: P = plant tissue; F = fruit; S = seeds; K = roots and tubers; I'll
SV = small ,vertebrates; V =vertebrates; SM = small mammals; C = carrion.

bAbundance: VC ;" very common;C = common; U'= unconunon.
cHabitat de~criptions arepased on vegetation. Edaphic factors

portance in distribution•.Key: OM = oak-mesquite associations; CB
M = mesa' (mesquite grassland); HM = hummock mesquite associations;
o = ,active dunes.

dBased ontrClcks and collection of a single gray-fox skull in 1979.
eGoats are penned; all other domestic species may occur, in all six habitats.
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Table H-57. Mammalian Species potentially Inhabiting but Not Observed
in the Terrestrial Ecology Study Areaa

Common name

Desert shrew
Townsend's big-eared bat
western pipistrelle
Long-eared myotis
Fringed myotisb
California myotisb
Yuma myotisb
Long-legged myotisb
Small-footed myotis
Silver-haired batb
Big brown batb
Red batb
Big free-tailed batb
Pocketed free-tailed bat
Plains harvest mouse
Southern grasshopper mousec
Kit fox
White-tailed deer

Scientific name

Notiosorex crawfordi
Plecotus townsendii
Pipistrellus hesperus
Myotis evotis
~ thysanodes
M. californicus
M. yumanensis
M. volans
M. leibii
Lasionycteris noctivagans
Eptesicus fuscus
Lasiurus borealis
Tadarida macrotis
T. femorosacca
Reithrodontomys montanus
Onychomys torridus
Vulpes macrotis
Odocoileus virginianus

aCommon and scientific names follow Jones et al. (1975).
~ever reported east of the Pecos River.
cSee discussion in Section H.5.2.3 under "Mammals of the Study Area."

Migratory birds that might be hunted in the region include several species
of waterfowl. The region is not an important breeding area for waterfowl.

The region is in the Central Flyway (a Federal administrative management
unit for waterfowl). Mallards, pintails, blue-winged teal, and green-winged
teal are the most common dabbling ducks in the region~ the first two species
constitute one-half to two-thirds of the annual harvest of waterfowl in the
Central Flyway (Buller, 1964). The redhead, 'the canvasback, and the lesser
scaup are common 'diving ducks in the Flyway.

Birds of the study area. One hundred and twenty-two species of birds have
been observed in the study area and nearby areas: Laguna Grande de la Sal and
the intersection of New Mexico 'Highway 31 and the Pecos River (Table H-59).
Six of these (mallard, blu~~wi~~ed teal, green-winged teal, bobwhite, scaled
quail, and mqur.ning dOve): are classified 'as game species.' Only the scaled
quail and the IDourn'ing dove" however', are prese'rit in huntable, numbers (J.
Herring, New Mexico Game and Fish Department, personal communication, August
2, 1978). The three duck specie'S were rare visitors observed on stock ponds
near the site (Wolfeet al., 1977a).

the
ern
the

, ,

In addition to the scared quail and the mourning dove, the mockingbird,
loggerhead shrike, the''PYrrhuloxia, the black-throated sparrow, the west­
meadowlark, the lark bunting, the vesper sparrow, Cassin's sparrow, and

"-
white-crowned sparrow are the avian species present in greatest densities
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Table H-58. Game Birds in the Two-County Regiona

Connnon name

Canada goose
White-fronted goose
Snow goose
Mallard
Gadwall
Pintail
Green-winged teal
Blue-winged teal

.Cinnamon teal
American wigeon
Northern shoveler
Redhead
Ring-necked duck
Canvasback
Lesser scaup
Connnon goldeneye
Bufflehead
Ruddy duck
Connnon merganser
Lesser prairie chicken
Bobwhite
Scaled quail
Ring-necked pheasant
Sandh ill crane
Virginia rail
Sora
Amer ican coot
Connnon snipe
Mourning dove

Scientific nameb

Branta canadensis
Anser albifrons
Chen caerulescens
Anas platyrhynchos
~ strepera
lh. acuta
A. crecca
A. discors
~ cyanoptera
A. americana
~ clypeata
Aythya americana
A. collar is
A. valisineria
A. affinis
Bucephala c1angu1a
B. a1beo1a
Oxyura jamaicensis
Mergus merganser
Tympanuchus pa11idicinctus
Colinus virginianus .
Ca1lipep1a squamata
Phasianus colchicus
Grus canadensis
Rallus limico1a
Porzana carolina
Fulica americana
Capella gallinago
Zenaida macroura

StatusC

1
I
I
1
I
1
1
I
1
I
I
1
I
1
1
I
I
1
1
2
2
2
2
1
I
I
1
1
1

aRanges from Bel1rose (1976) and Johnsgard (1973, 1975).
~omenclature follows the American Ornithologists' Union (1957, 1973, 1976).
CKey: 1 = migratory species, hunting regulations controlled by the Federal

Government~ 2 = permanent resident.

in the study area (Table H-60). The Harris hawk, the white-necked raven,
Swainson's hawk, the marsh hawk, and the American kestrel are never more num­
erous than one per 100 hectares, but are sighted consistently. Many other
species are present in low densities and in only one or a few months. Many of
these are migrants, such as the blue-winged teal, the yellow-rumped warbler,
Wilson's warbler, and the clay-colored sparrow.

Rocky escarpments along Livingston Ridge (4 to 5 miles northwest of the
site) provide suitable nesting habitat for several raptor species. The marsh
hawk, a ground-nesting .species, may nest in undisturbed areas near the site.
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Birds Observed in the Terrestrial Ecology Study

Area and at Nearby Aquatic Sitesa
Table H-59.

Common nameb

Grebes
*Pied-billed grebe

Herons and egrets
Great blue heron
*Green heron
Little blue heron
Cattle egret
Snowy egret
Black-crowned night heron

Ducks
Mallard
*Northern shoveler
Green-winged teal
Blue-winged teal

vultures
Turkey vulture

Hawks and eagles
*Sharp-shinned hawk
Red-tailed hawk
Swainson's hawk
Ferruginous hawk
Harris' hawk
Golden eagle
Marsh hawk

Falcons
Peregrine falcon
Prairie falcon
American kestrel

Grouse
Lesser prairie chicken

Quail
Bobwhite
Scaled quail

Cranes
Sandhill crane

Rails, coots, gallinules
*Amer ican coot

Plovers
Snowy plover
Killdeer
*Mountain plover

Sandpipers
Common snipe
*Long-billed curlew
Spotted sandpiper
Solitary sandpiper
*Greater yellowlegs
*Least sandpiper
*Stilt sandpiper f
*Western sandpiper

Scientific name
..•.:,.-\' '.

Podicipedidae
Podilymbus podiceps

Ardeidae
Ardea herodias
Butorides virescens
Florida caerulea
Bubulcus ibis
Egretta thula
Nycticorax nycticorax

Anatidae
Anas platyrhynchos
~ clypeata
A. crecca
A. d'IS"CCrrs

Cathartidae
Cathartes aura

Accipi tr idae
Accipiter striatus
Buteo jamaicensis
B. swainsoni
B. regalis
Parabuteo unicinctus
Aquila chrysaetos
Circus cyaneus

Falconidae
Falco peregrinus
F. mexicanus
F. sparverius

Tetraonidae
TYmPanuchus pallidicinctus

Phasianidae
Colinus virginianus
Callipepla squamata

Gruidae
Grus canadensis

Rallidae
Fulica americana

Charadriidae
Charadrius alexandrinlis
~ vociferus
Eupoda montana

Scolopacidae
Capella gallina~o'
Numenius americanus
Actitis.macularia
Tringa'solitaria
T. melanoleucus
calidris'minutilla
Micropalama hlrnant6p~s
Calidris mauri
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C2' C3
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C3' C2
C3' C2
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C3' C2
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C3' C2
C3, C2
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CI
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C2' C3
C2, C3
C2, C3
C2' C3
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Abun-
danced Seasone

I M

UC S
UC S
UC S
UC S
UC S
UC S

UC M

UC M
UC M
UC M

C S

UC M
C Y

UC S
UC W
UC Y

UC Y

C W

I M
UC W
C M'

UC Y

UC Y

VC y

UC M

I M

C S
C M
UC M

UC M
. UC 7'~

M
UC M
UC M
UC, M
UC M
I M
UC M



Table H-59. Birds Observed in the Terrestrial Ecology Study Area and at
Nearby AquaticSitesa (continued)

C01lDDon nameb

Avocets, stilts
American avocet
Black-necked stilt

Phalaropes
Wilson's phalarope
*Northern phalarope

Gulls and terns
Least tern

Pigeons and doves
Mourning dove

Cuckoos
Yellow-billed cuckoo
Roadrunner

Barn owl
Barn 'owl

Owls
Great-horned owl
Burrowing owl
*Short-eared owl

Nightjars
Poor-will
C01lDDon nighthawk

Kingfishers
Belted kingfisher

Woodpeckers
Conunon flicker
Ladder-backed woodpecker

Flycatchers
western kingbird
*Cassin's kingbird
Scissor-tailed flycatcher
Ash~throated flycatcher
Say's phoebe
*Traill flycatcher
*Least flycatcher

Western wood pewee
*Olive-sided flycatcher

Larks
Horned lark

Swallows, martins
*Violet-green swallow
Barn swallow
Cliff swallow

Crows, ravens, and jays
White-necked raven

Chickadees, titmice
*Mountain chickadee

Scientific name

Recurvirostridae
Recurvirostra americana
Himantopus mexicanus

Phalaropodidae
Steganopus tricolor
Lobipes lobatus

Laridae
~ albifrons

COlumbidae
Zenaida macroura

Cuculidae·
Coccyzus americanus
Geococcyx californianus

Tytonidae
~ alba

Strigiformes
Bubo virginianus
Athene cunicularia
Asio flanuneus

Capr imu1gidae
Phalaenoptilus nuttallii
Chordeiles minor

Alcedinidae
Megaceryle alcyon

Picidae
Colaptes auratus
Picoides scalar is

Tyrannidae
Tyrannus verticalis
T. vociferans
MUscivora forficata
Mfiarchus cinerascens
Sayornis saya
Empidonax traillii
E. minimus
i:"" sp. Cj
contopus sordidulus
Nuttallornis borealis

Alaudidae
Eremophila alpestris

Hirundinidae
Tachycineta thalassina
Hirundo rustica
Petrochelidon pyrrhonota

Corvidae
~ cryptoleucus

Paridae
Parus gambeli
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I
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C
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Y
Y
M

5
S

M

M

S
M
S
S
M, W
M
M
M
S, M
M

M, W

M
S
S

s

M



Table H-59. Birds Observed in the Terrestrial Ecology study Area and at
Nearby Aquatic Sitesa (continued)

Common nameb

Wrens
House wren
Bewick's wren
Carolina wrenf
Cactus wren

Rock wren

Mockingbirds, thrashers
Mockingbird
Brown thrasher
*Bendire's thrasher f
Curve-billed thrasher
Crissa1 thrasher
Sage thrasher

Thrushes, bluebirds
*Mountain bluebird

Shrikes
Loggerhead shrike

Starlings
Starling

Warblers
*Orange-crowned warbler
Ye11ow-rumped warbler
*MacGi11iuray's warbler
Yellow-breasted chat
Wilson's warbler

Weaver finches
House sparrow

Blackbirds, orioles
Eastern meadowlark
Western meadowlark
Yellow-headed blackbird

Red-winged blackbird
*Scott's oriole
Northern oriole
Brewer's blackbird
Brown-headed cowbird

Tanagers
*Western tanager

Grosbeaks, finches,
sparrows, buntings

Pyrrhu10xia
Blue grosbeak
*Lazuli bunting
House finch
Pine siskin
American goldfinch
*Lesser goldfinch
Green-tailed towhee
Rufous-sided towhee
*Brown towhee

SCientific name

Troglodytidae
Troglodytes aedon
Thryomanes bewickii
T. 1udovicianus
campy10rhynchus

brunneicapi11u8
Salpinctes obso1etus

Mimidae
~ po1yg1otto8
Toxostoma rufum
~ bendire-i--
T. eurvirostre
T:" dorsa1e
C>reo8coptes montanus

Turdidae
Sia1ia currocoides

Laniidae
Lanius ludovicianus

Sturnidae
Sturnus vulgaris

Parulidae
Vermivora ce1ata
Dendroica ~ta
Qporornis tolmiei
Icter ia virens
Wi1sonia-pusrr1a

P10ceidae
Passer domesticus

Icteridae
Sturnella magna
~ neg1ecta
Xanthocepha1us

xanthocepha1us
Age1aius phoeniceus
Icterus parisorum
.!..:. ga1bu1a
EuPhagus cyanocepha1us
Molothrus~

Thraupidae
piranga1udoviciana

Fringillidae
Card inalis' sinuata
Guiraca.caeru1ea '
Passer ina amoena
carpodacus:mexICanus
Carduelis pinus
C. tristis "
C. psaltria,
pipi10 ch10rurus
!:.. erythrophthalmus
!:..~
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oc
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I

C
I
I
C
C
C
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C

C
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C

C

C
C

C
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I
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C
I
C
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I
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I
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M
M
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S

S
M
M

Y
Y

W

M

Y

y

M
M
M
M
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y

S, (Y?)
Y

M
M

S
S
M
S

M

y

S
M
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M
M
M
M
M
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Tabl~ H-59. Bi~ds Observed in the Terrestrial Ecology Study Area and
at Nearby Aquatic Sitesa (continued)

Abun-
Connnon nameb ScienUfic name Food typec danced Seasone

Grosbeaks, finches,
sparrows, buntings (continued) Fringillidae (continued)

Lark bunting Calamospiza melanocorys CI, C2 VC M
Savannah sparrow Passerculus sandwichensis CI' C2 I M
Vesper sparrow Pooecetes gramineus CI, C2 C W
Baird's sparrowf Ammodramus bairdii CI' C2 I M
Lark sparrow Chondestes grannnacus CI' C2 C .M
Cassin's sparrow Aimophila cassinii CI' C2 VC S
Black-throated sparrow Amphispiza bilineata CI' C2 VC . y
Sage sparrow A. belli' CI, C2 C W
Dark-eyed junco Junco hyemalis CI' C2 C W
*Chipping 'sparrow Spizella passer ina CI' C2 UC M
Clay-colored sparrow ~ pallida CI' C2 I M
Brewer's sparrow S. breweri CI' C2 C M, W
White-crowned sparrow zonotrichia leucophrys CI' C2 VC W
*Song sparrow Melospiza melodia CI' C2 UC M

alncludes stock tanks in area, nearby salt lakes, and Pecos River.
bAn aster isk ind icates spec ies added to the list dur ing October 1978 through September 1979.
cTrophic levels (Cl = primary consumer; C2 = secondary consumer; C3 = tertiary con- .

surner) listed in order of relative importance.
dAbundance: VC = very connnon; C = connnon; UC = unconnnon; I = incidental (seen only once or

twice) •
eSeason: S = sunnner only; W = winter only; M = migrant; y = year-round resident.
fRecord questionable, reported without details.
gEmpidonax difficilis removed from checklist because substantiating evidence is lacking and

because field identification is extremely difficult. All observations were recorded as Empidonax
sp. until a specimen was collected.

Reptiles and amphibians

Amphibians are not an important part of the fauna at the WIPP site because
suitable habitat is limited. However, several amphibian species are adapted
to arid-land habitats. Others occur along the Pecos River and in irrigated
cropland. Characteristic reptiles in the region include the western box tur­
tle, the side-blotched lizard, the western whiptail, the bullsnake, and the
western rattlesnake.

Twenty-nine species' (6 amphibians and 23 reptiles) are observed in the
site vicinity (Table H-61). Suitable habitat for amphibians and aquatic rep­
tiles is limited to stock tanks. Sand dunes, rocky outcrops, and the various
shrub associations provide a variety of habitats. species potentially in­
habiting the site vicinity are listed in Table H-62.

The amphibian species (e.g., tiger salamander, green toad, and plain's
spadefoot) are adapted for survival in relatively arid situations. All re­
quire water for breeding and for the aquatic stages of development, but adults
can survive periods of drought.

One aquatic and one terrestrial species of turtle are observed. The yellow
mud turtle is commonly found in stock tanks and ponds. The western box turtle
inhabits much of the study area but avoids habitats dominated by creosote bush.
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C
Table H-60. Estimated Densities of Bird Species at, or in the Vicinity of, the WIPP Site

Density (number per 100 hectares)
1975 1976 1977

Species S 0 N D J F M J J A M A M J J A

Ducks
Mallard <1
Green-winged teal <1
Blue-winged teal' <1

Hawks and allies
Turkey vulture <1 <1 <1 <1 <1 <1 <1
Red-tailed hawk <1 <1 <1
Swainson'.s hawk <l <1 <1 <1 <1 <1 <1 <1 <1 <1
Ferruginous hawk <1 <1 <1
Harris' hawk <1 <1 <1 <1 <1 <1 <1 <1 <1
Marsh hawk ' <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
American kestrel <1 <1 <1 <1 <1 <1 <l <1 <1

Quails'
Bobwhite <1 <1
Scaled quail 4 3 7 4 3 3 6 3 1 7 3 2 2 2 3 7

t:J:l CranesI
I-' l:landhU1 crane <1
!'oJ
ID

Doves
Mourning dove 19 7 5 1 <1 1 2 <1 <l <1 <1 2 2

Cuckoos
Yellow-billed cuckoo <1
Roadrunner <1 <1 <1 <1 <1 <1 <1 <1 <l <1 <1 <1

Owls
Great horned owl <1 <1
BurroWing owl <1 <1 <1

Nighthawks
Common nighthawk 2 2 1 2 <1

Woodpeckers
Ladder-backed woodpecker <1 <1 <1 <1 <1 <1
Red-shafted flicker <1

Perching birds
Western kingbird <1 1 <1 <1 <1 1
Scissor-tailed flycatcher <1 <1 <1
Ash-throated flycatcher <1 <1 <1 <1
Say's phoebe <l <1 <1 <1
western empidonax fly-
catcher <1 1
Western wood pewee <1 <1
Cliff swallow <1



Table H-60. Estimated Densities of Bird Species at, or in the Vicinity of, the WIPP Site (continued)

Density (number per 100 hectares)
1975 1976 1977

Species S 0 N D J F M J J A M A M J J A

Blue jay <1
White-necked raven 1 <1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1
House wren <1 <1
Carolina wren <1 1
Cactus wren 1 1 1 1 2 2 <1 <1 <1 <1
Rock wren <1
Mockingbird 1 <1 4 1 <1 <1 <1 4 2 <1 <1
Brown thrasher <1 <1 <1
Curve-billed thrasher <1 <1
Crissal thrasher <1 <1 <1 <1 <1 <1 <1 <1
Sage thrasher <1
Loggerhead shrike 4 3 3 2 4 3 4 3 3 4 5 4 4 5 6 3
Yellow-rumped warbler <1 <1

III Wilson's warbler 2
I Western meadow1arka <1 2 13 6 12 12 6 <1 <1 5 <1I-'

W Bullock's oriole <1 <1 <1
0 Brewer's blackbird <1

Brown-headed cowbird <1 2 <1 <1 <1
Pyrrhuloxia 1 4 7 10 4 4 6 10 9 5 4 8 4 10 10 6
House-finch 1
Lark blinting 10 9 7 21 9 12 25 1 1 10 <1 <1
Pine siskin 1 31 2 19
American goldfinch 3 2
Green-ta iled towhee 1 2
Rufous-sided towhee 1 1
Baird's sparrow <1
Vesper sparrow 1 8 9 6 3 1 10
Lark sparrow 1 <1 <1 <1
Cassin's sparrow 11 <1
Black-throated sparrow 1 1 1 4 1 3 2 3 1 4 2 3 2 <1 <1
Sage· sparrow <1 4
Chipping sparrow <1
Dark-eyed (Oregon) junco 1 1
Clay-colored sparrow <1 <1
Brewer's sparrow <1
White-crowned sparrow 9 9 18 16 12 8 <1

aMay include eastern meadowlarks; species are difficult to distinguish._



Table H-6l. Amphibians and Reptiles Observed in the Terrestrial
Ecology Study Area

Abun-
COI1IIlIOI1 name Scientific name Food typea , danceb' HabitatC

Amphibians
Tiger salamander Ambystomatigrinum I C A, M
Couch's spadefoot Scspiliophus couchi I UC A, CB
Plain's spadefoot S. banbifrons I C A, OM
Texas toad Bufo speciosus I UC A
Great Pis ins toad !h cognatus I UC A, OM
Green toad B. debilis I C A

Reptiles
Yellow mud turtle Rinosternon flavescens P, I, sv lit: A, M, OM
western box turtle Terrapene ornata P, F, I lit: OM, M, D, 11M
Collared lizard Crotaphytus collar is I UC M
Leopard lizard C. wislizenii I, SV UC D, 11M, OM
Lesser ear less lizard Holbrookia maculata I UC OM
Greater ear less lizard H. texana I UC CB
Side-blotched lizard Uta stansburiana I lit: OM, (CBI, (M) , D, 11M
Texas horned lizard Phrynosoma cornutum I C OM, M
Round-tailed horned lizard P. modestum I UC M
western whiptail Cnemidophorus tigr is I lit: OM, CB, D, 11M, M
Texas spotted whiptail .£!.. ,gular is I lit: CB
Six-lined racerunner C'. sexlineatus I UC OM
Great Plains skink Eumecesobsoletus I UC OM, CB
Texas blind snake 'LePtotiphlops dulc is SV UC OM
Western hognose snake Heterodon nasicus I, sv C OM
Coachwhip Masticophis flagellum I, sv C OM, CB
Glossy snake Arizona elegans SV C OM
Bullsnake Pituophis melanoleucus SV C OM, CB
Long-nosed snake Rhinocheilus lecontei SV UC OM, CB
Night snake Hypsiglena torquata SV UC OM
Massasauga Sistrurus catenatus sv UC OM
western diamondback

rattlesnake Crotalus atrox sv UC OM, ca, M
Western rattlesnake £!.. viridiS- SV VC OM, CB, 11M, D

aRey: P = plant tissue! F= fruit! I = invertebrates! SV = small vertebrates.
bAbundance: VC = very commonJ. C = common! UC = uncommon.
Cftabitat: OM =oak-mesquite associations! CB = creosote bush associations! M = mesa

(mesquite grasslandl! D = dunes! 11M = hummock mesquite associations! A = aquatic (stock pond or
tankl •

Lizards (11 species) are the most abundant and conspicuous reptiles, with
the side-blotched lizard and the western whiptail· common in ~osthabitats.

The Texas horned lizard iscommonin'Q8k-mesquite ,assoCiations arid on the
mesa. All species are diurnal and :primar,i1y illsectivoro,us. .

Several species of snakes are common in th~area, including~heCwestern
hognose snake, the coachwhip,andthe'western rattlesnake. Less common are
the night snake, the long-nosed snake, andthC! massasauga. All Species are
carnivorous. ".,

Terrestrial invertebrates
I

Important crop pests are:the'alfalf~ c,aterpi1lar,cutworms, and aphids,
which damage alfalfa J and the cotton bollworm· and stinkbugs, 'which attack'
cotton. Grasshoppers are the 'principal range pest, destroying'botn domestic
and wildlife forage. The fleas that transmit plague 'are thednly important
disease vectors.
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Table H-62. Amphibians and Reptiles Potentially Inhabiting but Not
Observed at, or in the Vicinity of, the WIPPSite

Common name

Amphibians
Western spadefoot
Woodhouse's toad
Red-spotted toad
Barking frog
Cricket frog
Leopard frog
Bullfrog

Reptiles
Snapping turtles
Pond slider
Spiny soft-shelled turtle
Eastern fence lizard
Sagebrush lizarda
Checkered whiptail
Little striped whiptail
Plain-bellied water snake
Western hognose snake
Corn snake
Common kingsnake
Checkered garter snake
Common garter snake
Ground snake
Western hooked-nosed snake
Great Plains black-headed snake

,
Scientific name

Scaphiopus hammondi
Bufo woodhousei
!!. punctatus
Eleutherodactylus augisti
Acr is gryllus
Rana pipiens
R. catesbeiana

Chelydra serpentina
Pseudemys scripta
Trionyx spiniferus·
Sceloporus undulatus
S. gracioisus
cnemidophorus tesselatus
£. inornatus
Natrix erythrogaster.
Heterodon nasicus
Elaphe guttata
Lampropeltis getulus
Thamnophis marcianus
T. sirtalis
Sonora episcopa
Ficimia cana
Tantilla nigriceps

Sand crickets, ground beetles, darkling beetles, ants, and termites are
the most abundant ground-dwelling insects found. Most of the arthropods col­
lected are scavengers, plant feeders, and granivores. Predatory forms include
scorpions, whiptails, spiders, praying mantids, and ants. Termites, ants, and
grasshoppers are common in all plant communities. Termites are by far the
most significant detritivores in the study area. They form large subterranean
colonies in the stabilized dunes, on the mesa, and on the creosote bush
flats. Their biomass is at least as large as that of the cattle grazing the
surface.

Domestic livestock and range management

Domestic livestock. Ranching is the main agricultural enterprise in the
region, and beef cattle are the principal livestock. Most of the cattle are
kept on the range throughout the year and are given supplementary feed in
winter. In summer, sudangrass, bermuda grass, and stubble are used for tem­
porary grazing while native grasses rest during part of the growing season and
produce seed for regrowth (SCS, 1971, 1974}.
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In 1969, there were about 123,000 beef cattle in Eddy and Lea Counties
(BLM, 1973). Other livestock raised in the region are hogs (approximately
12,400 in 1969), sheep (approximately 42,300 in 1969), and a few thousand
dairy cows (BLM, 1973). Horses are less common and are used mainly for ranch-

~ ing and recreation. Domestic-poultry farming is quite limited.

Range management. The WIPP site lies entirely within the Deep Sand and
Sand Hills range sites (Table H-63). The site vicinity also includes Sandy,
Rocky Land, Loamy, Salty Bottomland, and Bottomland range sites (SCS, 1971).

There are three BLM grazing allotments in the study area: 7032, 7027, and
7033 (BLM, 1978). The site itself is all on allotment 7032, which BLM classi­
fies as in fair condition for livestock grazing. The recent licensed use of
this allotment (BLM, State, and private land) has been, on the average, a
little over six head per section. The carrying capacity of the allotments in
the site region (an animal unit is defined as the amount of feed required to
sustain one adult for a year) varies greatly from one section to the next and
from one year to the next, depending on rainfall. In addition, allotment 7032
has an allotment-management plan that BLM revised in 1973. According to the
plan, the actual qualifications for allotment 7032 are for 13,239 animal-unit
months (a little over nine head per section). The plan specifies grazing
deferments of various pastures for different lengths of time. Preliminary
revised BLM data for allotment 7032 indicate a suggested stocking rate varying
from 7 to 21 acres per animal-unit month, based on a 40% to 60% range utiliza­
tion. This stocking rate is roughly equivalent to 7.6 to 2.5 head per section,
assuming yearlong grazing.

Mesquite-control programs have been implemented in allotments 7033 and
7027, and, according to BLM (1977), have been fairly successful. After the
spraying of mesquite, native grasses have increased, thus supporting the his­
torical record that much of the area was once productive grassland.

Plants potentially poisonous to livestock occur throughout the area, but
cause little trouble except in extreme weather conditions (BLM, 1977). Shin­
nery oak, which is poisonous to cattle during about 6 weeks in the spring, and
snakeweed are common.

H.5.3 Aquatic EcologY

H.5.3.1 Two-county region

Aquatic habitats

The two-county region is in the basin of the Pecos River, which originates
in the Sangre de Cristo Mountains in northern New Mexico. The Pecos River
flows to the south through New Mexico and i~to the Red Bluff Reservoir, con­
tinues in a southeasterly qirectionacross Western Texas, eventually joining
the Rio Grande. It' has an overall length of about 500 mile's and drains about
25,000 square miles in New Mexico and 17,000 square miles in Texas. The hydro­
logic characteristics of the region are discussed in Section 7.4.
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Table H-63. Range Condition of the Land at the WIPP Sitea

Annual Potential vegetation
Range production

Soil mapping unit site (lb) b Key decreases Key increases Key invaders

Berino complex, Deep sand 400-2400 .~ Littlebluestem Blue grama Broom snakewood
0-3% slopes, eroded Sand bluestem Hairy grama Annuals'

Blackgrama ' Sand., dropseed
Bush muhly Three-awn
Side-oats grama Mesquite
Plains bristle grass Shinnery oak

Kermit.,..Ber ino
sand, 0-3% slopes

':I: Kermit fine sand Sand hill 800-3000 Bush mu~ly Blue grama Broom snakewoodI.... Li ttle bluestem Red lovegrass Ring muhlyw
~ Black grama Halls panicum. Annuals

Sand bluestem Sand dropseed
Plains bristle grass Tall dropseed
Indian r ice grass Sand muhly
Sw i tchg ra ss Mesquite

Little soaptree
Yucca

Shinnery'oak
Sand sagebrush
Catclaw mimosa

Berino fine sand Deep sand 400-2400 See .Ber inc complex See Berino· See Berino
above complex above complex above

aBased on data from the Soil Conservation Service (SCS,1971).
bLow numbers indicate average annual production of air-dry grazable forage on s.ites in poor condition~ high

numbers indicate production on sites in excellent condition.



The area is semiarid. Away from the river aquatic habitats are limited to
intermittent streams and livestock-watering ponds. Poor water quality is
characteristic of much of the Pecos River basin in the lower sections. Both
surface water and groundwater contain salt from natural sources (salt springs,
brine seeps, or gypsum overburden) and from human activities (e.g., irrigation
return flow, potash mining). An'important natural source of salt is the con­
centrated brine springs at Malaga Bend, which increase the salt content of the
Pecos River by an esttmated 340 tons per day. These sources progressively
concentrate salts downstream.

Seasonally wet, shallow lakes (playas) and permanent salty lakes occur in
the area. An example of the latter is the Laguna Grande de la Sal about 11
miles west-southwest of the WIPP site.

Aquatic biota

Because of high salinity due to natural brines and irrigation return
flows, the lower Pecos River basin supports a depauperate flora and fauna.
According to J. E. Sublette (personal communication, 1978), the aquatic fauna
of the Pecos River and the Red Bluff Reservoir are probably the least known in
New Mexico in both species and population density. Thirteen sampling stations
have been established to study the faunal composition of aquatic habitats in
the study area and nearby (Figure H-24).
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Fish

Fish have been studied in more detail than other aquatic organisms in the
region.

At present, there is no active commercial fishery in the site region
(R. R. Patterson, New Mexico Game and Fish Department, personal communication,
January 20, 1978), although several suitable species (carp, carpsucker, small­
mouth buffalo) occur throughout the Pecos River basin.

A limited recreational fishery--based on such warm-water species as channel
catfish, white bass, bluegill, green sunfish, and large-mouth bass--is located
in the lower Pecos River basin. Because of the poor water quality of the lower
Pecos mainstem, most of the recreational fishing activity is concentrated in
impoundments on the upper reaches of the Pecos and its tributaries (R. R. Pat­
terson, personal communication, January 20, 1978), although the Red Bluff
Reservoir offers a modest sport ~ishery.

Both warm- and cold-water sport fish are stocked in Chaves, Eddy, and Lea
Counties. In the 1973-1974 fiscal year, a total of 1,242,086 fish (trout,
channel catfish, and walleye) were stocked (USDA, 1975).

Macroinvertebrates

Studies of the macro invertebrate communities in the site region began in
the spring of 1978. Chironomidae (nonbiting midges) were very abundant in
many of the habitats investigated. At Harroun Crossing, the caddisfly family,
Hydropsychidae, was also very abundant.

The invertebrate fauna of windmill-pumped water and playa lakes of eastern
New Mexico and western Texas has been studied by Sublette and Sublette (1978).
Most of the species that successfully invade the windmill-pumped waters are
strong fliers and are able to travel considerable distances. The playa lakes
contain many temporary pond forms, including the fairy, tadpole, and clam
shrimps.

Microorganisms and plankters

Investigations of the microbial biochemistry of the site region include
studies of surface waters, subterranean aquifers, and surface soils (Caldwell,
1978).

Diatoms are the principal planktonic producers in the fresh surface waters
of the site region. The flora of Laguna Grande de la Sal consists of Halobac­
terium spp. and Dunaliella spp. A layer of cyanobacteria and photosynthetic
sulfur bacteria is found below the salt crust surrounding the salt lake (Cald­
well, 1978). Periphyton (epiphyton, epipelon, and filamentous algae) probably
account for most of the production in the Pecos River. No blue-green algae
were dominant in the Pecos River at certain sites and seasons (Sublette and
Sublette, 1979).

Vascular plants

Other primary producers include the vascular aquatic plants. A rather
extensive survey of vascular plants has been completed in Chaves, Eddy, and
Lea Counties (Martin, cited by Sublette and Sublette, 1978).
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H.5.3.2 Aquatic biota of the study area

Surface waters in the study. area are limited to earthen livestock-watering
ponds and metal stock tanks. Ephemeral surface waters (Le., puddles) may
form after a thunderstorm. This rainfall is generally of brief duration, but
is occasionally intense. The temporary surface waters on the site provide
minimal aquatic habitat.

The windmill tank (station 2, Figure H-24) and the hill tank (station 3)
are being monitored for physical and for biotic characteristics. No macro­
invertebrates were found in the February 1978 ,sampling of the windmill tank,
but substantial numbers of seed shrimp (Ostracoda), nonbiting midges (Chiro­
nomidae), biting midges (Ceratopogonidae), fingernail clams (Sphaeriidae),
aquatic worms (Oligochaeta), and copepods (Copepoda), were collected in the
hill tank.

No fish species are known to occur within the study area.

H.5.4 Endangered and Threatened Species

H.5.4.l Terrestrial species

Plants

The cactus Coryphantha sneedii var. leei, which is on the Federal list of
endangered plants (FWS, 1976) in Eddy County, like most of the proposed spe­
cies, is located in the Guadalupe Mountains. Proposed species include a milk­
wort (Polygala rimulicola), wild columbine (Aquilegia chaplinei), and bladder­
pod (Lesquerella valida). Another is a wild buckwheat (Eriogonum gypsophilum)
that occurs on gypsum outcrops about 20 miles north of Carlsbad (Spellenberg,
1977). No species have been proposed for the Federal list of endangered
plants for Lea County.

New Mexico does not have an official State list of rare, threatened, or
endangered plant species. However, the New Mexico Plant Protection Act of
1953 protects all or some species in 23 plant families and includes some of
the species proposed for the Federal, list of endangered species in the State.

No plants proposed for the Federal list of endangered or threatened spe­
cies have been observed within the study area, and the, lack of suitable
habitat makes their occurrence at the site unlikely.

Terrestrial vertebrates

Table H-64 lists the ~ndangeied terrestrial vertebrates that have been
recently observed in the .two-county region~" Most of these species are as­
sociated with habitats that are not on or in the vicinity of the site.

Only two of these species, the bald eagle and the peregrine falcon, are
included in the Federal list. Both sp~ies usually forage in the vicinity of
large bodies of water like the Pecos River and associated reservoirs. It is
unlikely that either species would be more than an occasional visitor at the
site.
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Table H-64. Endangered Terrestrial Vertebrates in the Region of the Sitea

Common name

Mammals
Nelson's pocket mouse

Birds
Mississippi kite
Bald eagle
Peregrine falcon
Aplomado falcon
Red-headed woodpecker
Varied bunting
Baird's sparrow<:
McCown's longspur

Reptiles
(Texas) slider turtle
(Sand dune) sagebrush lizard
(Blotched) plain-bellied

water snake
(Pecos) western ribbon snake

Amphibians
(Eastern) barking frog
(Blanchard's cricket frog

Scientific name

Perognathus nelsoni canescens

Ictinia mississippiensis
Haliaeetus leucocephalus
Falco peregrinus anatum
~femoralis septentrionalis
Melanerpes ertyhrocephalus caurinis
Passer ina versicolor
Ammodramus bairdii
Calcar ius mccownii

Chrysemys concinna texana
Sceloporus graciosus arenicolous
Natrix erythrogaster transversa

Thamnophis proximus diabolicus

Hylactophryne augusti latrans
Acris crepitans blanchardi

Statusb

NM II

NM·II
FE, NM II
FE, NM I
NMI
NM II
NM II
NM II
NM II

NM II
NM II
NM II

NM II

NM II
NM II

aInformation on status and distribution from Hubbard et al. (1978).
bKey : FE = on the Federal list of endangered species; NM I = New Mexico

endangered Group I; NM II = New Mexico endangered Group II •
. cObserved in site vicinity during project field studies.

One mammal, eight bird, four reptile, and two amphibian species listed as
endangered by the State of New Mexico may occur in the site region (Hubbard
et al., 1978).

Nelson's pocket mouse is known from a single specimen collected 4 miles
west of White City in western Eddy County (Webb, 1954). It is highly unlikely
that the species inhabits the study area.

Three of the eight endangered bird species (Mississippi kite, bald eagle,
and peregrine falcon) usually forage and nest near water and would not be ex­
pected to inhabit the study area. In New Mexico the red-headed woodpecker is
strictly associated with planted groves of trees and lower-elevation riparian
woodland (Hubbard et al., 1978). These habitats do not occur on, or in the
vicinity of, the site. The four remaining species (Aplomado falcon, varied
bunting, Baird's spar-row, and McCown's longspur) occupy habitats similar to
those on and near the site and could occur there. In New Mexico the Aplomado
falcon is typically found in areas'with yucca grasslands and associated shrubby
habitats at lower elevations. Baird's sparrow and McCown's longspur are grass-
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land species. There is a recorded sighting of a single Baird's sparrow in the
vicinity of the site on October 19, 1975.

Three of the four endangered rePtiles inhabiting the site region (Texas
slider turtle, blotched plain-bellied water snake, and Pecos western ribbon
snake) are associated with aquatic environments and are not likely to be found
in the study area. The fourth species, sand dune sagebrush lizard, occurs
only on or near active sand dunes. suitable habitat is available in the study
area.

Both amphibian species listed as endangered in New Mexico are common else­
where in their ranges. Blanchard's cricket frog inhabits moist terrestrial
habitats associated with permanent water, like those along the Pecos River.
The Eastern barking frog is associated with rocky ledge~ (usually limestone)
and might inhabit the area along Livingston Ridge northwest of the site.

H.5.4.2 Aquatic species

Fish

A number of fish species in the Pecos River basin are considered to be
threatened or endangered (Table H-65) because of their highly restricted
distributions and dependence on unique habitats. Two categories of endangered
species are recognized by the State of New Mexico: Group I includes those
whose prospects of survival or recruitment in the state are in jeopardy; Group
II includes species whose prospects of survival or recruitment in the State
may be jeopardized in the foreseeable future. Nine species are known to occur
in the region (or to have been extirpated within historical times).

The species in Group I include the blue sucker, the gray redhorse, the
silverband shiner, and the Pecos shiner (bluntnose shiner). The blue sucker
is known in New Mexico only from the lower Pecos drainage. Recent records of
the blue sucker and the gray reqhorse are from the Black River and the Pecos
River south of Lake McMillan (Hubbard et al., 1978). -The Pecos shiner occurs
only in the Pecos River of New Mexico. Sublette (1975) collected two
specimens of this species from Chaves County, and in 1977 considerable numbers
were found below McMillan Darn in Eddy County (Hubbard et al., 1978). Hubbard
et ale (1978) stress that reduced flows of the Pecos River have contributed to
its reduction.

Four fish species belong to the New Mexico Group II of endangered species.
(Table H-65). Of these, the Pecos gambusiais perhaps the most widely pub­
licized because of its Federal status as ,an ~ndangered species (FWS, 1977).
It occurs in seven isolated populations in the. Bitter Lake~ National Wildlife
Refuge northeast of Roswell and ina 2-mile portion of: Blue Spring (Bednarz,
1975).

Aquatic invertebrates

The only aquatic invertebrate presently listed in either group, the
Socorro isopod (Exosphaeroma thermophilum), does;not occur in the two-county
region.
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Table H-65. Endangered Fish in the Region of the Sitea

Conunon name

Blue sucker
Gray redhorse
Silverband shiner
Bluntnose shiner

Mexican tetra
Greenthroat darter
Pecos gambusia
Bigscale logperch

Scientific name

Cycleptus.elongatus
Moxostoma congestum
Notropis shumardi
N. simus

Astyanax mexicanus
Etheostoma lepidum
Gambusia nobilis
Percina macrolepida

Statusb

NMI
NMI
NMI
NMI

NM II
NMII
FEC, NM II
NM II

.,

aInformation from Hubbard et ale (1978) and F. H. Olson, New Mexico
Department of Game and Fish (private conununications).
~ I = fish species whose prospects of survival or recruitment in New

Mexico are in jeopardy: NM II = species whose prospects of survival or
recruitment in New Mexico may be jeopardized in the foreseeable future.

cFE = species on the Federal list of endangered species (Federal Regis-
ter, Vol. 42, pp. 36420-31, 1977). .

H.5.5 Preexisting Environmental Stresses

Several natural and man-induced factors stress the terrestrial and aquatic,
ecosystems throughout the region.

Vegetation often undergoes water stress because of the variable and gen­
erally low rainfall in the area. In addition, the sandy soils in the site
vicinity retain little water and are susceptible to wind erosion if vegetative
cover is removed. The active dunes in the study area are probably a result of
loss of cover due to overgrazing in the past near the James Ranch wells.

The great quantity of salt naturally occurring in the area is also a major
ecological stress in the region. Surface water and groundwater are often
salty. A lack of nearby good-quality watering areas is an important limiting
factor for many of the wildlife species in the area. Adding to the natural
salt loads are the brine effluent and dust (primarily potassium chloride,
langbeinite, and potassium sulfate) from potash refineries. The potash in­
dustry uses approximately 12, 000 acre-feet of fresh water annually and dis­
charges approximately 10,000 acre-feet as brine. This waste conunonly goes
into tailings ponds from which some brine seeps into the ground. Estimated at
about 200 million tons in 1976 and increasing at 14 million tons annually,
these tailings consist principally of sodium chloride. Small quantities of
these tailings are also airborne: however, the amount airborne is small com­
pared to the 55 tons per day of dust emitted by the potash refineries' in the
site region.

Vegetation has been severely affected by the potash-mining operations,
with a reduction or elimination of vegetation around potash plants, tailings
piles, and tailings ponds. The soil under the tailings piles and brine­
disposal areas is essentially sterile. The distance from the potash refinery
to areas where salt no longer visibly affects vegetation varies, depending on
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such factors as the level of emission, prevailing wind direction, terrain, and
soil types. The zone of effect ranges from no effect beyond the refinery site
to effects observable nearly a mile away. At some refineries, all native
vegetation within 0.25 mile has been killed. Beyond 0.25 mile, the salt­
intolerant species (e.g., greythorn,· aUthorn, mesquite, and catclaw) have
been defoliated, while salt-tolerant species such as saltbush appear to be
growing well. These vegetational modifications in the area have, in turn,
modified the wildlife habitat (BLM, 1975).

The most severe ecological stresses identified within the study area are
heavy grazing by livestock and the limiting water supply. Historically many
rangelands in the region have-been subject to overgrazing and mismanagement
ever since livestock were introduced into the area in the late l800s (BLM,
1977: Humphrey, 1958). It has been estimated that overuse by livestock coupled
with fire prevention has resulted in increased shrub densities. These factors,
together with insect depredations and drought, have reduced forage production
in the region to about half its potential (SCS, 1975). Persistent heavy graz­
ing by livestock affects floristic composition and cover and thus influences
available wildlife forage throughout the area. In addition, livestock can com­
pete with herbivorous wildlife spec.ies such as deer, rodents, and granivorous
birds for grasses, forbs, and palatable browse. However, direct competition
is probably less important than changes in species composition that result
from livestock mismanagement.

The construction of roads and the use of off-road vehicles has also af­
fected the native vegetation and wildlife. Indiscriminate off-road use of
vehicles has led to significant animal disturbance, vegetation damage, and
soil erosion (BLM, 1977).

H-14l



H.6 BACKGROUND RADIATION

This section discusses the existing background-radiation levels, presents ...
the data currently available, and discusses additional information that will
be obtained.

The major components of the external background radiation at any location
are (a) cosmic rays, (b) terrestrial radiation sources like potassium-40 and
the decay products of the uranium and thorium series in the earth's crust, and
(c) global fallout from nuclear tests in the atmosphere. The background­
radiation level can vary between geographical locations by more than twofold.
At a specific location, it can also vary, to a lesser extent, over time and
with weather conditions. Therefore, the natural variability of background­
radi~tion levels at the site must be well documented to determine any facility
contribution above this ambient level.

Some preliminary measurements of background radiation were begun at the
WIPP site eariy in 1976, in conjunction with the on-site meteorological pro­
gram. Direct measurements have been made with a Reuter-Stokes pressurized
ionization chamber, and a number of thermoluminescent dosimeters (TLDs) have
been emplaced in the area (Figure H-25). Sampling to determine the average
gross beta-particle concentration in air has also begun. The results of these
measurements are summarized in Tables H-66, H-67, and H-68; some have been
discussed in a separate report (Metcalf and Brewer, 1977). Additional data
will be required to permit accurate comparison of preoperational and op­
erational dose contributions at specific locations or by specific pathways.

From data published by the National Council on Radiation Protection and
Measurements (NCRP, 1975), the annual external whole-body exposure rates at
the site from cosmic rays, terrestrial sources, and global fallout are es­
timated to be 37, 26, and 1 millirad, respectively, for a total of 64 milli­
rads (or 64 millirem if a quality factor of 1 is assumed). These data were
partly based on a flyover of an area that now includes the site. The aerial
survey was part of the Aerial Radiological Measurement Surveys (ARMS), con­
ducted for the U.S. Atomic Energy Commission during the period 1958 to 1963.
A second aerial survey of the site area was made in September 1977 under the
Aerial Measuriqg Systems Program, the successor to the ARMS program (Jobst,
1977). The second flyover was made both to verify the data collected by the
first aerial survey and to locate any areas of abnormally high radiation
levels (hot spots). The second survey covered only a small portion of the
WIPP site, and no hot spots were located. The data tend to conf~rm the data
taken on the surface with thermoluminescent dosimeters and the Reuter-Stokes
instrument.

The data published by the NCRP (1975) and the latest flyover data can be
compared with the background-radiation data presented in Tables H-66 and H-67,
which were collected with ground-based monitoring equipment. For example, be­
tween August 22 and December 31, 1977, the average dose rate measured in the
area with the Reuter-Stokes pressurized ionization chamber was 7.9 micro­
roentgens per hour (approximately 69 milliroentgens per year), with a maximum
of 14.8 microroentgens per hour and a minimum of 5.8 microroentgens per hour
(Table H-66).
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Figure H-25. Locations of thermoluminescent dO,simeters
in the site area.

~aturally occurring sources of radiation (e.g., potassium-40) are present
in the human body and contribute an internal component to the total background­
radiation dose. Thus, if an internal annual whole-body dose of 25 millirem
(EPA, 1977) is added to the 64-millirem external dose; the estimated
background-radiation whole-body dose at the site is approximately 90 millirem.
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The,average dose rate comp~re9 favorably with the NCRP data. The dose
rates measured by thethermoluminescent dosimeters. (Table H::'67) indicate a
somewhat higher background-radiation level, but no' signIficant differences are
noted. Background-radiati6n'levels <at the WIPPsite are expected-to be sim­
ilar to, or lower than, those>iri','other parts of 'the Mountl:lin States--lower
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especially than the levels at higher 'elevations, where' cosmic-ray doses are
greater. -



Table H-66. Background Radiation Measured in 1977 at the WIPP Site
with a Reuter-Stokes Pressurized Ionization Chambera

Exposure period Radiation exposure {JLR/hr}
Begin End Average Maximum Minimum

8/22 8/28 7.83 9.30 6.82
8/29 9/4 7.74 10.27 6.52
9/5 9/11 7.78 9.73 6.30
9/12 9/18 7.83 9.66 6.36
9/19 9/25 7.77 9.57 6.33
9/26 10/2 7.88 9.64 6.69

10/3 10/9 7.99 11. 58 6.84
10/10 10/16 7.81 9.02 6.52
10/17 10/23 8.04 11.30 6.54
10/24 10/30 7.93 10.24 6.86
10/31 11/6 7.89 10.71 5.98
11/7 11/13 7.97 11.45 5.94
11/14 11/20 8.01 12.12 5.79
11/21 11/27 8.00 12.29 6.12
11/28 12/4 8.04 12.39 6.28
12/5 12/11 8.14 14.18 6.68
12/12 12/18 .8.06 12.95 6.65
12/19 12/25 7.99 14.80 6.47
12/26 12/31 8.11 10.78 6.58

Yearly average 7.94b 11.16 6.44

aData for 1978 and 1979 have not yet been reduced.
bA similar average measurement in Albuquerque showed an exposure rate of

about 15 microroentgens per hour, which illustrates the types of spatial var­
iation that can be expected in the Mountain States, where elevations vary
greatly.

In December 1961 a nuclear device was detonated at the Project Gnome site,
9 miles south-southwest of the WIPP site. Radioactive material vented during
the explosion as well as various activities after the detonation contaminated
nearby ground surfaces. sampling programs conducted by the EPA have shown that
there would be no significant radiological hazard to man from ingesting the .
meat of resident wild animals that were possibly affected by the Gnome event.
The plume of vented material went to the northwest from the Gnome site; there­
fore the contribution of the Gnome event to the background-radiation levels at
the WIPP site is negligible.
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Table H-67. Thermoluminescent-Dosimeter Data Collected in
the Area of the WIPP Site in 1977-1979

pirst quarter Second quarter Third quarter Fourth quarter
Location !DR I.lRlhr !DR ~R/br mR IJR/br !DR l.lR/br

1977

Sandia office, 28.It3 • 7 12.7.:!:.1.6 2S.1.:!:.2.3 10.8.:!:.1.0 24.4.:!:.4.4 12.6.:!:.2.3 22.0.:!:.3.1 9.8.:!:.1.4
Carlsbad

MeteorolQ9ical 18.6.:!:.3.9 9.6.:!:.2.0 19.0.:!:.2.7 8. 4.:!:.1. 2
station

Old Badger drill 24.4.:!:.4.2 11.0.:!:.1.9 19.7.:!:.2.4 8.S.:!:.1.0 22.8.:!:.3.7 1l.7.:!:.1.9 19.0.:!:.3.1 8.4.:!:.1.4
site

ERDA-6 2S.7.:!:.3.6 11. 6.:!:.1. 6 19.9.:!:.2.6 8.S.:!:.1.1 21. 3.:!:.3. 8 11.0.:!:.2.0 21. St 3 • 3 9.5.:!:.1.5

AEC-7 24.9.:!:.3.7 1l.3.:!:.1.7 22.5.:!:.2.8 9.7.:!:.1.2 21.4.:!:.3.6 11. 0.:!:.1. 9 19. 7.:!:.3.° 8. 7.:!:.1. 3

AEC-8 24. 4.:!:.4. 1 1l.0.:!:.1.9 20.1.:!:.2.4 8.6.:!:.1.0 18.0.:!:.3.2 9.3.:!:.1.6 16.7.:!:.3.1 7.4.:!:.1.4

EllDA-9 26.8.:!:.3.6 12.1.:!:.1.6 19.2.:!:.2.3 8.2.:!:.1.0 17.0.:!:.3.8 8.7.:!:.2.0 17.7.:!:.2.8 7.8.:!:.1.2

1978

Sandia office, 21.5.:!:.3.8 9.1.:!:.1.6 20.0.:!:.1.S 9.1.:!:.0.7 19.5.:!:.2.7 9.0.:!:.1.3 21. S.:!:.2.S 11.3.:!:.1.3
CArlsbad

Meteorological 17.3.:!:.3.S 7.4.:!:.1.5 14.8.:!:.1.0 6.7.:!:.0.S 14.8.:!:.2.6 6. 9.:!:.1. 2 16.5+2.1 8. 7.:!:.1. 1
station

Old Badger 18.7.:!:.3.4 8.0.:!:.1.4 15. S.:!:.l. 3 7.0.:!:.0.6 16.0.:!:.2.3 7.4.:!:.1.1 17.0.:!:.2.0 9.0.:!:.1.1
drill site

ERDA-6 18.0.:!:.3.3 7.7.:!:.1.4 16.0.:!:.1.2 7.2tO. 5 16. 2.:!:.2. 2 7.5.:!:.1.0 16.S.:!:.2.1 8.7.:!:.1.1

AEC-7 20.0.:!:.3.4 8;S.:!:.1.4 17.3.:!:.1.2 7 .8.:!:.0. 5 17.1.:!:.2.2 7. 9.:!:.1.° 18.S.:!:.2.3 9.8.:!:.1.2

AEC-8 18.7.:!:.3.6 8.0.:!:.1.5 15.6.:!:.1.2 7. 1.:!:.0. 5 IS. 5.:!:.2. 3 7.2.:!:.1.1 17.0.:!:.2.0 9.0.:!:.1.1

ERDA-9 18.5.:!:.3.4 7.9.:!:.1.4 15. 0.:!:.1.° 6.8.:!:.0.5 15.0.:!:.2.0 6.9.:!:.0.9 16.S.:!:.2.2 8.7.:!:.1.2

WlPP-ll 18.2.:!:.3.4 7.7.:!:.1.4 15.0.:!:.1.1 6. 8.:!:.0. 5 14.8.:!:.2.0 6.9.:!:.0.9 16. S.:!:.2. 5 8.7.:!:.!.3

1979

Meteorological 14.8.:!:.2.3 6.0+0.9 lS.2.:!:.1.5 6 .8.:!:.0. 7
station

Old Badger 16.2.:!:.1.S 7 .3.:!:.0. 7
drill site

ERDA-6 lS.6.:!:.2.S 6. 3.:!:.1.° 14.4.:!:.1.S 6. 5.:!:.0. 7

AEC-7 IS. 6.:!:.1. 5 7 .O.:!:.O. 7

AEC-8 15.5.:!:.2.4 6. 3.:!:.1.° 16.9.:!:.1.5 7 .6.:!:.0. 7

ERDA-9 16.9.:!:.2.7 6. 8.:!:.1. 1 14.3.:!:.1.S 6 .4.:!:.0. 7

WlPP-ll 15.2.:!:.2.4 6.1.:!:.1.0 14 .1.:!:.1. S 6.3.:!:.0.7

NOTES

1. The dates of collection for 1977 are 38 follows: first quarter, January 10 to April 12; second
quarter, Apr 11 12 to July 18, third quarter, July 18 to OCtober " fourth quarter, October 7 to
January 9, 1978. The dates for 1978 are as follows I first quarter, January 9 to April 11, second
quarter, April 17 to JUly 18, third quarter, JUly 18'to OCtober 16, fourth' quarter, OCtober 16 to
January 3, 1979. The first quarter in 1979 was January 3 to April 16, the second quarter, April
16 to July 18.

2. The reported precision of each measurement inclUdes a statistical propagation of errOrs resulting
from calibration,procedures, the correction for dosimeter 'response during transit a~ storage,
and variations in the TLD" response .of the ftve chips at each measurement location. .

3. The differences between the TLD and ion-chamber data are probably due to. differences in the wall
thicknesses of the two systems (240 mg/cm2 for TLDs and approximately 2400. mg/cm2 . for the .ion
chamber) •

• I
4. Var iations in TLD data from quarter to quarter are' probably due to the method of field installa­

tion of the TLD package. The dosimeters are exposed in a hollow pipe capped on the end that is
above the ground. This pipe may act as a reservoir for radon and thoron emanations, increasing
the local radiatiOn field around the dosimeter' PAckage. This effect would be more apparent in
the dry climste of the WlPP area, which has periods of precipitation alternating with dry periods.

s. The effects mentioned in notes 3 and 4 will be studied further in the 1979 calendar year.

6. Preliminary data for calendar year 1979 indicate that earlier TLD results are probably biased
high, perhaps by 10 to 20'. This is especially true for quarters in which rainfall or snow cover
was present in the WIPP area. The TLD results obtained after modifying the method of field in­
stallation show better agreement with the Reuter-Stokes data.
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H-146

,alncrease because of nuclear explosions in the atmosphere conducted by
the people's Republic of China on September 26 and November 17, 1976.

bThe People's Republic of China conducted a nuclear test in the atmo­
sphere on September 17, 1977.

cThe People's Republic of China conducted a nuclear test in the atmo­
sphere on March 14, 1978.

;;. :'-il - •

Monthly Average Gross Beta Concentrat10ns in Air at the WIPP Site

0.019
0.017
0.427a
0.226a
0.075a

0.035
0.028
0.028
0.035
0.024
0.027

0.101
0.045
0.753b
0.111
0.075
0.072

Average gross beta
concentration

(pCi/m3)

July
August
September
October
November
December

Month

0.044
0.032
0.008

August
September
October

. November
December

July
August

. September
October
November
December

1977

1976

1978

1979

January
February
March

0.016
0.024
0.019
0.020
0.017
0.012

0.041
0.048
0.082
0.127
0.175
0.173

0.074
0.058
0.124c
0.137 c
0.083
0.056

Average gross beta
concentration

(pCi/m3 )Month

January
February
March
April
May
June

Table H-68.

February
March
April
May
June
July

January
February
March
April
May
June



H.7 NOISE BACKGROUND

~ The location of the site has been remote from human intrusion and thus
from man-induced noise. Measurements indicate background noise levels in
the range of 26 to 28 dBA. Noise sources were animals (birds, cattle),
wind, occasional traffic, aircraft, intermittent use of heavy equipment, and
(in the distance) potash-mine ventilation fans. The movement of drilling
machinery to and from the site has led to the construction, of a number of
unimproved ~oads. The occasional use of these roads introduces a new, but
minor, noise source to the area.
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H.8 THE FUTURE OF THE SITE

H.8.l Climatic Changes

Future climate changes cannot be predicted with great certainty at this
time because of the complexity of atmospheric-oceanic-extraterrestrial inter­
actions (Mitchell, 1968), complicated by the impacts of human activities.
Although climatic experts have varying opinions, there appears to be a con­
sensus (National Defense University, 1978) that there will not be a cata­
strophic climatic change during the next couple of decades. The long-term
(thousands of years) natural trend is for another ice age (Keeling and
Bacastow, 1977; Mitchell, 1978). However, man's impact on the climate could
'counterbalance this trend or result in a warming trend, possibly a global
warming of 4.5 to l30 F or more, with greater aridity in the Western United
States starting in the next century (Kukla and Matthews, 1972; Norwine,
1977). The possible climatic variability in the next 10,000 to 20,000 years
"in the site region, even allowing for man's influence, is similar to that
experienced during the latter portion of the Pleistocene and the Holocene, as
described in Section H.4.6. The climate of New Mexico may range from that
associated with glaciers to the north (about 60% to 70% more rainfall than at
present and summer temperatures about 20 0 F lower than at present) to that
associated with interglacial periods (global temperatures about 3°F warmer
and greater aridity in the Southwest than at present).

If continental glaciation returns, there is no possibility that the site
itself will be glaciated, judging from the Pleistocene record; the increased
rainfall, however, will increase the amount of water in the Pecos River, will
increase the amount of vegetation in the region, and will cause the composi­
tion of the vegetation to shift toward prairie grasslands. If, on the other
hand, man's influence causes a global warming, flow in the Pecos will decrease,
the region will shift toward the flora of the Chihuahuan desert, and wind­
driven processes will increase.

H.8.2 Demographic Changes

The population of the area is expected to change very little in the next
few decades. It will grow slowly. The number of workers at nearby mines and
at oil and gas wells. in the area is not expected to change significantly. A
rarich house will probably be built about 8 miles west-southwest of the site.
A small trailer park is being built on private land along U.S. Highway 62-180
east of the intersection with N.M. Highway 360.

Population changes beyond the next few decades cannot be predicted in any
detail. However, the return of glaciation would probably result in an in­
crease in population and in intensity of land use as the mass of the human
population is forced to move south. A global warming would be expected to
induce little, if any, change in population.
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H.8.3 Land-Use Changes

There is very little private land within 30 miles of the WIPP site. Most
of the land is owned by the State or.by the Federal Government. The dominant
use of the land in and near the site is grazing, at levels of six to eight
animals per square mile. There are also many active oil and gas wells. The
only agricultural land within 30 miles is along the Pecos River near Carlsbad
and Loving. with or without the WIPP, this pattern of land use is expected to
change little in the near future.

Beyond the next few decades, the return of glaciation and the accompanying
increase in rainfall would probably mean an increase in land use, perhaps in­
cluding a shift from grazing to dry-land farming. A global warming would be
expected to make little change in land use.

H.8.4 Geologic Changes

The last major tectonic activity at the WIPP ~ite, the subsidence of the
Delaware basin, ended in the Permian Period, about 225 million years ago.
Evidence of lesser tectonic activity since then has been superimposed on the
basin. Igneous activity in the vicinity of the site (9 miles northwest at the
·closest) is restricted to a dike or a series of dikes dated as being about
35 million years old. A gentle eastward tilting of the basin (10 ) that has
occurred is broadly estimated as mid-Tertiary in age. This tilt may be con­
temporaneous with the initial, formation of the west Texas salt-flat graben
70 miles to the southwest~ the salt-flat graben is the closest structure to
the site exhibiting geologic evidence of Quaternary or Recent tectonic ac­
tivity. The tilting of the basin has also been postulated as a cause of defor­
mation within the evaporite beds. Furthermore, the deposition of the Late
Miocene-Pliocene Ogallala Formation indicates tectonic activity along the
western margin of the Guadalupe-Sacramento Mountains 65 miles to the west.
Thus the post-Permian tectonic'history shows some gentle, broad effects of
some tilting~ intermittent periods of erosion indicate some relative uplift.
Nearby recent tectonic changes ,are restricted to the salt-flat graben-Diablo
Plateau area southwest of the site. The prognosis for the reasonably near
geologic future is that the site may experience some erosion because of the
slight relative uplift and that the salt-flat graben will be a source of earth­
quakes resulting in minor ground motion at the site.

Erosion and deposition as well as salt dissolution and collapse are res­
ponsible for many of the landforms at the site and in the region. In the past
these processes and the resulting features have been significantly affected by
changes in climate. Although there hav~ been many small climatic cycles, past
worldwide glacial-ice advances and interglacial periods have been alternating
in 100,000-year cycles (Norwine, 1977). As indicated in Section H.4.6, the
stage of the glacial-interglacial period cycle has a great effect on the clim­
ate of the Delaware basin. During interglacial times, the' site has been warm
and dry, while during glacial periods, the. climate has been cooler and more
humid. If, as Norwine (1977) suggests, the worldwide climate continues to
move along 100,000-year cycles, two glacial periods and two interglacial per­
iods are ppssible during the next 250,000 years.

H-149



Bachman (in preparation) infers, however, from the presence of Mescalero
caliche at the site that the climate must have been semiarid since the forma­
tion of the caliche beginning about 500,000 years ago. The presence of this
caliche is reasonable evidence that the average annual precipitation did not
exceed 25 to 30 inches over any extended period during the last half million
years.

It has been suggested that time and erosion could remove "evidence of a
repository's existence, thereby increasing the potential violation of the site
by drilling and mining." ,Burial by wind-blown sand might also conceal surface
evidence of a repository.

Surface and near-surface processes can be used to some degree to estimate
future erosion and deposition at the site. For the last million years, erosion
at the site has exceeded deposition; however, the thickness of the resistant
caliche cover at the site indicates that there has been no significant erosion
since its formation 500,000 years ago. This layer will resist erosion while
climatic conditions at the site are semiarid. If the site becomes more humid,
water runoff will drain toward and along Nash Draw and San Simon Swale, in­
creasing headward erosion in these areas. Since the site is adjacent to a low
divide between these two features and has a very poorly developed drainage, it
will not be significantly affected by fluvial erosion. Active and stabilized
dunes in the area of the site mean that wind erosion can be expected to produce
blowouts and dunes in the near future, though wind-induced features will be
minor and local.

The process of salt dissolution and collapse can be expected to continue.
The solution front at the Rustler-Salado interface will move over the site.
From Bachman and Johnson's (1973) estimate of dissolution rates, it can be
calculated that surface subsidence resulting from the dissolution of the top
of the Salado will lower the land surface by about 125 feet over the next
250,000 years. (Bachman (in preparation) indicates that these rates are con­
servatively high because the dissolution that preceded Ogallala time was not
taken into account in these estimates.) Related collapse features (sink
holes, sOlution troughs, downwarps, fractured strata, and breccias) can be
expected to form in future subsidence areas.
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Table l. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabili ties Combined, June 1977

o HEeT ION
SP EED , I1P S t ~NE NE ENE £ ESE S[ SSE S ssw SW WSW if WNW Nl:I NNW ~ fOTAL

0.3- 1 ... 1 0 2 2 11 &. 2 1 2 3 a 1 1 2 2 2 38
flt 0.3 0.0 0'.6 O.b 3.2 1.7 0.6 0.3 0.& 0.9 0.0 0.3 0.3 0.& O.b O.b 11 .0
, 2t 0.3 0.0 0.6" 0).6 3.2 1 • 7 0.6 0.3 0.6 0.9 0.0 0.3 0.3 0.6 0.6 0.6 11 .0

1 .5- 3.0 1 J 3 ,., 5 2'1 27 1 l 6 b 9 2 .. 2 2 S a 130
, (1 t 2.9 0~9 1.1 1 ... 8 ... 7.8 3.5 2.3 1 .7 2.6 0.0. 1.2 0.6 0.0. 1 ... 0.0 37.7

C2 t 2.Q 0.9 1 .1 1." 8 ... 7.8 3.5 2.3 1 .7 2.6 0.6 1.2 0.6 O.b I. '+ 0.1) 37.7

3 .1- 5.0 3 .. .. Ii 9 35 211 1 .. ~ S 1 1 a I 0 1 11S
fI' 0.9 1~2 1.2 1.2 2.b 10.1 7.0 II .1 2.6 1.11 0.3 0.3 0.0 0.3 0.0 0.3 33.3
I 2 t 0.9 1.2 1.2 1 .2 2.6 10.1 7.0 11.1 2.f> 1.11 0.3 0.3 0.0 0.3 0.0 0.3 J3 .3

VJ
S .1- 8.0' ' 1 1 1 3 2 23 1 II 2 1 a 0 3 0 a 1 0 "9

( It ' G.3 il.3 0.3 0.9 0.6 6.7 ... 1 0.0. 0.3 J.O 0.0 0.0 0.0 0.0 0.3 0.0 1... 2
C2t 0.3 0.3 D.:! '.l.0 0.6 6.7 ".1 'J.b 0.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1" .2

8.1'-10." 'J 1 J 1 a .. J 0 II a 0 J I a a 0 10
flt 0.0 0.3 0.0 1.3 J.O 1 .2 0.9 0.0 0.0 Q.o 0.0 o.c 0.3 0.0 0.0 0.0 2.9
I 2 t ' 0.0 J.3 0.0 003 1.u 1.2 0.9 J.o (J .0 'l.o 000 0.0 0.3 0.0 0.0 0.0 2.9

0\1 ER 10." 0 a a 0 J 0 2 0 a a 0 0 0 a I a 3
(It e.o 0.0 0.0 0.0 0.') 0.0 O.b 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.9
( 2 t G.ll D.a 0.0 ~,. ~ 0.0 D.O (J.b 0.0 0.0 i).0 0.1) 0.0 0.1) 0.0 0.3 0.0 0.9

AlL SP EEO S 15 ? 13 15 S1 9c. 51 25 18 17 3 (, If 5 9 3 31fS
In If.3 2.& 3.8 If .3 1 11.8 27.5 1 &.5 1.2 5.2 II .9 0.9 1.1 1.2 1 ... 2.b 0.9 100.0
( 2 t ... 3 2.b j • B ... 3 III .8 27.5 1 b.5 7.2 5.2 If.9 0.9 1.7 1.2 1. ,. 2.& O~9 100.0

11 J =PERC£NT OF' ALL GOllO OB S fOR TH IS P ~GC

, 2 t =P ER CEN T Of ALL 6000 00 S FOR THE ?ERIOO

3 .. 5 GOOD, HQ S o HKS I 0.0 pen L !::SS TH AN 0.3 HP S 720 H ~ S I.~ THE T I ME PER roo 47.9 peT DATA RECOVERY



Table 2. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, July 1977

D nECT ION
SPEED CliP ~ J NN E NE ENE E ESE SE SSE S S5. SW WSW W WNW NW NNW N TOTAL

0.3- I .4 'J a ~ I 10 26 2 2 1 ~ a 2 1 1 2 0 S4
(lJ 0.0 0.0 0.5 0.2 1 .6 ".1 0.3 0.3 0.2 0.5 0.0 0.3 0.2 0.2 0.3 0.0 8.&
( 2. 0.0 0.0 0.5 0.2 1.1> 4.1 0.3 0.3 0.2 0.5 0.0 0.3 0.2 0.2 0.3 0.0 8.6

1 .5- 3.oJ 2 3 2 4 27 79 17 5 1 7 3 3 1 2 4 1 172
CIJ 0.3 1.3 0.3 J.6 ,. .3 12.5 2.7 0.8 1 .1 1 .1 0.5 0.5 0.2 0.3 0.6 0.2 27.3
( 2J 0.3 1.3 0.3 O.b 4.3 12.5 2.7 0.8 1 .1 1 .1 0.5 0.5 0.2 0.3 0.6 0.2 27.3

3 .1- 5.0 :! 3 6 IG :n 100 53 2S 12 7 1 3 1 1 1 2 2&11
CI' 0.5 o.!> 1 .r: 1. (, 5.2 15.9 8.4 4.&1 1 .~ 1 .1 0.2 0.5 0.2 0.2 0.2 0.3 Ifl .9
( 2. 0.5 0.5 1 .1) 1 • (, 5.2 15.9 iI.4 &I .&1 1 .~ 1 .1 0.2 0.5 0.2 0.2 0.2 0.3 If I .9

5.1- 8.0 0 2 3 7 9 33 01 1 j ') a a 0 a 0 1 126
(lJ 0.0 0.3 0.5 1 .1 1 .4 5.2 9.7 1 .1 0.5 i).0 0.0 0.0 0.0 0.0 0.0 0.2 20.0
elJ 0.0 J.3 0.5 1 .1 1 ... 5.2 9.7 1 .1 o.s 0.0 0.0 0.0 0.0 0.0 0.0 0.2 20.0

8.1-10.4 0 1 a () 1 2 9 Cl J 0 a 0 0 0 0 0 13
(l' 0.1 J.2 O.Q o.J 0.2 0.3 1 • " D.O 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0 2.1
( ;.'. 0.0 0.2 0.0 i). J 1.2 '.).3 1 ." Q.G o.n G.o 0.0 0.0 O.il 0.0 0.0 0.0 2.1

OV ER 10 .If a a 0 0 J 1 0 a 0 0 0 a 0 a 0 0 1
( 1 J Q.O G.O 0.0 0.0 0.0 n.2 0.0 .l.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
( 2. 0.0 J.O 0.0 J.O G.J J.2 a.Q ~.J • (J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

AL l SP t.Ej)~ 5 14 14 22 f'J 2lfl 142 42 23 17 .. 8 .3 .. 7 &I 630
(l' 0.8 2.2 2.2 3.!> 12.7 38.3 22.5 b.7 3.1 2.7 0.6 1.3 0.5 0.6 1 .1 0.6 100.0
( 2. 0.8 2.2 2.2 3.5 12.7 38.3 22.5 b.7 3.1 2.7 0.6 1.3 0.5 0.6 1.1 0.6 100.0

11. =PERCENT OF ALL GOCD OR ~ FOR TH I:' PAGE.
(2. =PER~ENT OF ALL GOOD 08 S FOR THE p~RJOO

&30 GOOD HRS a H"S ( 'J.'J peT. l £SS U:AN 0.3 ."PS 1lf4 H~S IN THE TIME PER 100 8&1 .1 peT DATA RECOVERY



Table 3. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, August 1977

,,' • ~•• ';',i ..
o UECT IO~

SPEED ( t'lP.S J NNE . NE EN E E ESE SE SSE S SSW SW WSW W WN" NW NNW N TOTAL

0.3- 1.1f_ 1 2 2 1 5 13 4 1 1 0 2 7 2 1 2 1 If5-
n. 0.1 J.3 0.3 . 0.1 0.1 1 .9 0.6 0.1 0.1 a.o 0.3 1.0 0.3 0.1 0.3 0.1 6.6
( 2. 1).1 0.3 0.3 0.1 0.1 1.9 0.6 0.1 0.1 0.0 0.3 1.0 0.3 0.1 0.3 0.1 6.6

1 .5- 3.0 3 4 6 3 36 &9 11 13 16 3 5 6 2 3 10 6 202
. C11 o.If. O.b 0.9 D... 5.3 1 J.l 2.5 1.9 2.3 J,If 0.1 0.9 0.3 0.4 1.5 0.9 29.6
( 2) 0." J.o 0.9 0." 5.3 10.1 2.5 1 .9 2.5 0.4 0.7 0.9 0.3 0.4 1.5 0.9 29.6

3 .1- 5.0 -, 5 9 10 14 23 .83 42 21f 17 6 3 2 1 2 3 2 251
CII 0.7 1 .3.· 1 .'> 2.0 If .1 12.2 b.l 3.5 2.5 CI.~ 0.1f 0.3 0.1 0.3 0." 0.3 36.7
cz. .0.1 1 • ~ 1.5 2.0 ,~ .1 12.2 bel 3.5 Z .5 Q.~ 0.1t 0.3 0.1 0.3 0." 0.3 36.1

,,;' ,
-..I 5 .1- a. o· 2 2 12 7 11 33 bl) 26 2 2 a (] 2 0 0 1 160

flJ 0.3, 0.3.. 1 '. B 1 .0 1.b 4.8 8.8 3.8 0.3 0.3 0.0 0.0 0.3 0.0 0.0 0.1 23 ...
. ( 2J 0~3 J~3 1.8 1.0 1.6 1f.8 8.3 3.8 0.3 0.3 a.o 0.0 0.3 0.0 0.0 0.1 23.1f

R.I-10.1f.. a 1· E> 4 3 1 .. 1 a 0 a 0 0 a 0 0 20
.., ..... - Cl ;; a.a J .1 0.9· :J.b a.lf Qd J.e. Jd 0.0 o.Q. 0.0 0.0 0.0 0.0 0.0 0.0 2.9

12. 0.0 Jol. 0.9 J.b 'J ... 0.1 J.b 0.1 0.0 0.0 0.0 a.o 0.0 0.0 0.0 o.a 2.9

OV [P- I 0.4; a .. [) 2 2 1 0 0 0 Q 0 a [} 0 a 0 a 5
111 0.0. 0.0 0.3 J.3 0.1 Q.O 0.0 J.o 0.3 J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.7
C2) 0.0 0.0 .o.~ 'l.3 ') .1 0.0 0.0 J.a 0.0 J.o J.o 0.0 0.0 0.0 0.0 J.O 0.7

; ."
l' aAll SPHDS 11 18 38 31 e4 19 9., 127 '.>5 3b 11 15 1 6 IS' 10 683

III 1 • b .2.6 5.6 4.5 12.3 29.1 1. &. b 9.5 5.3 1.6 1.5 2.2 1 .0 :).9 2.2 1.5 100.0
. 1.2 t " ) .• 6 .. 2.b 5.6 4.!> ) 2..s 29.1 18.6 .9.5 5.3 1.6 1 .5 2.2 1.0 0.9 2.2 1.5 100.0

II) =PERCENT OF . All GOOD OR.S .F OR TH IS P t\G~

I <' • =P FfH ':N T OF ·All G ()(;O 01' S fOR T'1 i: P ': R I OU

b83 GOaD H~S J HII~ 'J.'J peT I l [5S TH AN G.3 M?S 7'14 h~S 1r-4 TH E nME Pi:R 100 91 .8 peT o AT A R E cov ER Y



Table 4. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, September 1977

o IQECT 10~

SP EED • HPS) NN f tolE EloI[ E ESE SE SSE S SSW sw wsw W WNW N'" NNW III fOTAL

C .3- 1.4 2 7 1 1 25 21 1 8 i 5 2 5 2 If 5 2 108
(l) 0.3 1.0 1 .0 Qd 3.S 2.9 1.0 1 .1 0.7 0.1 0.3 0.1 0.3 0.6 0.1 0.3 15.1
I 2) 0.3 1 • a 1 .0 lJ .1 3.S 2.9 1.0 1 .1 0.7 0.1 0.3 0.1 0.3 0.6 0'.1 0.3 15 ~1

1 .5- 3.0 11 16 13 6 25 30 21 13 15 19 11 17 /f 9 12 8 230
I 1 ) 1.5 2.2 1 .8 0.8 3.5 11.2 2.9 1 .8 2.1 l.7 1.5 2." 0.6 1.3 1.1 1.1 32.1
I 2) 1.5 2.2 1.8 J.8 3.:> ".2 2.9 1.8 2.1 2.1 1.5 2.11 0.6 1.3 1 .1 1.1 3Z.2

3.1- 5.0 12 23 15 9 a 33 lf3 23 11 3 5 1 If 10 11 13 11 250
(1) 1.1 3.2 2.1 1 .3 1 .1 ".6 6.0 ' 3 .2 2.4 J.4 0.7 2.0 1./f I.S 1.8 1.5 35.0
(2J 1.7 3.2 2.1 1.3 1 .1 4.6 6.0 3.2 2.4 a... 0.7 2.e 1.11 1 .5 1.8 1.5 35.0

5 .1- d.O 2 4 g t. 1 12 27 9 8 :; I;) 7 2 1 3 5 109
elJ 0.3 J.6 1 .1 0.7 0.1 1 .7 3.8 1 .3 1.1 0.7 1.1l 1.Ci 0.3 0.1 0.11 0.7 15.2
I 2) rio 3 J.u 1 .1 J.l 0.1 1 .1 .5 .8 1.3 1 .1 0.7 1 • II 1.0 0.3 J .1 0.1f 0.1 15.2

B.I-lD." 0 a 0 3 J 1 3 Q a a 4 .. a 0 a 1 16
el) 0.0 J.D 0.0 0.'1 D.O 0.1 C/.'1 0.0 0.0 0.0 0.6 0.6 0.0 :J.o 0.0 0.1 2.2
( ?J o.a 0.0 0.1) 0.'1 o.J 0.1 U.'1 J.O 0.0 0.0 J.6 0.6 0.0 0.0 0.0 0.1 2.2

OV £R 1J.'1 i) .) \) LJ J 3 J 0 U 0 0 0 a a 0 0 a
(1) 0.0 LI.O 0.0 J.u Cl.D O.iJ 0.0 Q.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(n 0.0 (J.O 0.0 J.o J.D 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.') 0.0 0.0 0.0 0.0

ALL ~£EO~ 27 sn '13 ;:''1 59 97 101 53 45 32 32 4.1 18 25 33 27 113
( 1) 3.8 7.0 6.0 3. 'I !:.3 13.6 1 '1.1 1.~ b .3 '1.5 II .5 6.6 2.5 3.5 /f.6 3.8 99.7
I 2) 3.13 1.0 6.0 3.'1 3.3 13.1> 1 'I • ) 1.'1 b.1 '1.5 If .5 6.6 2.5 3.5 ".6 3.8 99.7

( 1 ) =P ERCEN T OF ~Ll GOOD Of S FOR Ttl IS PAGE
(zt=P[KCEtH OF ALL Goon OR 5 FOR TH to: PERIJU

115 GuOO HRS 2 HRS t. 0.3 PCT) L ;:SS THAN [j .3 !'1PS 120 HH l~ THE TI"[ PERIOD 99.3 PCT DATA RECOVERY



Table 5. Distribution of-Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, OCtober 1977

DIUCTIO~

sPEfD &KP'S J NNE NE [NE E ES~ SE SSE: S ~Slo/ Sill wsw ill WNW Nil NNW N TOT At

0.3- 1.4' 3 4 It ~ 34 2b b 3 In 2 If 7 7 3 3 & 127
&1) _ 0.4 O.b O.b 0.7 1t.7 3.b J.B G.1t 1 .If 0.3 0.& 1.0 1.0 0.1f 0.4 0.8 17.5
&21' c.1t O.b O.b 0.7 4.7 3.b J.B 0.4 1.4 0.3 0.& 1.0 I.!) 0.4 0.4 0.8 11.5

1 .5- 3.0 It 8 7 5 3,) 51 35 35 33 11 9 10 1 :) 5 12 It 269
(1) 0.6 1 .1 1 • J 0.7 4.1 7.0 4.8 1f.8 If .5 1 .5 1 .2 1 .If ] • II G.7 1.7 0.6 37.]
t 2 I C.6' 1.] 1 • 'J fl.7 4.1 7.0 '1.8 4.8 Ii .5 1 .5 ] .2 1.1t 1.4 0.7 1.7 0.6 37.1

3.1- 5.0 14 12 8 13 22 28 li4 40 8 7 5 It 5 2 3 6 221
11) 1 .9 1.7 ] .1 1.8 3.0 3.9 bol 5.5 1 .1 1.0 0.7 0.& 0.7 0.3 0.4 0.8 30.4
( 2) 1 .9 1.7 1 .1 1.3 3.0, 3.9 b .1 5.5 1 .1 1 .0 0.1 0.6 0.7 0.3 D.1f 0.8 30.4

~.•1- 8.Q 4 5 1 13 3 8 11> b 0 C 8 6 2 1 a 0 13
(1) 0.6 J.7 0.1 1. a 0.4 1 .1 2.2 J.1l C.J J.o ] .1 0.8 0.3 0.1 0.0 0.0 10.1
( 2. 0.6 J.7 0.1 ] .8 G.4 ] .1 2.2 0.8 O.D J.o ] .1 0.8 0.3 0.1 0.0 0.0 10.1

S .1-1 :J. 4' J 3 1 1 U 1 It J J 0 3 5 0 0 0 a 18
11. 0.0 J.II 0.1 001 'l.J J .1 0.6 J.O 0.0 J.O 0.4 0.7 0.0 0.0 0.0 0.0 2.5
( 2. J.o J.At 0.1 Dol J .') Dol D.E> :.0 0.0 [J.D 0.4 0.7 0.0 0.0 0.0 0.0 2.5

ov ER 1 J. 4 0 II 2 J II G J J ;) 0 0 2 a 0 0 a 8
III 0.0 J.6 C.3 0.0 O.J o.a 0.0 0.0 0.0: 0.0 0.0 0.3 0.0 0.0 0.0 0.0 1 .1
(2) J.O J.b 0.3 J.O J.o D.c; J.o ,). J n.o J.O 0.0 a.3 0.0 0.0 0.0 0.0 1 .1

All SP LEOS <:5 3& 23 37 B9 11 4 IuS glj 51 20 29 31f 24 11 18 16 716
III 3.11 5.0 3.2 501 12.3 15.7 1 " • S 11.b 7.0 2.9 It.o 1t.7 3.3 1.5 2.5 2.2 98.6
( 2 J J.lj :i.a ... ., 5.1 1'2.J 15.7 14.5 11 .& 7.0 2.9 4.0 1f.7 J .3 1.5 2.5 2.2 98.6J.,

11.=PERC£NT or ALL GOO['l nt' c; r OP TH 1S P 4Gt::
(2 I :::PERci::NT or ALL 6000 OB S FOR TH c: ;>EP 100

72& GOOD Hi?S 1 :J Hr.S I 1 • If pen u: ss iH AN 0.3 "'PS 7114 IHS IN TH E TIH£ PER 100 97.6 PCT oAT A RECOVERY



Table 6. Distribution of Wind Directions and Speeds at the WIPP
Site" All Stabilities Combined, November 1977

O,HEeT IO!'4
SPEED (HP 5) NNE N[ fNE E "ES[ S[ SSf S SSW SII WSW W liN II Nil NNW 'N ,TOTAL

0.3- 1.4 7 7 4 5 21 18 12 7 1 3 8 6 6 5 4 2 122
fll 1 .0 1.0 0.6 0.7 3.1 2.7 1.8 1.0 1.0 0.4 1 .2 0.9 0.9 0.7 0.6 0.3 18.2
( 2» I.U 1.0 0.6 ).1 3.1 2.1 1.8 1.0 1 .0 0.4 1.2 0.9 0.9 0.1 0.6 0.3 18.2

1 .5- 3.0 14 n 6 13 24 41 26 26 11 10 5 3 (, 7 10 21 2 .. 2
(1) 2.1 1 .q 0.9 1 .9 3.6 6.1 3.9 3.9 2.~ 1.5 0.7 0." 0.9 1.,0 1.5 3.1 36.1
( 2' 2.1 1 .9 0.9 1.9 3.6 6.1 3.9 3.9 2.i 1 .5 0.7 0.4 0.9 1.0 I.S 3.1 36';1

3.1- 5.0 16 12 1 1 20 6 2(, 27 2'1 11 12 9 10 9 .. 3 5 205
(1) 2.1+ 1 .8 1 .6 3.U 0.9 :5 .9 '1.0 3.6 1.6 1.8 1.3 1.5 1.3 (J.b 0." 0.7 30.6
( 2) 2.4 1.8 1.6 3.0 0.9 3.9 4.0 3.6 1 .6 1.8 1.3 1.5 1.3 0.6 0.4 0.7 30.6

I-' 5.1- 8.0 7 3 7 5 U 2 4 1 2 6 3 6 2 1 7 7 630
(1) 1. a 0.'1 1 .0 J.7 0.0 0.3 0.'> 0.1 0.3 iJ.;J 0.4 0.9 0.3 0.1 1.0 1.0 9.4
( 2' 1. a 0.1+ 1.0 0.1 O.J 0.3 0.6 0.1 0.3 0.9 0." 0.9 0.3 i).1 1.0 1.0 9.4

8.1-lU.'1 a 0 5 2 J 0 a 0 ') 5 1 6 1 1 2 4 27
(1) 0.0 0.0 0.7 1.3 'J .'J !J.O ~.:J 0.0 O.J 0.7 0.1 0.9 0.1 0.1 0.3 0.6 '1.0
( 2) 0.0 ::l.0 0.7 0.3 f).O 0.0 0.0 0.0 o.a 0.7 0.1 0.9 0.1 0.1 0.3 0.6 '1.0

OV E~ 10.4 0 0 3 0 (] J Q 0 a J a 1 0 a 1 5 10
(1) a.o 0.0 D.'! D.J J.O 0.0 U.1 Q.a (,l.a J.O 0.0 0.1 0.0 0.0 0.1 0.7 1.5
( 21 0.0 a.o D.'1 \~. a O.J 0.0 0.0 O.G (j.O 0.0 0.0 0.1 0.0 ,0.0 0.1 0.7 1.5

ALL SP [EO S 4'1 3!i 3 b 45 51 87 69 58 31 36 26 32 2'1 18 27 44 669
fl' 6.6' 5.2 5.'1 6.1 7.6 13.0 1 0.3 8.6 5.5 'l.4 3.9 4.8 3.6 2.7 4.0 b.b 99.1
( 2' 6.6 ,5.2 5..£+ b .1 7.6 13 • .:1 1 003 8.6 5.; 5.4 3.9 4.8 3 •.f! 2.7 4.0 ,6.6 99.•7

(1)> :oPERC£NT Of ALI.: GOOD OR S ro~ ,TH.I5 f' ~u:.
( Z I =P ERe EN T OF ALL GOOD O~ S rOR TH i: PE R roo

, Eo71 GOOD HRS 2 HR S ( Q.3 peT> l (5S "THAN \}.3 MPS' 720 H~S IN TH E TIME PER 100 93.2 PCT DATA RECOVERY



Table 7. Distr ibution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, December 1977

DIRECTION
sp n:n CI4P $) t.lNE N[ e:I'fr ~ ESE SE SSE S SSW SW wsw II WNW t.lW ",N II N TOT Al

0.3- 1 .If 7 6 10 5 1 .. 23 9 1 :) 5 3 6 6 3 3 5 117
eu 1.0 0.8 1 .If 0.1 2.0 3.2 1.3 1.0 0.1 0.1 0.4 0.8 0.8 0.4 0.1f 0.7 16.5
12 t 1 .0 0.8 1 .If 3.1 2.0 3.2 1 .3 1.0 0.7 0.1 0.1f i).8 0.8 0.4 0.1f 0.7 16.5

1 .5- 3'.0 ? 12 6 3 1J B 23 21 21 1~ 13 9 1 If 20 10 7 236
elt 1.3 1 .7 C.8 a.1I 1 .If 5.5 3.2 3.0 3.0 2.7 1.8 1.3 2.0 2.8 1.1f 1.0 33.2
I 2 t 1 .3 1.. ,7 o.g 'l.1I 1 .If 5.5 3.2 3.0 3.J 2.7 1.8 1.3 2.0 2.8 1 .If 1.0 33.2

3.1- ~.o 10 5 8 b If 19 41 15 a 15 32 26 12 11 9 9 236
IU 1.4 0.1 1 .1 0.3 0.6 2.7 b.6 Z.1 1 .1 2.1 1f.5 3.7 1.7 1.S 1.3 1.3 33.2
t 2 t 1 • If J.7 1 .1 J.8 ].6 2.7 6.6 2.1 1 .1 2.1 1f.5 3.7 1.7 1.S 1.3 1.3 33.2

I-' 5.1- a.o 5 5 1 " 1 1 5 3 It 3 10 16 6 7 6 7 86
I-' CIt 0.1 0.'1 0.1 J.3 D.1 0.1 G.7 0.4 0.6 J.1f 1.4 2.3 0.8 1.0 0.8 1.0 12.1

t 2t' 0.7, D.7 0.1 ).~ 0.1 0.1 0.7 J.II C.b J.1f 1.1f 2.3 0.8 1.0 0.8 1.0 12.1

6.1-1J.4 a 0 a 1 ,) G 'J a 0 0 1 7 0 1 1 a 11
IlJ 0.0 0.0 0.'J 'J .1 'J.J D.O 0.0 J.o o.w 0.0 0.1 1.0 0.0 0.1 0.1 0.0 1 .5
I Z t,' 0.0 J.e 0.0 <1.1 'J.D Ueio,J 0.) ).0 e.G J.G 0.1 1.0 0.0 0.1 0.1 0.0 1 .5

Oil ER 1 u.1f J 0 2 2 J Q f) 0 'l 0 1 8 6 0 a a 19
In c.o D.O 0.3 ].3 D.) O.Q 0.0 J.o J.n 1"1.0 0.1 1 .1 0.8 0.0 0.0 0.0 2.7
I 2. a.!1 0.0 0.3, G.3 ':I.J O.Q o.n 0.0 0.3 0.0 0.1 1 .1 a.8 0.0 0.0 0.0 2.7

ALL SF' £ED5 31 28 n 23 2? 8l 811 lib 30 1f2 60 72 If If "2 29 28 70S
'(1) ..... 3.9 3.8 3.2 If .1 11 .5 11 .8 6.5 5.3 5.9 8.'1 1 D.l 6.2 5.9 If .1 3.9 99.2
t 2' '1.'1 3.9 3.11 3.2 If .1 11 .5 11 • a b I' 5.3 5.9 8.4 10.1 6.2 5.9 If.l 3.9 99.2."

Cl)=PERC'O"IT OF _LL &0')0 Of'- :. fOr. THISPAr,E
C2)=PERCENT OF ALL GOOD Oil S fOR TH E P Ef? 10D

711 6000 fiQS () HRS t D.b peT> l E55 TH A~~ a.3 MP S 711 .. H~S IN TH E 1II1E PER 100 95.b peT DATA RECOVERY



Table 8. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, January 1978

DIRECT ION
SPEED (HP S) toIH E HE EhE [ ESE S[ SSE S SS'" SbI IISW W WhW NbI NNW N TOT AL

G.3- 1 • " If 4 " 9 3 15 12 3 3 4 3 3 3 5 3 3 83
(1) C.6 0.6 0.9 1 .4 D.S 2.3 1.9 0.5 D.5 0.6 0.5 0.5 0.5 0.8 0.5 0.5 12.9
( 2) 0.6 O.b 0.9 1.4 0.5 2.3 1.9 0.5 0.5 O.b 0.5 0.5 0.5 0.8 0.5 0.5 12.9

1 .5- 3.0 9 1 ] 5 15 39 52 47 19 14 b 4 3 6 5 6 6 247
(1) 1.4 1 .7 (J.8 2.3 6.1 a .1 7.3 3.D 2.2 0.9 0.& 0.5 0.9 0.8 0.9 0.9 38.5
1 2) 1.4 1.7 o.a 2.3 6.1 8.1 7.3 3.0 2.2 0.9 0.6 0.5 0.9 0.8 0.9 0.9 38.5

3 .1- 5.0 11 5 6 13 21 29 47 30 7 3 7 3 5 4 10 7 208
(i) 1.7 J.8 0.9 2.0 3.3 4.5 7.3 4.1 1 .1 u.s 1 .1 0.5 0.8 0.& 1 .6 1.1 32.4
( 2) 1 .1 0.1'\ 0.9 2.0 3.3 4.5 7.3 4.7 1 .1 0.5 1 .1 0.5 0.1l 0.6 1 .6 1.1 32.1t

.... 5.1- a.a 6 6 10 6 6 1 ') 3 3 a 3 4 2 3 6 10 79.
~

(1) 0.9 0.9 1 .6 0.9 1 .2 0.2 1 .2 0.5 0.5 0.0 0.5 0.6 0.3 0.5 0.9 1.6 12.1
121 0.9. 0.9 1.6 0.9 1 .2 0.2 1 .2 0.5 0.5 0.0 0.5 0.6 0.3 0.5 0.9 1.6 12.3

'3.1-10.4 0 1 4 ~ 0 0 a :J 0 a J 0 a a ., 1 15
(1) 'i.o 0.2 0.6 0.8 O.Q 0.0 o. ;,J 0.0 0.0 'J.o G.O 0.0 0.0 0.0 J.b 0.2 2.3
1 2) 0.0 0.2 0.6 J.B J.O J.O O.J 1).0 0.:1 J.o 0.0 0.0 0.0 0.0 0.6 0.2 2.3

OV ::r~ 10.4 0 0 2 1 LI a a a J a a 0 0 a a a 3
(1) 0.0 a.a 0.3 0.2 G.U 0.0 0.0 0.0 O.D D.O D.O 0.0 0.0 0.0 0.0 0.0 0.5
( 2 ) 0.0 0.0 0.3 Q.2 o.J J.J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5

AL L SP tED ::; 38 27 33 ~9 71 97 11 'I 5S 21 13 17 13 16 17 29 27 035
(II '1.7 4.2 !i .1 ~ , 1 1 .1 15.1 17.3 d.t. 4.2 2.0 2.7 2.0 2.5 2.1 !l.S 4.2 99.1, • <,)

(21 4.7 4.2 :, .1 7.6 1 1 .1 1!> .1 17 .8 8.6 '1.2 2.0 2.7 2.0 2.5 2.1 4.5 IJ.Z 99.1

1 1 I =P ER CEN T OF ALL GOOD OP ~ FOR Til IS PAGE
C21=PERCENT OF ALL GOOD Of', S FOR TH [ PERIOD

641 GOOD HRS o H~; S 1 0.9 PeTl L (S5 TH AN U.3 MP 5 144 H~ S I" THE T I ME PER 100 8b.2 PCT OAT A RECOVERY



Table 9. Distribution of Wind Directions and Speeds at the WlPP
Site, All Stabilities Combined, February 1978

DIRECT ION
SP £EO ( MPS) NN E NE ENE l ESE SE SSE S S5W SW WSW II WNW Nil NNW N TOl Al

0.3- 1.1f 2 3 2 " 9 7 7 8 1 8 7 If 5 6 .. 3 86
C1) 0." 0.6 0." c.s 1.7 1.3 1.3 1.5 1 .3 1.5 1.3 0.8 0.9 1.1 0.8 0.& 1&.3'
C2. 0." 0.6 0.4 J.8 1 .7 1.3 1.3 1 .5 1 .3 1.5 1.3 0.8 0.9 1.1 0.8 0.& 16.3

1 .5- 3~0 2 1 .. 6 " 11 35 28 19 ~ 4 10 3 6 14 6 5 176
'CI • 0.1f ' 2.7 1 .1 D.a 2.1 6.6 .5.3 3.& 1 .1 0.8 1.9 0.6 1 .1 2.7 1.1 0.9 33."
12. ' 0.4 2.7 1 .1 J.B 2.1 6.& 5.3 3.b 1 .1 0.8 1.9 0.6 1 .1 2.7 1.1 0.9 33.4,

3 .1- 5.0 & 7 8 12 7 31 34 8 .. 7 2 5 5 2 7 8 153
(11 1 .1 1.3 1.5 2.j 1 .3 5.9 6.5 1.5 b.8 1 .3 0.4 0.9 0.9 0.4 1.3 1.5 29.0
12 ) 1 .1 1 .3 1 • Ii 2.3 1 .3 5.9 &.5 1.5 0.8 1 .3 0.4 0.9 0.9 0.4 1.3 1.5 29.0

5 .1- 8.0 '8 11 5 16 b t. 8 2 Q :) 3 6 b 6 2 0 85
I-' CI) 1 .5 ' 2.1 o.q 3.0 1 .1 1 .1 1 .5 0.1f o.u 0.0 0.6 1 .1 1.1 1 .1 0.4 0.0 16.1w

C2) 1 .5 2.1 0.9 3.u 1 .1 1 .1 1.5 0.1f 0.0 0.0 0.& 1 .1 1 .1 1.1 0.4 0.0 1& .1

8.1-10.4 0 3 1 1 ') 0 0 J :J a 1 4 7 0 0 0 17
CI) 0.0 J.b O.l 3.2 0.0 O.U D.ll 0.0 0.0 0.0 0.2 0.8 1.3 0.0 0.0 0.0 3.2
,I ?) 0,.0 O.h O.? a.2 0.0 0.0 0.0 0.0 0.0 D.:J D.l 0.8 1 .3 0.0 0.0 0.0 3.2

OV ER 10 ... 0 0 2 a 0 a a 0 a 0 0 3 1 0 a 0 6
CI. 0.0 0.0' 0.4 O.J J.a 0.0 .:J.D 0.0 0.0 0.0 0.0 0.6 0.2 0.0 0.0 0.0 1 .1
I 2) 0.0 0.0 0.4 J.C) 0.0 a.a 0.0 0.0 0.0 0.0 n.o D.& 0.2 0.0 0.0 0.0 1 .1

ALL SP HD S 18 38 24 37 33 79 77 37 2C 19 23 25 30 28 19 16 523
(1' 3.4 7.2 4.6 7.0 6.3 15.0 14. & 1.0 3.8 3.& 4.4 4.7 5.7 5.3 3.6 3.0 99.2
12) 3." 7.2 It.& 7.0 6.3 15.0 1 It. & 7.0 3.3 3.b 4.4 11.7 5.1 5.3 3.6 3.0 99.2

11) =PERC~f'H Of ALL GOOO OP S rc~ TH I:'; P IIGE
(21 =PERctNT Of All GOOO OE ~ FO~ TH £ ?£r? 1 00

527 GOOO H!?S q tU< S C 0.8 peT, l [SS TH AN 0.3 MPS &12 H~S IN THE TIME PER 100 78.1i PCT OAT A RECOVERY



Table 10. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, March 1978

o IR ECTl ON
SPEED CHf> S. NN E NE ENE E ESE SE SSE S ssw SW wsw W WNW Nii NNW N TOT AL

0.3-,' l'If 4 2 5 1 8 13 7 If 3 2 1 .. 2 3 3 .. 66
(It 0.5 (] .3 0.7 0.1 1 .1 1.8 1.0 0.5 0.1f 0.3 0.1 0.5 0.3 0.4 0.4 0.5 9.0
C2) 0.5 0.3 0.7 0.1 1 .1 1.8 1.0 0.5 0.1f 0.3 0.1 0.5 0.3 0.4 0.4 0.5 9.0

1 .5- 3.0 3 11 10 13 2J Ita 29 23 16 8 12 7 11 11 9 8 239
Cit 0.1t 1.5 1 .It l.a 2.7 6.b 4.0 3.1 2.2 1 .1 1.6 1.0 1.5 1.5 1.2 1.1 32.7

". 2)
0.1t 1.5 1 .It 1.8 2.7 6.b 4.0 3.1 2.2 1 .1 1 .6 1.0 1.5 1.5 1.2 1.1 32.7

3.1- 5.0 3 If J 8 19 8 q8 36 27 6 12 13 15 11 15 9 5 254
u. 0.4 0.5 2.5 2.6 1 .1 6.b 1t.9 3.7 0.8 1.6 2.5 2.1 1.5 2.1 1.2 0.7 34.7
( 2. 0.1t ij.5 2.5 2.b 1.1 6.6 4.9 3.1 0.8 1.& 2.S 2.1 1 .5 2.1 1.2 0.7 31f .7

,,,

~ 5 .1- 8.0 7. 1 II 19 3 16 8 J 3 S 9 21 9 If 5 11 132
~

Cit 1.0 0.1 1 .5 2.b 0.1f 2.2 1 .1 0.0 O.It 0.7 1.2 2.9 1.2 O.S 0.7 1.5 18.1
• 2. 1.0 C1.I 1 .5 2.6 0.1f 2.2 1.1 0.0 0.1f 0.7 1.2 2.9 1.2 0.5 0.1 1.5 18.1

S.1-10.1f 1 0 It 3 (J 1 5 3 1 0 3 If 5 1 3 1 3S
(1)> 0.1 0.0 0.5 D.1f 0.3 0.1 D.7 'J .It 0.1 0.0 0.1t 0.5 0.1 0.1 0.1f 0.1 1f.8
12» n.1 0.0 0.5 0.1f 0.0 0.1 0,.7 (J.1t 0.1 0.0 o.q 0.5 0.7 0.1 0.4 0.1 4.8

OV ER 10.4 0 a a 0 0 0 0 (] 0 0 0 4 0 a 1 0 5
(1) 0.0 lI.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 D.o 0.1 0.0 0.7
C2J ,c.o J.1 O,.J 0.0 0,. J 0.0 a.o 0.0 O.D a.o 0.0 0.5 0.0 a.o 0.1 0.0 0.7

AL l SP [ED S 1& 1S '18 55 H 126 115 51 d 27 43 S5 38 31t 30 29 731
.It ,2.5 2.S 6.~ 7.5 5,.,3 17.2 11 .6 1.8 1t.0 3.7 5.9 7.S 5.2 4.7 It.l 4.'0 100.0

~,

" ,~,~'2:. ",2.5 2·.~ 6.6 7.5 ~ .J 17.2 11.6 7.8 4.0 3.1 5.9 7.S 5.2 1f.7 4.1 4.0 100.0

(}),,=p E~ eEN T OF ALL Goon Oil S fOR THI:> PAGE
(~.=PEReE"'T OF ALL GOOD OO~ FOR TH[ PERIOD

731 GOOD HRS 'J H~S t il.O pen U:SS THAN 0.3 MPS 141t H~S IItf THE TIME PER 100 98.3 PCT DATA QECOVt:IU



Table 11. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, April 1978

DIRECT ION
SPEED IHPSJ NNE HE ENE E ESE SE SSE S SSW SII IISW W WNW NY "NY N· TOTAL

0.3- 1.1f 1 2 3 2 8 12 3 6 0 7 3 1 3 2 It 2 60
III 0.3 0.3 0.5 0.3 1.2 1.8 0.5 0.9 0.0 1.1 0.5 0.2 0.5 0.3 0.6 0.3 9.2
12•. 0.3 0.3 0.5 0.3 1.2 1.8 0.5 0.9 0.0 1.1 0.5 0.2 0.5 0.3 0.6 0.3 9.2

J .5- 3.0 7· 9 8 3 JS 20 17 18 n n 15 5 8 9 6 12 190
(U 1.1 1." . 1.2 0.5 2.3 3.1 2.6 2.8 2 .~ 2.~ 2.3 0.8 1.2 1.1f 0.9 1.8 Z9 .2
( 2) 1.1 1'. 'I 1.2. o.s 2.3 3.1 2.6 2.8 2.~ 2.9 2.3 0.8 1.2 1." 0.9 1.8 Z9 .2

3.1- 5.0 10 16 5 .. 7 26 20 15 17 6 12 17 8 10 8 10 1.91
ClJ 1.5 2.5 0.8 0.6 1.1 ... 0 3.1 2.3 2.6 o.~ 1.8 2.6 1.2 1.5 J.2 J .5 .29 ...' .
• 2J 1.5 2.5 C.8 0.0 1 .1 '1.0 3.1 2.3 2.6 J.9 1.8 2.6 1.2 1.5 1.2 1.5 29 .Ii

... 5.1- 8.0 2 5 Ii b 1 20 13 10 12 7 21 20 'I 10 0 10 1Il5
VI H' 0.3 0.1'1 0.6 0.9 0.2 3.1 z.o 1.5 1.8 1.1 3.2 3.1 0.6 I.S 0.0 1.5 22.3

'2J 0.3 0.8 0.6 0.9 0.2 3.1 2.0 1.5 1.8 1.1 3.2 3.1 0.6 I.S 0.0 1.5 22.3

8.1-10.'1 11 0 3 :5 II 3 5 1 1 2 1 .. 17 7 1 0 0 57
(lJ 0.0 0.0 0.5 0.5 D. 'J o.s o.a 0.2 0.2 0.3 2.2 2.6 1 .1 0.2 0.0 0.0 8.8
1 Z). 0.0 0.1) o.s o.~ o.u o.s 0.8 0.2 0.2 [J.3 2.2 2.6 1.1 0.2 0.0 0.0 8.8

OVER· 10." 0 0 0 a 0 1 J 0 0 a 2 2 1 0 0 0 6
(1) 0.0 J.O 0.0 0.0 0.0 0.2 c.o 0.0 0.0 0.0 0.3 0.3 0.2 0.0 0.0 0.0 D.'
( 2) 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 !l.O J.3 0.3 0.2 0.0 0.0 0.0 0.9

ALL Sf HDS 21 32 23 18 31 82 58 SO II~ III f>7 62 31 32 18 3. 6.'
Cl • 3.2 '1.9 3.S 2.8 '1.8 12.6 8.9 7.7 1.i 6.! 10.3 9.5 1f.8 1f.9 2.8 5.2 99.8
.2. 3.2 '1.9 3.S Z.8 ".8 12.t> 8.9 7.7 7.i 6.3 10.3 9.5 ... 8 '1.9 2.8 S.2 99.8

nl:PERCENT OF All Goon ObS fOR THIS PAGE
(2) =PEN CENT Of All GOOI) ()t\s r O!l THt: PL'lIOO

65D 600D HilS 1 Hr.S ( 0.2 PCT I LESS THAN 0.3 fliPS 7Z0 HU IN THE TIHE PERIOD 90.3 Pcl DATA RECOIERY



Table 12. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, May 1978

DIRECT ION
SPEED • HPS. NNE HE EN£: i ESE SE SSE s· SSw sw WSW W WNW NY NNW N fotlC

0.3- 1.1f 2 3 3 2 2 11 7 9 q 6 If If If 2 3 2 68
OJ 0.3 0.5 0.5 0.3 0.3 1.7 1 .1 1.1f 0.6 0.9 0.6 0.6 0.6 0.3 o.s 0.1 10.3
( Z) 0.3 0.5 0.5 0.3 0.3 1.7 1 .1 1.1f 0.6 0.9 0.6 0.6 0.6 0.3 o.s 0.3 10.1

1.5- 3.0 6 5 7 3 19 27 IIf 18 12 11 9 5 5 6 5 6 IS8
tI. 0.9 0.8 1.1 0.5 2.9 If.l 2.1 2.7 1 .8 1.7 1 .If 0.8 0.8 0.9 0.8 0.9 23.9
( 2. 0.9 0.8 1 .1 0.5 2.9 q .1 2.1 2.7 1.8 1.1 1.1f 0.8 0.8 0.9 0.8 0 •.9 23.9

3.1- 5.0 q 5 9 6 7 33 3& 31 1 11 lit 19 7 8 10 10 211
tI. 0.6 0.8 1 .If 0.9 1 .1 5.0 5.q ".7 1 .1 1.1 2.1 2.9 1.1 1.2 1.5 1.5 32.8
C2 t (j.6 U.8 1 ... 0.9 1 .1 5.0 S.4 1f.7 1 .1 1.1 2.1 2.9 1 .1 1.2 1.5 1.5 32.8

~ 5 .1- 8.0 0 2 11 5 If 28 34 15 .. 9 11 21 8 1 If 7 170
O'l (1) 0.0 0.3 1 .7 (l.8 0.6 q.2 5.1 2.3 0.6 1.1f 1.7 It .1 1.2 0.2 0.6 1.1 25.1

C2. 0.0 0.3 1 .7 J.8 1).6 4.2 5.1 2.3 0.6 1.1f 1 .7 If.l 1.2 0.2 0.6 1.1 25.1

8.1-10." 1 1 0 b 1 3 5 0 1 5 6 8 0 2 1 2 1f2
CIt 0.2 ,).2 0.0 0.9 0.2 0.5 O.ll 0.0 D.2 0.8 0.9 1.2 0.0 0.3 0.2 0.3 6_3'
C2) 1).2 0.2 0.0 D.S' 0.2 0.5 0.8 0.0 0.2 0.8 0.9 1.2 0.0 0.3 0.2 0.3 6.3

all ER 10." 0 IJ .3 0 0 a a 0 0 0 0 1 a 0 0 0 If
el) 0.0 0.0 0.5 J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.6
C2) 0.0 ).0 C .'5 0.0 0.0 0.0 0.0 0.0 o.a 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.6

AlL ~P £EO S 13 1& 33 22 33 102 96 73 28 1f2 If If 61f 21f 19 23 21 659
C1) 2.3 2.11 5.1) 3.3 5.a 15 .If 1 1f.5 11 .0 II .2 &.3 6.6 9.7 3.6 2.9 .3 .5 If .1 99.5
( 2) 2.0 2.4 5.0 3.3 s.o 15." 14.S 11.0 4.2 6.3 6.6 9.7 3.6 2.9 3.5 If.l 99.5'

CIt =P ER CEN T OF ALL bOuO QB S FOR THIS PAGE
C2) =P ER CEN T OF ALL 600[, OCS FOR THE F>[RIOO

662 G\>O[l HRS 3 HkS C J.S pcn L [S5 lH AN a .3 MP:; 744 IHS IN THE T1HE PERIOD 89.0 PCT DAT A RECOVERY



Table 13. Distribution of Wind Dir.ections and Speeds at the WIPP
Site, All Stabilities Combined, June 1978

DIIHCTIO,.
SPEED C"p·St NNE NE ENE E E~E ~E SH S s~w Sid WSW Ii WNW Hili "NW N TOTAL

0.3- 1 .4 . 3 3 2 II 7 10 Z 2 3 3 2 1 1 2 2 1 ..8
UI 0.11 O.lf 0.3 0.6 1.0 1 .li 0.3 0.3 0.11 0.1t 0.3 0.1 0.1 0.3 0.3 0.1 6.8
C21 0:. If 0.1t 0.3 0.6 1.0 1.11 0.3 0.3 a .If 0 ... 0.3 0.1 0.1 0.3 0.3 0.1 6.8

1 .5- 3.0- S 4 6 7 1'1 116 20 9 8 3 2 2 5 b 10 6 153
(1) 0.7 0.6 0.8 1.0 2.'1 & .5 2.8 1.3 1 .1 0.11 0.3 0.3 0.7 0.8 1.4 0.8 21 .5
( 2 t 0.7. 0.6 0.8 1.0 2.0 6.5 2.8 1.3 1 .1 a.1f 0.3 0.3 0.7 0.8 1.11 0.8 21.5

3.1- 5.0 3 12 '13 12 12 69 53 117 ~ 1 0 1 0 5 6 1 250
Cli 0.4 1 .7 1.8 1.7 1 .7 9.7 7.5 6.6 1 .3 0.1 0.0 0.1 0.0 0.7 0.8 1.0 35.2
cz. 0.'1 1.7 1.8 1 .7 1.7 9.7 7.5 6.6 1.3 0.1 0.0 0.1 0.0 0.7 0.8 1.0 35.2

~ 5.1- a.D 3 6 7 13 3 61 67 111 " a 1 1 I'] 1 I 2 201t
-...J - CIt 0.4 0.8 1 .0 1.B a.4 8.6 t 2.3 2.0 0.6 a.o 0.1 0.1 0.0 0.1 0.1 0.3 28.7'

c2. 0.11 J.B 1 • a 1.8 D.1f 8.6 12.3 2.0 0.6 'J.o 'J.l 0.1 0.0 0.1 0.1 0.3 28.7

8.1~lO.4 <; '3 !i iJ 11 23 0 fJ a n a 0 a a a 1t8
elJ Q .1 0.7 0.4 0.1 o.a 1.5 3.2 0.0 o.J J.o 0.0 0.0 0.0 0.0 0.0 0.0 6.8
( 2J 0.1 0.1 0.4 ').7 a.J 1 .5 3.2 n.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8

OW Ell 10 .It 0 0 2 1 a 1 a 0 0 0 a 0 a a 0 1 5
':., (11 0.0 0.0 0.3 Dol 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

( 2, . 0.0 0.0 0.3 0.1 0.0 0.1 0.0 0.') 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 o.i'

ALL SP HOS I!"> 30 33 42 36 198 185 72 Zit 7 5 5 6 1 .. 19 17 708
elJ a.1 4.2 4.6 5.9 S .1 27.9 26.1 10.1 3.'+ 1.0 0.7 0.1 0.8 2.0 2.1 2.'4 99.7

" 12J 2.1 11.2 4.6 5.9 5 .1 27.9 2b.l 10.1 3.1f 1.0 0.7 0.1 0.8 2.0 2.1 2." 99.1

(1' =PERCENT Of ALL GOOD OP S FOR THIS PAGE
12J=PEJlCENT Of ALL GOOD oe s f Ol~ TH l PER lOll

11 a GOOO H~S 2 HI'S ( 0.3 PCT 1 L ES5 THAN () .3 !'IPS 720 H~S IN TH E TIME PER 100 98.6 PCT oAT A RECOVERY



Table 14. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, July 1978

OIHCT ION
SPHO I "PS' NN E HE ENE E ESE SE SSE S SSw SW wsw W WNW NW NN" N 101 AL

0.3- 1.4 1 0 2 1 9 13 7 S 6 .. 3 0 0 0 0 0 Sl
III 0.1 0.0 0.3 0.1 1 .3 1.9 1.0 0.7 o.~ O.b a.4 0.0 0.0 0.0 0.0 0.0 7.S
12' 0.1 0.0 0.3 001 1.3 1.9 1.0 0.1 o.~ 0.6 0.4 0.0 0.0 0.0 0.0 0.0 7.5

1 .5- 3.0 1 5 7 7 39 83 22 30 ~ 1 1 0 0 0 If 6 221
III 1 •.0 0.7 1.0 1.0 5.7 12.2 3.2 11.4 1 .3 0.1 0.1 n.o 0.0 0.0 0.6 0.9 32.5
12' 1 .0 ::1.7 1.0 1.0 5.7 12.2 3.2 ..... 1 .3 ::J .1 0.1 0.0 0.0 0.0 0.6 0.9 32.5

3.1- 5.0 2 .. 8 13 IS 101 el7 2& :> 1 1 0 a a 0 2 271
III 0.3 0.6 1.2 1.9 2.2 15.7 12.8 3.8 0.7 0.1 0.1 0.0 o.n 0.0 0.0 0.3 39.8
fLl 0.3 D.b 1. Z 1.9 2.2 15.7 12.8 3.8 0.7 n .1 IJ .1 0.0 0.0 0.0 0.0 0.3 39.8

.... 5 .1- &.0 :J A b 5 1 38 1>4 1 Q 0 0 c 0 0 0 1 124
Q)

IU 0.0 1.2 0.9 0.7 0.1 5.6 9.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 18.2
f 2) C.O 1.2 0.9 0.1 0.1 5.6 9.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 18.2

8.1-10.4 0 1 ! 1 J 3 3 0 'J a 0 0 0 0 0 0 10
IU 0.0 J.e 0.'1 0.1 J • ."J 0.'1 0.'1 O.C .", ,.. J.O 0.0 0.0 0.0 0.0 0.0 0.0 1 .5u.o;

«2) 0.0 J.D 0.'1 J.l 0.0 0.'1 0.4 0.0 0.0 c.o 0.0 o.c 0.0 0.0 0.0 0.0 1.5

OV ER 1 0.4 0 1 0 1 0 0 ) 0 0 :J 0 0 0 a 0 0 2
C}) C.D 0.1 0.0 Jol 'J.D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
f 2» 0.0 J .1 0.0 Dol Cl.D :J.e 0.0 J.o 0.0 (l.O 0.0 0.0 0.0 0.0 0.0 0.0 0.3

All SPEED S 1 'J 18 26 28 6 .. 244 1e3 &2 2:1 I> 5 a 0 0 4 9 &79
,.II ) 1 .5 2.6 3.8 11.1 9.4 35.8 26.9 9.1 2.? 0.9 0.7 0.0 0.0 0.0 0.6 1.3 99.7

( 2» 1 .~ 2.6 3.8 4.1 9.4 35.8 26.9 9.1' 2.'1 0.9 0.1 0.0 0.0 0.0 O.b 1.3 99.1

C1 »=PERCENT OF All &OUO OB S I' OJ? TH IS PAGE
12' =P ER CEN T OF All G /)(;0 Oll S FOR THE PERIOD

681 6000 HRS 2 HPS f 0.3 PCT) l rss THAN 0.3 I',PS 7lf1l H~S l~ TH E T I ME PER 100 91 .5 PCT OAT A RECOVERY



Table 15. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities combined, August 1978

DIRECT ION
SPEED • MPSI NN E NE ENE E ESE SE SSE S SSW SII "S" II "N II Nil NNII N TOTAL

0.,3- 1.11 ... 5 1 1 10 9 II .. 7 .. 3 2 6 0 5 .. 67
(11 0.3 0.8 o.z J.l 1.& 1.'1 0.6 0.& 1.1 0.6 0.5 0.3 0.9 0.0 0.8 0.6 10.6
( 21 0.3 0.8 0.2 0.2 1 .& 1." 0.6 0.& 1 .1 'J.6 0.5 0.3 0.9 0.0 0.8 0.6 10.6

1 .5- 30'0 J' '5 5 6 IS 37 211 33 2S 10 11 7 5 8 6 9 209
II) 0.,5 0.8 o.a J.9 z... 5.9 3.8 5.2 ...0 1.6 1.7 1.1 0.8 1.3 0.9 1.4 33.1
( 21 0.'5 D.l' 0.8 i).9 2.4, 5.9 3.'3 5.2 4.0 1.6 1.7 1.1 D.!! 1.3 0.9 1.'1 33.1

3.1- 5.0 4 III 13 8 1 3& 62 54 7 3 5 5 6 10 6 5 239
(1) 0.6 2.2 2.1 1 .3 0.2 5.7 9.8 8.5 1.1 0.5 0.8 0.8 0.9 1.6 0.9 0.8 37.8
( 21 0.& 2.2 2.1 1.3 0.2 S.7 9.8 8.5 1.1 0.5 0.8 0.8 0.9 1.6 0.9 0.8 37.8

I-' 5.1- 8.0 0 3 1 ~ 9 & 7 ~·I 12 1 1 0 1 1 1 0 2 109

'" (1) d.o 0.5 2.8 1.11 [) .9 1 ;,1 7.4 1.9 0.2 'J.2 0.0 0.2 0.2 0.2 0.0 0.3 17.2
( 2) '0.0 0.5 2.8 1 • If 0.9 1 .1 7.4 1.9 0.2 0.2 0.') 0.2 0.2 0.2 0.0 0.3 17.2,

8.1-10.1f .' 0 a 3 0 0 0 1 0 () 0 0 0 1) a 0 !J •(1) 0.0 Q.O o.s J.O 0.0 0.0 0.2 0.0 0.0 Q.O 0.0 0.0 0.0 0.0 0.0 0.0 0.6
( 2 t 0.0 !J.O 0.5 a.oJ 0.0 J.O D.2 0.0 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.6

OV [R 10 ... a Q 0 Q Q 0 0 J a 0 0 0 IJ 0 0 0 a
(It 0.0 ,0.0 a.a t).~ 0.0 a.oJ 0.0 :J.O 0.0 J.O 0.0 0.0 0.0 0.0 0.0 O.Q 0.0
eN .0.0 0.0 0.(1 J.O 0.0 0.0 0.0 0.0 0.0 J.O 'J.o 0.0 0.0 0.0 0.0 0.0 0·0

"
All 5P LEOS 9 27 liD 2" 32 89 138 103 IfQ 18 19 15 IS 19 17 20 628

ill 1 '.11 '1.3 6.3 1.8 5.1 111 .:.. 21. d 1 b.3 6.3 Z.8 3.0 2." 2.8 3.0 2.7 3.2 99._
( 2 t 1 ... "-.3 6.3 3.8 <; .1 14.1 21 .8 1 b. 3 6.3 2.8 3.0 Z.1t 2.8 3.0 2.7 3.2 99.1t

(1 t =PERCENT OF ALL GOOD OB 5 FOR THIS PAGE
( 2) =P.ERC£N T OF ALL 6000 OR S FOR TH E f> ER I 1)0

&32 GOOO Hi?S 'I HRS ( !J.b peTJ l [55 TH AN C .3 I'lP S 11111 IHS IN HI" T ~HE PER 100 8,..9 PCT DATA RECOVERY



Table 16. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, September 1978

ol~ECT ION
SPEEQ I PIP St NNE ii( EN E E ESE SE SSE S SS.. Sli wSw W liN .. Nii NNW N TOT Al

0.3- 1 .4 3 10 1 3 2 9 .:. 9 1 4 :5 8 7 4 7 II 87

"
(lt 0.5 1.6 0.2 0.5 0.3 1 .If 0.9 1 • If 1 .1 G.b 0.5 1.3 1 .1 O.b 1.1 0.& 13.7
(2. 0.5 1.6 0.2 0.5 0.3 1 .4 0.9 1 .4 1 .1 0.6 0.5 1 .3 1 .1 0.6 1.1 0.& 13 .7

1 .5- 3.0 10 lS 9 13 15 1f1 30 18 11f 11 11 6 5 10 11 7 226
flt 1.b 2.11 1 • II 2.1 2.4 b.5 11.1 2.8 2.2 1.1 1.1 0.9 0.8 1.b 1.7 1.1 35.6
( 2. 1.6 Z.II 1 .4 :? .1 2.4 6.5 4.7 2.8 2.2 1 .7 1 .7 0.9 0.8 1.6 1.7 1.1 35.b

3 .1- 5.0 a 6 s 15 12 72 110 10 11 7 II 5 2 6 8 6 22&
(1) 1.3 0.9 1.3 2.4 1 .9 11 .4 b.3 1 .b 2.7 1 .1 O.b 0.8 0.3 3.9 1.3 0.9 35.6
( 2) 1 .3 J.9 1 .3 2.11 1.9 11 • II b.3 1 .6 2.7 ) .1 0.& 0.8· 0.3 0.9 1.3 0.9 35.0

110) 5 .1- 1l.0 2 h 1 & b a 20 9 2 1 3 {, 12 0 (] 1 0 811
0 (1) 0.3 0.9 2.5 O.ft 0.0 3.2 1 • II 0.3 0.2 0.5 0.9 1.9 0.0 0.0 0.2 0.0 13.2

( 2. 0.3 J.9 2.5 :::J.~ 0.0 3.2 1 .4 0.3 0.2 0.5 0.9 1 .9 0.0 0.0 0.2 0.0 13.2

8.1-10.4 a a 3 a u 1 2 1 a 0 0 2 0 a 0 0 9
( 1) 0.0 0.0 0.5 0.0 0.0 0.2 0.3 0.2 a.a 0.0 0.0 0.3 0.0 0.0 0.0 0.0 1."
( L. !J.::J J.O 0.5 c..a a.J 0.2 J.3 0.2 .l.a J.O 0.0 0.3 0.0 o.b 0.0 0.0 1.1f

OV ER 1 0.4 0 0 J 0 a a 0 0 J a a a a a 0 0 0
(l. c.o J.e 0.0 a.u a.a 0.0 :.J.O J.O 0.0 J.e 0.0 0.0 0.0 0.0 0.0 0.0 0.0
( 2) 0.0 :J.O 0.0 0.0 C.J 0.0 0.0 0.0 G.a a.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ALL SP EEO S 23 37 37 31 29 1~3 'd7 40 :>~ 25 21f 33 14 20 27 17 632
CIt 3.6 5 .,q 5.8 5.8 4.6 '22.6 13.7 b.3 b.2 3.9 3.8 5.2 2.2 3.2 If .3 2.7 99.7
( 2) 3.6 5.8 5.3 5.& 4.6 22.6 13.7 &.3 6.2 3.9 3.8 5.2 2.2 3.2 ... 3 2.7 99.7

(1) =PERCENT OF ALL GOOD OB S r OR THIS PAGE
12.=P[HCENT OF ALL GOOD OIlS '-OR TI-I E PER I 00

b34 GOOD HR5 l HPS t Q.~ pen L ES5HillN 0.3 I':I'S 720 HU IN THE TIME PER 100 88.1 PCT OA1A RECOVERY



Table 17. Distribution of Wind Directions and Speeds at the WlPP
Site, All Stabilities COmbined, OCtober 1978

0IRECT ION
~EED t"P SI Nt4 E hE ENE E ESE ~E SSE S SS.. SW wsw W WN W NW NNW N lOT Al.

(1.3- 1.1f Z 7 .. 6 a 9 6 6 :) 7 5. 6 2 6 Z 8 89
( 11 0.3 1.0 0.6 0.8 1 .1 1 .3 0.8 0.8 0.1 1.0 0.7 0.8 0.3 0.8 0.3 1.1 12.1t
f ZI, G.3 1.0 0.6 0.8 1 .1 1.3 0.8 ;).8 0.1 1.0 0.7 0.8 0.3 0.8 0.3 1.1 1 Z.If

1 .~- 3.0 2 It 2 12 31 50 36 29 21 8 11 10 5 13 10 6 250
(11 0.3 0.6 0.3 1.7 ...3 1.0 S.D It.I 2.'1 1.1 1.5 1 .It 0.7 1.8 1.1t 0.8 31t.Cf
1.11 0.3, (J.E> 0.3 1.7 1t.3 7.a 5.1) It.I 2.~ 1 .1 1.5 1." 0.1 1.8 1 .It 0.8 3 ...9

3.1- !>.o b 10 14 0 51 80 32 30 H 5 q '2 Z 12 6 9 282
ell 0.8 1.1t 2.0 0.0 1.1 11.2 It.S q.2 2.7 0.7 0.6 0.3 0.3 1.7 0.8 1.3 39.If
121 0.8 1 .li 2.0 J.D 1.1 11.2 ... s ... 2 2.1 .J .1 O.b 0.3 J.3 1.1 0.8 1.3 39."

to.) 5.1- S.D· .. q 7 4 tl 19 9 16 3 a Z 1 a 0 0 9 79.... III 0.6 J.b 1 .0 O.b 'J.o 2.1 1.3 2.2 J.'4 1.0 G.3 0.3 o.n 0.0 0.0 1.3 11.0
I 2) 0.6 J.6 1. O. iJ.b 0.0 2.1 1 .3 2.2 0.4 " .~ J.3 0.3 0.0 0.0 0.0 1.3 11 .0~~ • u

ii.1-10." 1 ~ 9 0 0 ') J -:) J a a a {) a 0 0 11
'11 0.1 J.I .1 .3 0.0 0.0 0.0 0.0 J.o 0.::1 ::1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.S
l 2 J 0.1 \J.l 1 • J fl.il 0.3 J.O J.O 0.0 o.J 0.0 c.o 0.0 0.0 0.0 0.0 0.0 I.S

OV Ell 10 ... a 3 a 0 ') Q 'J 0 0 0 0 0 0 0 a 0 3
CIt Q.D J.'! 0.0 [l.,) o.J J.J D.O 0.0 J.O J.o 0.0 0.0 O.il 0.0 0.0 0.0 0 ...
(2) 0.0 0.1f u.o 0.0 0.0 0.0 0.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0'"

ALL SP tEOS 15 29 36 22 9J 158 63 81 48 20 2Z ZO 9 31 18 32 7111
llJ ? .1 ... 1 5.1) 3.1 1 2. Eo 22 .1 1 1 • E> 110.3 6.7 2.8 3.1 2.8 1.3 ...3 2.S " .5 99.7
l 2 t 2.1 ~.1 5.'1 3.1 12.6 22.1 11 .6 11 .3 6.1 2.e 3 .1 2.8 1 .3 4.3 2.s If.S 99.7

11) =P.£RCENT OF All Goon 015 S FOR THIS PAGE.
IZ)=PERCENT OF ALL GOGO Oil S FOR THE PERIOD

116 GOOD HRS 2 liRS I 0.3 peT) LESS THAN .-, '1'
~PS 7114 H~S IN THE T !l1E PE:R 100 96.2 PCT DATA RECOVERY""' ....



Table 18. . Distr ibution of Wind Directions and Speeds at the WIPP
':" ;- ~" .: Site,.All Stabilities Combined, November 1978

..r
,i'-PEED

OIRECTJOI\I
t I1P,S I NNE NE ENE E ESE SE SSE S s~w _sw wsw W WNW NW NNW N TOT At

" ,.,

'9',0.3;-::; 1 • ~, 9 8 4 .& 5 III 10 8 2 5 .. .. ,Ii 2 5 99
tll 1.3 1 '.1 0.0 J.9 0.7 1 .3 2.0 1.4 1 .1 a.3 0.7 a.6 0.6 0.6 0.3 0.7 14.2
C2 I 1 .3 1,.1 ,0.6 0.,9 0.7 1.3 2,.0 1.4 1 .1 D.3 0.7- 0.6 0.6 0.0 0.3 0.1 14.2

1 .5- 3.0 1 J 12 8 9 31 52 36 33 10 II 4 11 11 15 10 16 272
t1 I 1 .4 1 .1 1 .1 1 .3 4.11 7.4 5.2 4.7 1.4 0.6 0.6· 1 .6 1 .6 2.1 1.4 2.3 39.0
(21 1 .,4 1 .1 1 .1 1 .3 4.4 7.4 5.2 4 • .7 1 .4 0.6 (l.b 1.6 1.6, 2.1 1 .4 2.3 39.0

3.1- 5.0 10 19 2~ 1 a Ql Q3 21 11 3 7 9 5 Ii 1 5 2 229
tll 1.1/ 2.7 2.9 1 .4 5.9 0.2 3.0 1.0 1 • i. 1 .0 1.3 0.1 l.b 1.0 0.7 0.3 32.8
C2 I 1 • Q 2.7 2.9 1.4 5.9 6.2 3.D 1.b 1 .1 1 • a 1 .3 0.7 1.6 1.0 0.7 0.3 32.8

5.1- 8.J 3 b 11 !> 5 II! 19 Q Z 3 3 4 3 a a 0 82
II.)

(1) 0.4 J.9 1 .6 J.7 0.7 2.b 2.7 0.0 () .3 0.4 0.4 0.6 0.4 0.0 0.0 0.0 11.7II.)
( 21 0.4 0.9 1 .& 0.7 0,.1 2.b 2.7 Q.O 0.3 D.lf D.lf 0.6 O.If Q.O 0.0 0.0 11.7

8.1.-10'-4 0 3 1 1 J 1 0 0 ;J 0 0 3 IJ 0 0 0 15
( 1) 0.0 0.4 1 • ') (J.l 0.0 0.1 0.0 O.D O.J ,Q. a 0.0 0.4 0.0 0.0 0.0 0.0 2.-1
C21 0.0 O.I! 1.0 8.1 'J.eI 0.1 O.D 0.0 a.a 3.0 o.a a.4 0.0 0.0 0.0 a.o 2.1

ov [P 10.4 a 0 0 0 J 0 'J J 0 0 a 0 0 0 0 0 0
III 0.0 J.n 0.0 O.li 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,0.0
( <: I 0.0 0.0 D.Q J.u ].0 J.O 0.0 0.0 c.J Cl.D 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All SP ':teD S 32 48 30 3 i "'2 123 'iJ 54 28 16 21 21 29 26 11 23 697
111 '4.6 I:>.Q 1.2 4.-4 1 1 .1 11.0 12.Q 7.1 ".0 2.3 3.0 3.9 '4.2 3.1' 2.4 3.3 99.9
C2 I 4.6 b.9 7.2 1f.4 11.1 17.6 12.9 7.1 4.a 2.3 3.0 3.9 4.2 3.1 2.lf 3.3 99.9

t 1 r =PERCENT OF All ' GOOD 08 S F 0'1 TH IS PAGE
C21=PERCENT OF All GOOD OP S FOR TH E PER 100

&98 GO .)[1 Hi?S 1 HI'S t 0.1 neTI 'l ':<;:;; TitAN 0.3 "PS -72'0 :tHS: IN,' THe TIME PER 100 96.9 peT DATA RECQVERY



Table 19. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, December 1978

DIRECT ION
SP EED CHP St N~ £ !iE ENE E ESE SE ~SE S SSW sw wsw W WNW NW NNW N TOT Al

0.3- 1 • If 2 3 5 4 d 7 5 9 6 .. 5 3 .. 3 2 If 79
(1 t 0.3 1.2 0.7 O.b 1 .2 1 • a 0.7 1.3 0.9 0.6 0.7 0.1f 0.6 0.1t 0.3 ·0.6 11 .5
12. 0.3 1.2 0.7 G.b 1 .2 1.0 0.7 1 .3 0.:) 0.6 0.1 0.4 0.6 0.1f 0.3 0.6 11.S

1 .5- 3.0 16 15 g 8 17 40 32 24 12 13 10 7 9 9 7 13 21t0
fl' 2.3 2.2 1 .2 1.2 2.5 5.& 4 •.1 3.5 1.8 1.9 1.5 1.0 1.3 1.3 1.0 1.9 3S .0
t 2t 2.3 2.2 1.2 1.2 2.5 5.8 4.7 3.5 1.8 1 .9 1 .5 1. a 1.3 1.3 1.0 1.9 3S.0

3.1- S.il 17 18 18 21 16 20 21 27 24 17 7 8 5 S 15 7 2lf6
(lJ 2.5 2.6 2.6 301 2.3 2.9 3.1 3.9 3.5 2.5 1. a 1.2 0.7 0.7 2.2 1.0 3S .9
1 2 t 2.5 2.6 2.6 3.1 2.3 2.9 3 .1 3.9 3.5 2.S 1.0 1.2 0.7 0.1 2.2 1.0 35.9

5.1- a.o 4 b 11 9 J 1 5 11 6 13 4 6 6 7 2 6 97
I\J tIt 0.6 o.e;. 1 .6 1.3 0.0 0.1 0.7 1 .6 0.9 1.9 0.6 0.9 0.9 1.0 0.3 0.9 14.:2w

C2 t 0.6 0.9 1.6 i .3 0.0 0.1 0.1 1.6 0.9 1.9 0.6 0.9 0.9 1.0 0.3 0.9 14.2

8.1-10.4 a 0 5 ? 0 u 0 0 1 S 1 0 'J 4 0 1 19
(1' a.1) 0.0 0.7 0.3 Q.D 1).0 0.3 0.0 Q .1 0.7 Q .1 a.o 0.0 0.6 b.o 0.1 2.8
1.2' G.'.) J.o 0.-7 0.3 G.o ::I.) o. ,) o.u 0.1 0.1 0.1 0.0 0.0 :J.6 0.0 0.1 2.8

ov ER 10.4 a ) 0 J J 0 a 0 0 0 2 a (] a a a :2
IlJ 0.0 0.0 0.0 0.0 J.D O.C G.a n.o 0.0 ').0 0.3 0.0 0.0 0.0 0.0 0.0 0.3
I 2t o.n J.O 0.0 J.G 0.0 0.0 0.0 0.0 0.0 0.0 0.3 il.O o.n 0.0 0.0 0.0 0.3

AL L SP EEo S 39 47 47 4At 41 68 &3 71 At9 52 29 24 24 28 26 31 683
III 5.7 6.9 6.9 6.4 6.0 9.9 9.2 10.4 7.2 7.6 1i.2 3.5 3.5 Ii .1 3.8 If.S 99.7
I 2 t 5.7 &.<1 6.9 b.1I 6.0 9 .~ 9.2 10.11 7.2 7.6 4.2 3.S 3.5 4.1 3.8 1f.5 99.1

Cit =PERCC::~iT OF ALL GOor. 00 S FOR THIS PAGE
I 2t =PERC£NT OF ~LL GOlD Of> S fOR TH E PEr? 100

685 liOOO HRS 2 HI'S I 11.~ PCT t L fSS Hl"N o.~ MPS 7 .... H~S I~ TH ~ T IHE PER roo 92.1 PCT DATA RECOVERY



Table 20. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, January 1979

DIueT ION
SPEED • I1P SI NNE HE ENE E ESE SE SSE S ssw Sill illS'" hi IiIN hi NY NN II N TOT AL

0.3- 1 ... 2 3 2 2 8 8 12 & 5 5 1 2 3 1 2 3 65
cIt 0.3 0 ... 0.3 0.3 1.2 1.2 1.8 0.9 0.7 0.1 0.1 0.3 0.1t 0.1 0.3 0.1t 9.6
C2. 0.3 0." 0.3 0.3 1.2 1.2 1.8 0.9 0.7 0.7 0.1 0.3 0.'1 0.1 0.3 0.1t 9.6

1 .5- 3.0 II 2 8 19 19 If 5 .... 3& 20 5 5 6 1 3 3 2 228
H. 0.& 0.3 1.2 2.8 2.8 &.& &.5 5.3 2 .~ 0.7 0.1 0.9 I .0 0." 0.4 0.3 33.6
( 2) 0.& 0.3 1 .2 2.a 2.8 6.6 6.5 5.3 2.~ 0.1 0.1 0.9 1.'] 'J.1f 0.11 0.3 33 .b

3.1- 5.0 1'1 & 8 11 11 39 48 38 10 3 5 13 11 3 2 3 231
(1) 2.1 0.9 1.2 1.6 2.5 5.1 1.1 5.6 1.5 0.4 0.1 1.9 1.6 a... 0.3 0.'1 3"00
( 2) 2.1 0.9 1.2 1 • b 2.5 5.1 7 .1 S.b 1.5 D.1f 0.1 1.9 1.6 0." 0.3 O.li 3'1.0

to.) 5.1- 8.0 7 1 8 3 6 26 10 10 .. 1 3 1" 8 .. 3 8 116
~ 0) 1.0 0.1 1.2 0." 0.9 3.8 1.5 1.5 G.6 0.1 0." 2.1 1.2 0.6 0.4 1.2 17.1

C2) 1.0 0.1 1 .2 0.'1 0.9 3.8 1.5 1.5 0.6 0.1 0.'1 2.1 1.2 0.& 0.1f 1.2 11.1

8.1-10." a 2 0 0 Q 0 0 a a a 2 13 'I a 2 3 26
CD il.O !J .3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.9 0.& 0.0 0.3 0.1f 3.8
( 2 I 0.0 003 0.0 0.0· 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.9 0.6 0.0 0.3 0.1f 3.8

OW ER 10.1f a 0 0 0 0 0 0 0 0 0 0 7 2 0 2 0 11
cn 0.0 0.0 o.c 0.0 0.0 0.0 0.0 0.0 o.c 'J.o 0.0 1.0 0.3 0.0 0.3 0.0 1.6
C 2 J 0.0 J.O 0.0 J.a o.a 0.0 0.;) 0.0 0.0 0.0 0.0 1. a 0.3 0.0 0.3 0.0 I .&

All SP EEOS 21 14 2& 35 50] 118 1111 90 3; ]II 1& 55 35 11 III 19 &77
0) 1f.0 2.1 3.8 5.2 7.11 17.4 16.8 13.3 5.7 2.1 2 ... 8.1 5.2 1.6 2.1 2.8 99.7
( 2) ".0 2.1 3.8 5.2 1.1f 11.4 16.8 1303 5.7 Z .1 2.4 8.1 5.2 1 .6 2.1 2.8 99.7

t 1) =PEICCENT Of ALL Gu()[J Oil!> FOR TH 1 ~ P I\GE
t 2) =PERCENT Of ALL GOOD oP S FOR THE PERIOD

079 GOOD HRS 2 HPS t 0.3 PCT) l[SSTHAN iJ .3 111> S 7 114 H~ S IN TH E Tll1£ PER IuD 91 .3 PCT DATA RECOVERY



Table 21. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, February 1979

DIRECT ION
SPEED (HP SJ l\IhE HE ENE E ESE SE sst 5 SSW SW 11511 II WN II Nil NN II N TOT At

0.3- 1.14 5 6 5 14 8 6 3 6 .. 9 6 9 .. 2 5 8 90
(lJ 0.9 1.0 0.9 0.7 1 .If 1.0 0.5 1 .0 0.1 1.5 1 .0 1.5 0.7 0.3 0.9 1." 15 ...
( 2) 0.9 1.0 0.9 0.7 1 .14 1.0 0.5 1.0 Q .1 1.5 1.0 1.5 0.7 0.3 0.9 I ... 15.If

1 .5- 30'0 5 114 10 4 12 36 3'3 Zb 13 11 12 14 1 8 5 10 209
(1) 0.9 2.1f 1 .7 0.7 2.1 b.2 b.5 1f.5 2.2 1.9 2.1 0.7 0.2 1 .14 0.9 1.7 35.8
( Z. 0.9 2.14 1.7 0.7 2.1 b.2 6.5 14.5 2.2 1.9 2.1 0.7 0.2 1.14 0.9 1.7 35.8

3.1- 5.C 12 18 114 7 17 23 214 114 :i .. 12 6 3 10 5 5 119
II) 2.1 3.1 2.14 1.2 2.9 3.9 14.1 2.14 0.9 0.7 2.1 1.0 0;5 1.7 0.9 0.9 30.7
( 2J . 2.1 3.1 2.14 '1. Z 2.9 3.9 If.l 2.14 0.9 0.7 2.1 1 .0 0.5 1.7 0.9 0.9 30.7

N 5.1- 8.0 3 b 5 3 3 7 114 9 2 2 14 7 6 Z 6 2 81VI
ClJ 0.5 1.0 0.9 0.5 0.5 1.2 Z.II 1.5 0.3 0.3 0.7 1.2 1.0 0.3 1.0 0.3 13.9
(·2' 0.') 1.') 0.9 0.5 0.5 1 .2 2 ... 1.5 0.3 0.3 0.7 1.2 1.0 0.3 1.0 0.3 13.9

8.1-10.11 0 .. Q 4 0 J a 0 a J 0 3 3 1 2 14 0 17
Cl. 0.0 J.D 0.7 0.0 :).0 0.0 0.0 :::l.0 0.0 1.0 0.5 0.5 0.2 0.3 0.7 0.0 2.9
( 21 0.1 'J.O 0.7 ).0 'J.o 0.0 G.O 0.0 O.J J.O 0.5 0.5 0.2 0.3 0.7 0.0 2.9

Ov EP 10.... :J 0 2 2 il 0 :J 0 ;) 0 a 2 1 0 a 'J 7
(1) 0.0 D.a 0.3 G.3 0.0 0.0 0.0 a.o 0.0 0.0 0.0 0.3 0.2 0.0 0.0 0.0 1 .2
(,21 0.0 0.0 0.3 0.3 a.a 0.0 0.0 0.0 D.) 0.0 0.0 0.3 0.2 o~o 0.0 0.0 1 .2

All :-.p (EO s 2S 1f4 'I') 20 II;,) 72 79 55 211 26 37 31 16 24 25 25 583
ClJ 4.3 7.5 6.a 3 ... b.8 12.3 13.5 9.14 4.1 14.5 6.3 5.3 2.7 14 .1 ".3 ... 3 99.8
( 2. 14.3 7.5 6.8 3.'1 6.8 12.3 13.5 9.14 4.1 1f.5 6.3 5.3 2.7 " .1 1f.3 ".3 99.8

11 J =P ER eel'IT Of All GIlOU Of! S fOR THIS PAGE
(2)=PERCENT I1F All G i) 0[; O~ S fOR THC PCP-IOD

5ell GOOD H~S 1 liPS ( 0.2 pel) lESS THAN 0.3 MPS b12 tHS IN THE T IHE PER lOa 86.9 PCT DATA RECOVERY



,.- Table 22. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, March 1979

, if .-i:,'

o IR ECT ION
sPEED- &IW.S.I NN E NE ENE E ESE SE SSE S SSW SW wsw W WNW NW NNW N TOT AL,

() .3- l.lf 5 II 2 II 5 b 7 5 5 2 7 1 5 1 1 5 65
III 0.7 0.5 0.3 0.5 0.7 0.8 1.0 0.7 0.7 0.3 1.0 0.1 0.7 0.1 0.1 0.7 8.9
• 2 I 0.7 0.5 0.3 0.5 0.7 0.8 1.0 0.7 0.7 0.3 1.0 0.1 0.7 0.1 0.1 0.7 8.9

·1 .•5- 3.0. 12 III II II 12 29 35 22 17 17 11 11 5 3 6 16 222
11) 1.6 1.9 0.5 1 .1 1.6 11.0 11.8 3.0 2.3 2.3 1.5 1.5 0.7 O.If 0.8 2.2 30 .11
1.2) l.b 1.9 0.5 1 .1 1 .b If.O ".8 3.0 2.3 2.3 1.5 1.5 0.7 0." 0.8 2.2 3·O./f

3.1- 5.0 /f II 10 17 Zif 3b 37 19 7 8 12 IIf 6 12 7 3 220
IlJ 0.5 0.5 1 .11 2.3 3.3 ".9 5.1 2.6 1.0 1.1 1.& 1.9 0.8 1.& 1.0 0." 30.1
I 2J 0.5 0.5 1 • II 2.3 3.3 11.9 5.1 2.b 1.0 1.1 1.& 1.9 0.8 1.6 1.0 O.If 30.1

N 5.1- 8.0 2 2 5 30 17 25 7 11 0 3 15 31 6 0 3 .. 167
0\ II) 0.3 0.3 0.7 ...9 2.3 3." 1 .0 1.5 0.0 0." 2.1 ".2 0.8 0.0 D." 0.5 22.9

I 2I 0.3 0.3 0.7 11.9 2.3 3." 1.0 1.5 0.0 0." 2.1 1f.2 0.8 0.0 0 ... 0.5 22.9

8.1-10.1f 0 1 1 10 a a 5 0 0 0 6 13 2 0 0 2 ltD
(1) 0.0 0.1 0.1 1 • If 0.0 O.Il 0.7 0.0 0.0 0.0 0.8 1.8 0.3 0.0 0.0 0.3 5.5
HI o.!) 0.1 0.1 I.'! 0.0 0.0 0.7 0.0 0.0 0.0 0.8 1.8 0.3 0.0 0.0 0.3 5.5

OV Ell 10 o.lf a 0 IJ a a a 0 0 0 0 It 5 If 0 0 0 13
III 0.0 0.0 0.0 0.0 O.Q 0.0 0.0 0.0 0.0 0.0 0.5 0.7 0.5 0.0 0.0 0.0 1 .8
I 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.7 0.5 0.0 0.0 0.0 1 .8

ALL SP EEO S 23 ~5 L2 75 58 90 'i 1 57 29 30 S5 75 28 1& 17 30 727
&11 3.2 3." 3.0 10.3 7.9 13.2 12.5 7.8 11.0 If. I 7.5 10.3 3.8 2.2 2.3 ".1 99.6
121 3.2 3.11 3.0 10.3 7.9 13 .2 12.5 7.8 If.O If.l 7.5 10.3 3.8 2.2 2.3 ".1 99.6

• 1 J =P ER CEN T· OF ALL (,OCO 06 S F liR 1H IS PAGE
I 2 J =P ERe EN 1 OF n: (: 000 OflS rOR THE PERIOD

730 Goon HRS 3 HP.5 C O.If peH I. E55 THAN u.3' JIlIPS HII MRS IN THE lIME PER 100 98.1 PCT DATA IUCOIERY



, Table 23,. Distribution ·of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, April 1979

D IR ECT ION
SPEED &"P St NNE NE E~E E ESE SE SSE S SSW sw wsw W WNW NW NNW N TOl AL

" ~

0;.3- 1 ,.;it', Ii 0 3 3 .. 1 2 2 2 " 1 3 " 1 3 1 "", &1) O~6 0.0 0.1f 0.1f 0.6 1.0 0.3 0.3 0.3 0.6 0.1 0." 0.6 0.1 0 ... 0.1 0.5
& 2. 0.6 0 • .0 o~ .. 0~'1 0.6 1.0 0.3 0.3 0.3 0.6 0.1 0." 0.6 0.1 0." 0.1 6.5

1.5- 3.p It 8 5 10 21 19 13 21 10 11 12 3 3 1 10 It 161
II. 0.6 1.2 o.j I.S 3.1 2.8 1.9 '1.0 1.5 1.6 1.8 0.1t 0." 1.0 1.5 0.6 2'1.8
& 2~ P',6 1.2 0.1 1 .•5 3.1 2.8 1 .9 '1.0 1.5 1.6 1 .8 0.'1 0." 1.0 1.5 0.6 2'1.8

3.1- 5.0 2 1 12 12 "3 61 31 11 10 1 10 5 9 3 3 3 235
lIt 0.3 1.0 1.8 1.8 6.'1 9.1 '1.0 2.S 1.5 1.0 1.5 0.1 1.3 0." 0." 0." 3'1.9
( 2» ,0.3 1 •.0 1.8 1.8 6.1f 9.1 '1.6 2.5 1.5 1.0 1.5 0.1, 1.3 0." 0." 0." 34.9
\ ..'1-

'"~ ~ t .. "

N 5.1- ,8 •.0' ;8 3 13 20 18 31t 15 3 1 10 1 6 .. 0 1 .. 153..., 11. 1.2 a.'I 1.9 3.0 2.1 5.0 2.2 0.'1 0.1 1.5 1.0 0.9 0.6 0.0 1.0 0.6 22.7
IZ. ,1.2 0.4 1.•9 3.0 2.1 5.0 2.2 0.4 0.1 1.5 1.0 0.9 0.6 0.0 1.0 0.6 22.1

;','
8.1-1.0,.,'1 P 0 11 3 0 5 4 0 0 1 7 9 5 2 3 0 50

'I 1 ) 0.0 0.0 1.6 0.4 0.0 0.7 0.& 0.0 0.0 0.1 1.0 1.3 0.7 0.3 0." 0.0 7."
12) ,0~9 0.0 1.& 0.4 0.0 0.1 0.6 0.0 0.0 0.1 1 .0 1.3 0.1 0.3 0 ... 0.0 1."

ow Ell 10 ..... .0 0 0 0 0 0 0 0 0 0 6 11 " 0 3 0 21t
'11» 0.0 o~o 0.0 il.a 0.0 0.0 0.0 0.0 0.0 0.0 0.9 1 • & 0.6 0.0 0." 0.0 3.6
& 2. 1).0 0,.0 .0.0 0.0 0.0 0.0 0.0 0.0 0.0 D.!) 0.9 1.6 0.6 0.0 0.'1 0.0 3.6

ALL SP_EEO~ 1.13 18 "'I '18 86 12& &5 '19 23 33 "3 31 29 13 29 12 &73
, 't 1. • 7 2.1 6.5 7.1 12.8 18.1 9.6 7.3 3 ... ".9 6." 5.5 " .3 1.9 " .3 1.8 99.9

. -~
Th" .1 - '2.7 6.5 7.1 12.8 18.1 9.& 7.3 3." ".9 6 ... 5.5 '1.3 1.9 ".3 1.8 99.9

: :"~~ ., "
&It =PE.R,C,(N T Of All ,f. oeo 08 S r CR TH 1!1 P AEE
12) =PERCENT Of All 6000 08S FOR THE PERIOD

67'1 GOOD HR!I 1 HilS I .. 0.1 PCU L E!lS THAN ;) .3 ,.,PS 720 HRS IN THE 11"[ P Ell 100 93.6 PCT DATA RECOVERY



Table 24. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, May 1979

DIRECT ION
SPEED (/'IPS 1 NNE HE ENE E ESE Sf: SSE S ssw SII wsw II WNW Nil NNII N TOTAL

0.3- 1." 3 1 " 3 3 3 5 2 5 3 1 2 3 1 1 2 "2
CIJ 0.5 0.2 0.6 0.5 0.5 0.5 0.8 0.3 0.8 0.5 0.2 0.3 o.s 0.2 0.2 0.3 6.5
( 2 t 0.5 0.2 0.6 0.5 0.5 0.5 0.8 0.3 0.8 0.5 0.2 0.3 0.5 0.2 0.2 0.3 6.S

1.5- 3.0 b 13 6 10 20 23 21 23 18 b 9 6 7 5 6 13 192
lIt 0.9 2.0 0.9 1.5 3 .1 3.6 3.2 3.b 2.8 0.9 1.1t 0.9 1.1 0.8 0.9 2.0 29.7
I ~ 1 0.9 2.e 0.9 1.5 3 .1 3.b 3.2 3.b 2.8 0.9 1.1t 0.9 1.1 0.8 0.9 2.0 29.7

3.1- 5.0 10 5 1 13 3& 1t9 33 23 19 11 3 16 7 6 10 9 251
lIt 1.5 a.!! 0.2 2.0 5.& 7.& 5.1 3.b 2.9 1.1 0.5 2.5 1.1 0.9 1.5 1.1f 38.8
I 21 1 .5 0.8 0.2 2.0 5.b 7.6 5.1 3.b 2.9 1.7 0.5 2.5 1 .1 0.9 I.S 1.1t 38.8

N 5.1- 8.0 7 3 1 .. 15 q2 17 5 12 6 " 6 3 2 3 11 1 ..1
ClO (1) 1 .1 0.5 0.2 O.b 2.3 &.5 2.& 0.8 1.9 0.9 0.6 0.9 0.5 0.3 0.5 1.1 21.8

I ,,) 1 .1 0.5 0.2 D.b 2.3 b.5 2.& 0.8 1.9 0.9 0.6 0.9 0.5 0.3 0.5 1.7 21.8

8.1-10.'4 0 1 1 C 0 3 1 0 1 5 3 a a 0 a a 21
tl) 0.0 D.2 0.2 'J.o D.a 0.5 0.2 0.0 1 .1 0.8 0.5 0.0 0.0 0.0 0.0 0.0 3.2
(2J 0.0 0.2 0.2 0.0 0.0 0.5 0.2 0.0 1 .1 0.8 0.5 0.0 0.0 0.0 0.0 0.0 3.2

OY ER 10.4 a 0 a a 0 J 0 0 0 a 0 a 0 a a 0 a
(1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I 2) 0.0 0.0 0.0 :l.0 o.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ALL SP£~OS ~b 23 13 30 714 120 17 53 bl 31 20 30 20 lit 20 35 61f7
III q.o 3.6 2.0 ".6 11 ." 18.5 11 .9 8.2 9." If.8 3.1 ".6 3.1 2.2 3.1 5 ... 100.0
( 21 q.o 3.b 2.0 ".b 1 1 ." 1 8.5 11 .9 8.2 9.11 If.8 3.1 11.6 3.1 2.2 3.1 S.If 100.0

( 1 ) ::p ERe Etn Of All Goon OB S r OR TI1 IS PAGE
( <' J ::P ERe IO:N T Of All GOCO OB S roq TH~ PERIOD

61t1 GOOD HRS Q HRS C O.D PCT) LESS THAN 0.3 MPS 7q1t HRS IN TH E T H1E PER 100 81.lJ PCT oAlA ~ECOVERY



Table 25. Distr ibution of Wind Directions and Speeds at the WIPP

Site, Stability A, June 1, 1977-May 31, 1979

OIHCTION
SP tEO 4 HP SI NN E NE ENE E ESE Sf. SSE S ssw SII WSW III loiN II NW NN II N TOT Al

C.3- 1>. cj 13 10 17 12 20 2b 28 3!l 35 39 27 28 23 25 17 12 366
4It 0.2 0.2 0.3 0.2 0.3 O.If a.5 0.6 0.6 'l.7 0.5 0.5 0.4 0.4 0.3 0.2 6.3'
t 2) 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1 2.3'

1 .5- 3.0 If If 39 39 'IS 109 I'll 153 Z.,7 21Z 1,21 92 76 b7 86 79 64 1640.. J

(1) 0.8 3.7 0.7 0.8 1 .9 3.3 ,Z.b 3.9 3 .1 2.1 l.b 1.3 1.2 1.5 1 • If 1 .1 28.It
4 2) 0.3 0.2 0.2 iJ.3 a.7 1 .2 1 • a 1 • 'I 1 .3 0.8 O.b 0.5 O.If 0.5 0.5 o.It 10.It

3.1- 5.0 51 58 b5 97 95 25 .. 3'1 :) If15 218 1 as 102 98 64 97 70 55 2234
11) 0.9 1.0 1 .1 1 .7 1 • b 4.'1 6.7 7.2 3.8 1.8 1.8 1.7 1 .1 1.7 1.2 1.0 , 38.6

, ,I 2) 0.3 J.If O.If J.& O.b 1.b 2.S 2.6 1 • If 0.7 O.b 0.6 0.4 0.6 0.4 0.3 1".2

I'.) :; .1-, !!.o '15 41 b'l 6& :?3 116 214 145 66 58 91 115 36 22 34 59 1195
\D III 0.8 3.7 1 .1 1 .1 :J.If 2.0 3.7 2.5 1 .1 1 .0 1 .6 2.0 0.6 0." 0.6 1.0 20.7

12 t ,0.3 oJ.3 (1.11 'J.lI 0.1 0.7 1 • If 0.9 0.4 D.'I 0.6 0.7 0.2 001 0.2 0.4 7.6

8.1-10.4 2 7 15 g 2 1 <: 1~ 5 10 18 If5 77 16 12 13 5 262
Il) 0.0 J .1 0.3 ;) .1 0.0 0.2 0.3 J.l 0.2 J.3 0.8 1 .3 0.3 0.2 0.2 0.1 ".5 '
I 2) 0.0 Q.D 0.1 :) .1 0.0 0.1 0.1 0.0 0.1 0.1 0.3 0.5 0.1 0.1 o ~1 0.0 1.7

OV EP 1') ,.4 0 3 2 1 a 1 0 0 J 0 13 35 11 0 6 3 75
Ii) 0.0 0.1 0.0 0.0 a.J a.o 0.0 0.0 0.0 J.o 0.2 0.6 0.2 0.0 0.1 0.1 1 .3
I 2) 0.0 U.O 0.'1 1.0 O.ll 0.0 0.1) 0.0 0.0 0.0 0.1 0.2 0.1 0.0 0.0 0.0 0.5

AL L SP [[0 S 155 158 2G2 229 2'1':1 600 80J 322 Ii '11 3"1 37 J "29 217 2112 219 19 lJ 5772
11) 2.7 2"1 3.5 4.C 4.3 IJ.'I 13 .8 14.2 9.11 5 .~ 6.11 7.4 3.8 4.2 3.8 3.4 99.8
I 2) 1 ; Cl 1. a 1 .3 1'.5 1 .6 3.8 5 .1 5.2 3.4 2.2 2.3 2.7 1 • If 1.5 1 ." 1.3 3&.6

tl'I=P£RCENT OF' ALL "GOOD OR S fOR TI-'15 PAGE
I 2) =P ERCENT OF ALL GOOD OF S FO~ TH [ :> ER I vD

57R2 HR S ON THIS PAGt: 1'J HR S I 0.2 P CT ) LES~ 1 Ii AN C.3 MPS I fJ .1 PCT OF ALL HRSJ



Table 26. Distribution of Wind Directions and Speeds at the WIPP
Site, Stability a, June 1, 1977-May 31, 1979

oliHCTION
SF EED HIPS' NNE NE ENE E ESE SE SSE S SSW 511 wsw W WNW NIII NNW ~ lOTAL

C.3- 1." 1 1 1 0 [) 3 2 2 3 1 3 .. 1 3 3 2 30
111 0.& 0.& 0.6 0.0 0.0 1.7 1 .1 1 .1 1.7 0.6 1.7 1.3 0.6 1.7 1.7 1.1 17.2
(2) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

1 .5- 3.11 14 0 1 5 b 5 5 & 1 3 0 & 14 3 .. 3 5&
11) 2.3 0.0 0.6 2.9 3.14 2.9 2.9 3.14 0.6 1.7 0.0 3." 2.3 1.7 2.3 1.1 32.2
(1) 0.0 (l.0 0.0 (l.0 o.a 0.0 0.0 0.0 0.0 (l.O 0.0 0.0 0.0 0.0 0.0 0.0 0.4

3.1- 5.0 1 2 9 6 14 ~ 8 14 a 2 0 1 0 o· 0 a "6
11) 0.6 1 ~ 1 5.2 3." 2.3 5.2 14.6 2.3 0.0 1 .1 0.0 0.6 0.0 0.0 0.0 0.0 26."
III 0.0 J.o 0.1 0.0 a.o :1.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

w 5 .1- 8.3 2 '1 Z 5 2 3 5 D 1 2 0 1 Q 1 1 3 280
111 1 .1 J.O 1 .1 2.9 1 .1 1.7 2.9 0.0 0.& 1 .1 0.0 0.6 0.0 0.6 0.& 1.7 lE•• I"
121 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0 O.ll Q.O 0.0 0.0 0.0 0.0 0.0 0.0 0.2

!:i.I-I0.'I 0 0 2 3 1 1 0 0 0 'J a 1 1 a 0 0 9
ell 0.0 :J.o 1 .1 1 .7 O.b O.b 0.0 J.O D.G J.O 0.0 0.6 0.6 0.0 0.0 0.0 5.2
I ;> l 0.0 0.0 0.0 0.0 0.0 o.iJ 0.0 0.0 o.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

O~ ER 10.'1 0 a 1 1 J a 0 a iJ a a 1 0 a 0 1 ..
«1 I 0.0 J.e o.~ 0.6 0.0 0.0 0.0 a.o 0.0 o.a 0.0 0.& 0.0 0.0 0.0 0.6 2.3
In 0.0 0.0 0.0 Q.O 0.3 0.0 J.O 0.0 0.0 o.a 0.0 0.0 0.0 0.0 0.0 0.0 0·0

AL L 51' HOS 8 3 1 b 20 13 21 2,] 12 , 8 3 1 'I 6 7 8 9 173
fll 14.6 1.7 9.2 11 .5 7.S 12.1 11 .5 0.9 2 .~ ".b 1 • 7 8.0 3." ".0 14.6 5.2 99.1f
121 0.1 J.o 0.1 0.1 n .1 0.1 001 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.1 1 .)

«1 , ::P ERe EN T or ALL GOOD OP S FOR THIS PACe:
I 2' =P E. RCEt\ T OF ALL GOO[l 01', S F" OP TH t: PERIOD

17'1 HI\' S O~l ntIs PAGE 1 HRS I D.b peT! LESS T>iAN 0.3 1'\P5 I 0.0 pel OF All HRSl



Table 27. Distribution of Wind Directions and Speeds at the WIPP

Site, Stability C, June 1, 1977-May 31, 1979

o IHeT ION
SPEED &HP S, NN E NE EN E E ESE SE SSE S ssw sw' wsw W WNW NW NNW 'N TOT'Al

0.3- 1. II 1 a a a J a 0 1 Q 2 1 1 1 0 a a 7
11' 1 .1 0.0 0.0 0.0 0.0 0.0 0.0 1 .1 0.0 2.2 1 .1 1 .1 1 .1 0.0 0.0 0.0 7.5'
&2 ) 0.0 ,,,;).0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1 .5- 3.1) 1 5 0 a 2 4 4 3 2 2 1 1 a 2 2 1 30
(1) 1 .1 j.4 0.0 0.0 2.2 4.3 4.,5 3.2 2.2 2.2 1 .1 1 .1 0.0 2.2 2.2 1 .1 32.3
( 2) 0.0 0.0 O.l) O.J a.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

3.1- 5.J 3 4 3 2 :; 5 5 2 2 1 1 1 a 1 a 1 34
(11 3.2 4.3 3.2 2.2 3.2 5.4 5.4 2.2 2.2 1 .1 1 .1 1 .1 0.0 1 .1 0.0 1.1 3&.6
( 2' 0.0 0.0 o.n 0.0 O.J J.O 0.0 a.o 0.0 a.o 0.0 0.0 0.0 0.0 0.0 0.0 0 .. 2

w .s .1- s.o 3 a 2 3 1 0 0 a 0 2 a 2 0 1 0 0 14.... 11) 3.2 J.O 2.2 3.2 1 .1 ':l.a 0.') a.o 0.0 2.2 0.0 2.2 a.n 1.1 0.0 0.0 IS .1
( 2' 0.0 0.0 0.0 a.o o.a 'J.a 0.0 0.0 o.J il.O 0.0 0.0 0.0 0.0 0.0 0.0 0.1

&.1-10.4 a a 2 2 J 1 a 0 a 1 1 a 0 0 a Q 7
IlJ 0.0 J.a 2.2 2.2 o.a 1 .1 0.') 0.0 0.0 1 .1 1 .1 0.0 0.0 0.0 0.0 o.n 7.5
( 2) 0.0 J.O 0.0 C).O 0.0 J.G G.J a.a o.~ J.O 0.0 0.0 0.0 0.0 u.a U.l) 0.0

OV EP 10.4 a a a 0 J a a a ') G a 1 a 0 a 0 1
(IJ (J.O 0.0 0.0 0.0 ::l.a 0.0 0.0 0.0 O.J 0.0 a.o 1 .1 0.0 0.0 0.,0 0.0 1 .1
• 2 J 0.0 0.0 0.0 l.O O.J O.ll J.O 0.0 J.;) 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0

All !>PHDS 3 9 7 7 0 1 J .Q 6 4 8 4 & 1 4 2 2 93
OJ 8.6 9 .7 7.5 7.5 6.5 10. S 9.1 6.5 4.3 9.6 q.3 &.5 1 .1 4;3 2.2 2.2 100 .0

.(2) 0.1 O. ] a.o 0.0 J.O 0.1 0.1 lI.O Cl.O 0.1 o.a, 0.0 0.0 0,.0 0.0 D.a O.b

II J ::PERCENT OF ALL GOOD OB 5 FOR TH g p 116::
• ;;: J ::1' £ RCEN T OF ~LL GOOD OB S rOi? TH E .PER 100 ~-

93 HR S ON i'iI SPA GC I). H;( S ( 0.0 P C1 J L£ 55 T~A!Ii 0.3 MPS • 0.0 PCT OF AlL HR S)

-'II



Table 28. Distribution of Wind Directions and Speeds at the WIPP
Site, Stability D, June 1, 1977-May 31, 1979

DIRECTION
SPEED ("P S) NNE NE ENE E ESE Sf SSE S SSW SW WSW W WNW NW NNW N TOTAL

0.3- 1.1f " 3 5 2 5 2 6 5 S 8 7 5 7 3 4 It 75
(1) 0.6 0.1t 0.7 0.3 0.7 0.3 0.9 0.7 0.7 1.2 1.0 0.7 1.0 0.4 0.6 0.6 11 .2
( 2) 0.0 0.0 ·0.0 0.0 0.0 0.0 0.0 0.0 o.a 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.5'

1.5- 3.0 5 8 7 13 24 25 20 15 18 9 8 2 It 6 5 5 IH
(1) 0.7 1.2 1.0 1.9 3.6 J .7 3.0 2.2 2.1 1.3 1.2 0.3 0.6 0.9 0.7 0.7 26.0
12) 0.0 () .1 0.0 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 1.1

3.1- 5.0 13 13 27 27 27 31 25 2a 8 4 4 6 2 1 1 1 218
ell 1.9 1.9 If.a 4.0 If.O 1f.6 3.7 1t.2 1.2 0.6 0.6 0.9 0.3 0.1 ,.0.1 0.1 32.6
I 21 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 ,).0 0.0 0.0 0.1) 0.0 0.0 0.0 1 ."

w 5.1- B.G 9 7 2~ 32 14 11 15 7 '2 2 7 7 1 If 2 5 150
N 111 1.3 1.0 3.7 If.B 2.1 1.6 2.2 1.0 0.3 0.3 1.0 1.0 0.1 0.6 0.3 0.7 22.5

( 2' 0.1 .:J.D 0.2 0.2 0.1 0.1 0.1 J.o 0.0 a.o 0.0 0.0 0.0 0.0 0.0 0.0 1.0

S.1-l0.1f 1 2 11 10 2 2 '2 1 0 1 2 1 1 0 1 a 37
C1) 0.1 0.3 1 • f> 1.5 0.3 0.3 0.3 0.1 0.0 C1.1 0.3 0.1 0.1 0.0 0.1 0.0 5.5
121 0.0 ].0 0.1 ].1 /).0 0.0 0.0 0.0 0.) ).0 0.0 0.0 0.0 0.0 Q.o 0.0 0.2

OVER 10.4 0 0 6 1 1 J J 0 'J C a 2 1 0 0 1 12
(1) 0.0 0.0 0.9 .:J .1 0.1 0.0 0.0 G.o 0.0 0.0 0.0 0.3 0.1 0.0 0.0 0.1 1.8
12' 0.0 0.0 0.0 J.o 0.0 0.0 0.0 CI.D 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.1

Al L SPEEDS 32 33 81 85 73 11 be 56 33 24 . 28 23 16 14 13 16 666
«1) If.a 4.9 1 '2.1 12.1 10.9 10.6 10.2 a.1f If .iI 3.b 4.2 3.4 2.4 2.1 1.9 2.1t 99.7
12) 0.2 0.2 0.5 J.5 0.5 0.5 0.1f J.1f 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 1f·.2

11 • =P ERe EN T OF ALL GOOO 0'3 S FOR THIS PAGE
«2)=PE.RCEIIIT OF All GOuO OR S FOR THE. PERDO

668 HR S ON THIS PA:iE 2 HR S ( C.3 pel) LESS PfA~ e.3 HPS , 0.0 !>CT OF All HRSI



Table 29. Distribution of Wind Directions and Speeds at the WIPP
Site, Stability E, June 1, 1977-May 31, 1979

DIIlECT ION
SPEED • "PSt NNE NE ENE E ESE SE SSE S SSII 511 wsw W WNW ' Nil NNW N TOT At.

0.3- 1 ... .. b 7 7 10 11 11 7 'i 6 9 7 9 .. 10 9 132
flt 0.3 0 ... 0.5 0.5 0.7 1.2 0.8 0.5 O.b 0." 0.6 0.5 0.6 0.3 0.7 0.6 9.1
.2t 0.0 'J.O 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1 0.8

1.5- 3.0 11 15 12 20 49 68 31 43 11 9 8 7 .. 16 12 12 33'f
flJ 0.8 1.0 0.9 1 ... 3.t! 11.1 2.1 3.0 1.2 0.6 O.b 0.5 0.3 1.1 0.8 0.8 23.0
( 2) 0.1 0.1 0.1 0.1 0.3 0.4 0.2 !l.3 0.1 0.1 0.1 0.0 0.1) 0.1 0.1 0.1 2.1

3.1- 5.0 31 42 JII 38 62 III b2 42 8 11 3 7 2 1 lit 22 1t96
flt 2.1 2.9 2.3 2.6 If .3 1.6 4.3 2.9 0.6 0.8 0.2 0.5 0.1 0.5 1.0 1.5 3,..:?
( 2t 0.2 0.3 0.2 1).2 o.q 0.1 0.1l 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 3.1

w 5.1- a.o 17 21 40 1f1 110 61 S6 9 4 4 .. 16 4 .. 5 19 351
w (lJ 1.2 1.9 2.8 2.8 2.A 4.2 3.9 0.6 0.3 0.3 0.3 1.1 0.3 0.3 0.3 1.3 2,..2

(2t 0.1 0.2 0.3 0.3 . 0.3 0.4 0.1f 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 2.2

8.1-10.1f 1 9 31 19 3 10 13 0 3 2 3 3 7 2 1 5 106
(1) 0.1 J.b 2.1 1.3 ').0 (\.7 0.9 0.0 o.Q l) .1 0.2 0.2 0.5 0.1 0.1 0.3 7.3
( 2 t 0.1) 0.1 0.2 J.l G.J 0.1 0.1 o.u 0.0 J.O 0.0 0.0 0.0 0.0 0.0 0.0 0.1

ov EP- 1C.4 0 3 11 S iJ 1 2 0 LJ a I) 4 2 a 2 a 30
,1) 0.0 iJ.2 0.8 0.3 1).0 0.1 0.1 0.0 0.') 0.0 0.0 0.3 0.1 0.0 0.1 0.0 2.1'
( 2t 0.0 0.0 0.1 0.0 a.o 0.0 0.0 0.0 0.0 ').0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

All SP HaS, 6i1 102 135 13::l 161 268 115 101 38 32 27 Illl 28 33 If .. &7 1 ""9
( 1» 1f.1f 7.0 9.3 9.0 11 .1 18.5 1 2.1 7.0 2.6 2.2 1.9 3.0 1.9 2.3 3.0 ".6 9'9.9
(n Coif LJob 0.9 a.8 I • .:1 1 .7 1 .1 O.b 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.1f 9.2

111=PERCENT Of ALL GOor ,Of: S F O~ THlS PAGE
C 21 =PE.RCENT Of All GOOD OP S FOR TilE PErIOD

1 IfS 1 HR S ON THIS PAGe: 2 HR S f C.1 PCT) lE.SS HAl. 0.3 HPS ( c.o pcr OF ,\ll HRSt



Table 30. . Distribution of Wind Directions and Speeds at the WIPP

Site, Stability F, June 1, 1977-May 31, 1979

DIUCTION
SPEED (KP S) NNE HE ENE E ESE :iE SSE S SSW 511 wsw W liN W Nil NN ., N TOTAL

\

0.3- 1 ... & 10 5 .. 22 1& 10 & 7 5 0 2 8 3 5 13 122
(1) 0.3 0.5 0.3 0.2 1 .1 0.8 0.5 0.3 0." 0.3 0.0 0.1 0.'1 0.2 0.3 0.7 6.Z
f 2) 0.0 0.1 0.0 0.0 0.1 0.1 0.1 0.0 0.0 :J.o 0.0 0.0 0.1 0.0 0.0 0.1 0.8'

1 .5- 3.0 9 22 9 23 9 .. 132 39 17 7 11 & 7 & .. 7 19 '112
(l) 0.5 1 .1 a.s 1.2 '1.8 6.7 2.0 0.9 0.4 0.6 0.3 0.'1 0.3 0.2 0.4 1.0 21.0
(2) 0.1 0.1 0.1 J .1 0.6 0.8 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 2.b

3.1- 5.0 15 27 33 3b 97 224 1'10 45 4 a 9 9 b .. 17 11 b77
IlJ 0.8 1." 1 .7 1.8 '1.9 11.4 7 .1 2.3 0.2 0.0 0.5 0.5 0.3 0.2 0.9 O.b 31f .5'
I 2 J 0.1 0.2 ('.2 .., ... O.b 1 .4 0.9 0.3 0.0 0.1) 0.1 0.1 o.a 0.0 0.1 0.1 4.3.....

w. 5.1- 8.0 7 15 31 .. 3 26 19 a 229 6 0 3 a 28 13 11 2 12 b37""', (1) 0 ... 0.6 1 .& 2.1f 1.3 10.1 11.7 0.3 0.0 0.2 0.'1 1.1f 0.7 0.6 0.1 O.b 32.5
t 2 J 0.0 ::J .1 0.2 :.).3 0.2 1.3 1 .5 0.0 0.0 0.0 0.1 0.2 0.1 0.1 0.0 0.1 If .0

8.1-1::1.4 0 If 10 If Q IIf 41 a 0 1 3 8 If a If 4 97
IlJ 0.0 3.2 0.5 3.2 0.3 0.7 2.1 0.0 o.a 0.1 0.2 0.4 0.2 0.0 0.2 0.2 If .9
( 2 J 0.3 J.o 001 J.O 0.0 a.1 0.3 0.0 0.0 0.0 0.0 0.1 0.0 a.o 0.0 0.0 O.b

OV ER 10.1f a 2 a a J 1 lJ 0 a 0 2 3 5 0 0 1 14
III G.o J .1 0.0 a.o 3.0 0.1 0.0 J.G 0.0 0.0 0.1 0.2 0.3 0.0 0.0 0.1 0.7
I ZJ 0.0 J.o 0.0 J.o Cl.O 0.0 O.U J.D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

ALL SP £EO S 37 60 88 115 239 5l:lS 459 74 18 20 28 57 1f2 22 35 . bO 1959
11 I 1 .Q 4.1 4.5 .5.9 12.2 29. a 23.1f 3.8 o .~ 1.0 1 • II 2.9 2.1 1.1 1.8 3.1 99.9
I Zl 0.2 J.5 0.& rJ.7 1 .5 3.7 2.9 . .].5 0.1 0.1 0.2 0.4 0.3 0.1 0.2 0.4 12 ... ·

~. .'

1·1 )'=PERCENT or All .Goon opo S r01 THIS PAGE
I 2 J =P ER CEN T OF All COUP OF S FOR TH [ PER 100

19b} HR 5 ON Tti I 5 PAGE 2 HR S I C.1 F' CT I L r 55 THAN 0.3 MPS C 0.0 peT OF AlL HRS)



Table 31. Distribution of Wind Directions and Speeds at the WIPP
Site, Stability G, June 1, 1977-May 31, 1979

DIRECT ION
SP EEO (MP S) NNE rolE ENE E ESE SE SSE S ssw SW WSW W WNW Nil NNW N TOT AL

0.3- 1.4 1f7 tiS 51 51f 170 223 91f 70 52 38 32 1f4 36 24 31 37 1068
(It 0.8 1.2 O.C! 1.0 3.0 4.0 1.7 1.2 0.9 0.7 0,.6 0.8 0.6 0.4 0.6 0.1 19.1i
• 2' 0.3 J.4 ,0.3 0.3 1 .1 1 • If 0.6 0.1f 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 6.8

1 .5- 3.G 90 13b 92 81f 2lf7 594 385 2Z1 105 11 82 1f9 53 b3 74 88 2431t
Cit 1.& Z.1f 1 ;& 1.5 1f.1f 10.5 &.8 3.9 1.9 1.3 1.5 0.9 0.9 1.1 1.3 1.6 113.2

" ( 2) 0.& 0.9 0.& 0.5 1.b 3.8 2.1f 1.1f 0.7 0.5 0.5 0.3 0.3 0.1f 0.5 0.6 15 .If

3.1- 5.0 75 82 H .. &3 157 492 312 S9 23 1f5 62 77 62 40 47 41 1719
I1t 1.3 1.5 1 .3 1 .1 2.a 8.7 5~5 1 .0 0.4 0.8 1 .1 1." 1 .1 0.7 0.8 0.8 30.5

, e 2) 0.5 13.5 0.5 1.1f 1 • () 3 .1 2.0 a.1f 0.1 0.3 0.4 0.5 0." 0.3 0.3 0.3 10.9

w
U1 5 .1- 8.1) It 11 1 A 20 17 92 tlZ 11 5 8 17 34 26 8 16 10 339

Cit 0.1 0.2 0.3 0.4 fl.3 1 • b e.7 0.2 0.1 0.1 0.3 0.6 0.5 0.1 0.3 0.2 6.0
(2) 0.0 iJ .1 0.1 0.1 0.1 0.6 0.3 0.1 0.0 0.1 0.1 0.2 0.2 0.1 0.1 0.1 2.Z

8.1-10.4 0 2 3 6 a 0 b 0 0 1 8 4 0 1 1 33
( 1) o.a D.O 0.1 0.1 o.n !l.o U.1 ,).0 D.J J.o 0.0 0.1 0.1 0.0 0.0 0.0 0.6
( :2) 0.0 J,' a 0.0 0.0 0.0 0.0 0.0 0.0 J.o J.o 0.0 0.1 0.0 0.0 0.0 0.0 0.2

ovER 10.1f 0 a 0 ' 1 J 0 0 0 c 0 0 0 0 a a a 1
(It 0.0 J.O 0.0 J.a 'l.a 0.0 o.G J.] J.o J.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0
f Z) J.O 0.0 o.J J.D 'J.o o.G a.J a.a 0.0 n.o J.o 0.0 0.0 0.0 0.0 0.0 0.0

All ~:::EOS 216 29 b 2t10 ?28 591 11101 33 '1 HI 106 162 19 .. 212 181 135 169 183 559 ..
CIt 3.8 5.3 4.3 1f.0 1 o.~ 24.9 1 11.9 b." 3.3 2.~ 3.4 3.8 3.2 Z... 3.0 3.2 99.3
,e2) ,1.1f 1 .9 1 .5 1.4 3.7 8.9 503 2.3 1.2 1 .0 1 .2 1.3 1 .1 0.9 1.1 1.2 35.5

( 1 t=P ER-C£~T ' OF ALL GOOD 0;:; s F" Of? THIS PAGE:
(2)=PERCEtH Of /ILL GOGO 01' S FOR THE PERIOD

5633 HRS ON THIS PA Gi:' - 39' HRS I C.7 PCl) lESS r'iAN e.3 ItPS c 0.2 peT OF All HRS)



Table 32. Distribution of Wind Directions and Speeds at the WIPP
Site, All Stabilities Combined, June 1, 1977-May 31, 1979

o nECT 10111
SPEED (liP :iJ NNE NE ENE E ESE SE SSE S ssw SII WSW II WNW Nil NNW N TOT At

0.3- 1 ... 7& 95 8& 79 227 287 1'51 125 111 99 79 91 85 62 70 71 1800
III 0.5 0.& o.s 0.5 1 ... 1.8 1.0 0.8 C.7 D.b o.s 0.6 o.s 0." 0." o.s 11 ...
I 2 J o.s 0.6 0.5 a.5 I.If 1.8 1. J 0.8 0.1 0.& O.S 0.& O.S 0.1f 0." (l.S 11.4

1 .5- 3.0 16 .. 225 100 19 a 531 1019 &37 528 3b2 22b 197 Ilf8 138 180 183 192 S080
(1' 1 • 'J 1.4 1 .:J 1.2 3.4 0., If .• a 3.3 2.~ 1.4 1.2 0.9 0.9 1 .1 1.2 1.2 32.2
I 2' 1.0 1 .4 1.0 1. Z 3.14 6.5 14.0 3.3 2.3 1 .4 1.2 0.9, 0.9 1 .1 1.2 1.2 32.2

3.1- 5.0 1 I}9 228 2..7 269 445 112b g42 59S 2b3 108 181 199 136 150 1 ..9 137 Slf21f
el, 1 .2 1.4 1.& 1.7 2.8- 7.1 &.0 3.8 1 •T 101 1 .1 1.3 0.9 1.0 0.9 0.9 31f.1f
I 2' 1.2 1.4 1 .& 1.7 2.8 7.1 b.J 3.8 1 .1 1 .1 1 •.1 1.3 0.9 1.0 0.9. 0.9 3 .....

IN 5 .1- a.::! 87 1 al 1b2 215 123 481 561 17£i 1d H 121 203 80 51 &0 108 Z7111
0'1 (1) J.b J.b 1.2 1 ... 1.8 3.1 3. & 1 .1 0.5 J.5 D.1l 1.l 0.5 0.3 D.4 0.7 11 .2

I 2' 0.& Cl.b 1 .2 1.11 0.8 3.1 3. & 1 .1 a .5 3.5 D.B 1.3 0.5 0.3 0.11 0.1 11.2

8.1-10.'1 " 24 74 52 5 4Cl 71 C> 11 23 55 98 33 III 20 15 551
11' 0.0 a .2 0.5 0.3 r).u 3.3 o.s 0.0 C.1 J.l ::J .3 0.& 0.2 0.1 Cl.l 0.1 3.5
( 2) 0.0 D.2 0.'5 J.3 a.a 0.5 0.') J.D 0.1 J.l 0.3 [J.b 0.2 0.1 0.1 0.1 3.5

OV [R 10.11 f) 11 20 9 1 3 2 f) a 0 15 46 19 0 8 & 131
(1, 0.0 J.l 0.1 0.1 ).3 D.;] D.G 0.0 a .'J 0.0 0.1 0.3 0.1 0.0 0.1 a.a 0.9
I 2 J 0.0 Jol 0.1 0.1 J.O 0.0 a.o J.O 0.0 D.C! 0.1 0.3 a .1 0.0 0.1 0.0 0.9

ALL SP EEOS ';20 6 €1 7b9 814 1332 2956 237 J Ilf32 825 595 65 If 785 1f91 If51 490 535 1570&
111 3.3 If.} If .9 5.2 8.5 la.8 15. a 901 5.2 3.3 If.l 5.0 3.1 2.9 3.1 3." 99.6
t 2' 3.3 11.3 11.9 5.2 8.5 18.8 15.0 9.1 5.2 3.8 4.1 5.0 3.1 2.9 3.1 3.4 99.6

( 1 ) =P ERe E~ T OF /ILL GOCO OP S FOR THIS P,\S::
( ,) =P ER CEN T OF ALL GOOD Of! S FOR THE PERIOD

IS 762 GOOD HRS 56 HRS t D.1f pen L [S5 HUN Q .3 i'll'S 11')20 H~S I~ TH E TIME PER 100 90.C PCT DATA RECOVERY



Table 33. One-Hour Frequency Distribution X/Q Values for the
WIPP Site

() OWN WIND o1ST AllfCE ~AX IMUM 5 peT 511 pcr
SECT OR (METER SJ CH I/Q CHIlO CH 1/0

( SEC PER cu~ Ie HET ER •

ssw 80S 0.11 UE-J2 0.28QE:-33 J .6J6t:-1)4
Sill 1305 0.110£-02 0.276£- 03 0.621 [-04

WSW 805 0.110E-02 0.265 (-03 0.421 [-04

• 805 0.110f.-02 0.276[-03 lJ .543 E-04

WN iI 805 O.11!J[-02 fJ.329E-03 'J. 6n (-04

NW 805 0.110[-02 O.2~~C"-03 ll.61'JE-04

"N ~ 805 0.110 [-02 0.230E-03 0.569 [-04
N 80~ O.11'J[-(]2 0.1.31 [-03 O.?79E-04

NN r:- aos 0.11 fJ [-Q2 O.25.E-G3 0.1 ~}3 ~~-:'4

tJ( 805 iJ.I1Gi::-J:? 8.263f-J3 0.102l-04
EN L 805 O.110E"'-C2 0.277::':-O? o.244E-04

[ 805 0.110[-'.]2 ().25 1:;-03 [J .255 [-04

ESE ..-~ ~t: iJ .J?if-"J3 'J • 2 f) 0: - J 3 J.5J8::-Q4' .• ~J

Si.:. o iJ5 J.1J.'JF.-G2 n.257[-:..I3 J .45 2[-1'..
sse 605 G.l1')[-,)2 () • 27 0:::-03 ;].519C-,)4

<' 005 lJ.I10(-07 iJ • 25 .] F- J 3 a .5 80:::- 04....

All j.l1 IJ[-J2 1.263(-03 G .5 31 i::-(jt..

37

"



Table 33. One-Hour Frequency Distribution )(/Q Values for the
WIPP Site (Continued)

D OV~fWIND DISTANCE MAX IHU" 5 peT 50 pcr
SECT OR 'f HET Eif S) Ot 1/0 CHI/Q CH 1/0

( SEC PER CUB IC HET£IH

55 .. 2 '11 l! o • itS uE- 03 0.11 U:-03 0.139[-04
SW 2414 o .~S (J[- 03 0.95 4(- 0 .. C.lS6E-04

WSW 24114 0.450£-03 O.930!::-04 0.857 E-G5
W 2414 o•itS 0[- 03 0.902E-U4 O.104E-04

"WN W 2411\ (J .45l.tE-03 (J.133F-Q3 D .1 92 E-e4
NW 2414 o.450 E- ('3 O.~ 2"1:: - e /.t D.l~,3E-Ott

N~ w" 24Pf 0.450 [- 03 O.7QOF.-ul.f a.108[-ULf
N 2'U .. C.450[-03 0.820[-U4 0.425 [-05

Nt. [' 2'11 4 U."5 (i [- 03 O.940r-G4 u 01 1~ [-(15

N£ 241 .. o.I.~ Cl- J3 O.':#53f-G4 0.119 bE-OS
EN E 2414 (J.lf~p[-03 0./144[-;:14 lJ ... U5 £-05

E 241it U.';S0f-Q3 0.839E-04 U .4~ 2[-05

[S[ 2lfltf G.3 3 eF- 03 a .=i 05 f- ~ I, U.I ;Jt;,f.-P4
'SE 7414 u...50[-03 o .aonE-G!~ (; .917 [-OS

SSE 2'lltf U.us n [-J3 0.904(-04 G.113E-U4
~ 2414 U. itS 0 [- 03 0.820r-04 0.116[-04

AL l ll.L!5fiE-03 J.9a~E-C" C.114r.:-C'l

Q



Table 33. One-Hour Frequency Distribution XIQ Values for the
WIPPSite (Continued)

OOW,.W tHD DISTANCE "AX IMUH 5 PCT 50 peT
SECT OR HIETER SI CH 1/0 CHI/Q CH 1/0

I SEC PER CUB IC HET [R)

SSW 4023 0.293 E-03 0.697E-04 0.703'£-05
SW 4023 o .2CJ3 E-03 0.615[-04 0.797 £-05

WSW 11023 0.2'13 E-03 Q.586E-Olf Cl.1f12E-05
W If 023 :J • 29 3 E- i)3 0.563E-04 0.5 00 (-as

liN W 4023 O.29::E-Q~ J.B80[-OLf 0.1 'lIH:-04
Nil 4023 0.293 E- Q3 0.592[- 04 0.780(-05

NNW 4023 G. 293 ~- 03 0.47 m:-G4 IJ .518 (-05
N 4021 o .29 3 E~ Cl3 J.521E-04 :).179 £-05

''IN£ 4023 J.2cUE-03 U.58JE-Ctl C .6'~3 C:-06
Nt 4Q23 J .2H ;:'-03 J.b13E-OIf G.223E-05

ZN( 4023 t) .293 £-13 a•>5 J f -I) II J .1 30 £-Q5
E 4023 f). 293 f- J3 J.511':-0" 0.198£-35

:SC 4023 :.220:::-]3 'J .5 6 ;:, f - I] 4 o.S 15 [-05
SE IIQ:?! iJ.2i3'::-J3 ').:';O~[-Oq a .q49 [-05

S~E 4')2 3 iJ.Z??f-03 D.5b?c.-OIf i.l.5 ~ I.l [-as
s If 023 C ~21')3 E-03 0.515[-04 C.5 66 €-15

~Ll J •.?? 3 (-: 03 J.S8Dt.::-Ci4 ,n.5 54,£-05



Table 33. One-Hour Frequency Distribution X/Q Values for the
WIPP site (Continued)

OOWNWIND OISTANC[ MAX IHUM 5 P Cl 50 peT
SECT OR t KEf fR 51 CH I/O CHl/fJ CH 1/0

( SEC PEP cue IC MET ER I

SSw 5633 0.219 E-03 0.521E-04 0.454[-05
SW 5633 C. 219 [-13 0.453[-04 O.S 11 [-05

wsw 5633 0.219E-03 0.43tfE-04 0.255 (-05
W 5 &33 0.219(-03 0.419[-u4 0.314[-05

WN \II 5 &33 n .219 [-,)3 0.679 (- 0 t. 0.&90 E-05
Nl.' 5633 C1.219E-03 !J.~43E-04 :.J .512 [-05

NN w 5 b33 0.219[-03 o.:nSE-04 0.323 E-'l5
N 5633 G.2H E-03 0.389[-04 0.104 (- 05

Nt-! E 5633 ~l. 21 <; [-03 0.427[-04 (j • 4 IDE- i) 6
Nt: 5633 U. il c;. E- 33 o.45 0[- 04 O.1.50[-O~,

EN E 563 :3 O.2!~f.-f)3 O.40GE-Q4 C.l 07 [-05
( 5633 :J.219E-n3 O.331E-OL! 0.118 f.- 05

[SE S 63 3 0.164[-03 f.) .L'20E-04 U.3 23 E-J~

Sf. 563'3 11.219[-r)3 0.391£-84 Q • "2 77 E-ll~,

SSt: 5033 0.219[-03 O. 42 ~E-04 0.3::;9 [-05
:i 5633 U.219E-O! 0.372E-04 0.359 (-05

ALL G.21liE-n3 1) .434[-04 0.350 E-OS

,40



Table 33. One-Hour Frequency DistributionX/Q Values for the
WIPP Site (Continued)

o OWNWINO DISTANCE MAX IHUH 5 PCT 50 PCT
SECT OR 'METERS' CH I/Q CHI/Q CH 1/0

( SEC PER CUB IC HET ER J

SSw 7 2~2 0.176(-03 a.q23~-04 0.315 (-05
Sw 7242 a.17 b [- 03 0.377[-04 0.370[-05

WSIII 1242 0.176[-03 0.349E-04 0.180 E- 05
W 1242 a 0176E-03 0.326E-OlJ 0.223 E-05

WN lid 7242 J .lli:>f"-03 0).521f[-04 0.526[-,):'
N~ 7242 0.176[-03 u.35 b~-JlJ lJ.367f:-05

',,1\1 \01 7242 :J.1'16£-:n 0.265£-:)4 0.230(-05
N 7242 J.176f-03 :J.·~O~[-O!.J J .6R5·[-06

~N C 7242 U.176E-'J3 o .:~3 3::-J4 G .. 256t:-:J6
t. [ 1242 0.'.7/):::--03 O.563r.:-J4 U .381 ;::-J6

£N[ 7242 G.. 176f.-J3 ~). 311 [- 04 0.725 E-06
t: 72.42 0.176:-03 ').297;:-84 0.825 [-06

ESE 72/42 J.l::2f.-r)3 O.327i-04 o .229 ~=- 05
c •. 724 ? 0.176;:::-]3 J.30",.:-J4 a .1 ~BE-~)5..II:..

SSE 7242 Go17bi:..-iJ3 J.333t:-G4 0.257[-05
S 1 Zt:,2 G.17 Ii [- 03 iJ.29?f-J4 C • 25 q t: - 05

ALL G.176[-G3 .].3411--04 0 .. 249 E- :15



Table 33. One-Hour Frequency DistributionX/Q Values for the
WIPP Site (Continued)

DOWNWIND DISTANCE "AX I"U" 5 PCT 5'0 pcr
SECT OR (METERS) eM I/Q CHIlO Of 1/0

( SEC PER CUB Ie KEY ER»

SSw 12070 0.111 [- 03 0.27se-04 o .Jbq [-05
sw 12010 G.111 [-03 0.235E-u4 O.192~-05

wsw 12070 0.111E-03 0.223E-04 0.891£-06
III 1 :?01 0 a.llIE-O! 0.19 Sf.-Oq 0.113 (-05

W~ w ! 201 0 U.111 f.-03 0.346[-04 0.233E-1)5

Nill 12010 iJ .! 1 1 F:- 03 0.224E-04 U.194 [-05
NN lia 12 ')10 ('.111£-03 O.164E-Oq 0.117E-')5

N 1201 a G.lll E-03 0.192E-0" o.298E-06

~N£ 1207 'J G.ll ~ [-03 0.2t2E-14 U.rIS [-D6
N[ 12071 :J.111 [-03 J.226f-Oq J.1.404[-06

£N E 12071 C.U1 E.-03 O.2t4E-OCf 0.326 £-06
£ 1207 a a.lltE-03 0.186[-J4 0.384 [-06

esc.: 1:: 01 fJ ,.J • '~J ~ E- 0 I~ U.2l)(lF-]4 f) .11S [-(15
.,. ~ 12G71 G.111(-03 0.19 '. f-J 14 J.C; 81 [-06..:>t:.

SSE: 1207 n C.llIE-03 J.213E-D4 C.l :"0[-05
':) 1207 a C.111 E-03 o .1" ll~-O4 :.J.I 31 (-as

Al.l [.111 E-03 o .21 dE: - 0 4 L; .1 27 !:- 05



Table 33. One-Hour Frequency DistributionX/QValues for the
WIPP Site (Continued)

oOWN III IND
SECTOR

DISTANCE
("ETERS'

PMX HWH
CH I/Q

5 P C1· 50 PCT
CHI/Q CH I/O

'SEC PER CueIC METER)

5S .. 24140 0.599E-04 O.13·9E-Q4 0.692E-06
SW 24140 a .:59.9 £:-1]4 o.1?3E-Ott 0.,S03E-06

WSW 24140 ;) .599 [-04 0.11 bE-Ott ·0.363 E-06
III 24140 iJ .599 £-04 O.102E-04 0.471 E-06

WN III 24140 o .!)'Jo) f-04 0.1132E-04 0.1 26 E- 05
Nii 241 LIO o .~9c;. E- 04 3.117F-01.I 0.1:31£-06

NNili 211140 0.599 E-]4 9.852E-05 o .4~3 (-06
N 24140 0.599E-04 0.100E-Q4 u.I 01 (-06

... ~ C 24140 O.599c-04 'J.llIE-Ll4 0.398£--]7
fJ E 24140 0.5991"- :]4 o .1l1~f-J4 C.145E-Qb

EN E :?!U40 J.5~9£-1)4 8.111£-04 0.111£-06
.:.. 2414 tJ fJ.5?91;:-rJ4 0.945[-05 O.IL/SE-Co

fSE ?414Q C.1.I5fJ'::-i14 1.10')[-1]4 C.479E-G6
s:: 2414 ,) C.5',>?F-J4 O.J9H.-Q5 _0.395 [-Of.

SSE 24140 0.5 9 'J ::: - ') 4 O..III~-04' 'O.526E-06
5 2lflllQ 0.399 [-04 O.~57::-05 ,0.534 E-06

ALL 0.59"::-04 Cl.11 LJE-:J4 0.521£-:16



Table 33. One-Hour Frequency Distribution X/Q Values for the
WIPP·Site (Continued)

o OWNW IND OISTA"fCE ",AX 1I1UH 5 PCT 50 PCT
SECT OR I HET ER S» CH I/Q CHI/Q Oi I/Q

I SEC PER cue IC "ETER J

ssw '10233 O.383'E-04 0.878£-05 o .368E-06
SW 40233 0.383 [-D4 0.803£-05 Ci .fJ4S (-06

WSW 40233 U.383 E-04 0.163E-0~ 0.195 (-06
W 40233 lJ.383 f- 04 o.649E-05 0.256E-06

WNW '~D23 3 a.3 83 J::-~4 0.11 4E-O" 0.711E-06
NW 40233 0.383 [-04 0.779;:-05 o .466E-06

~N W 40233 0.3 B? i:-Q4 U.53bf-OS 0.769 E-:1o
N 40233 i.l.38~£-Q4 J.647[-05 1.472[-01

!liNE 140 23 3 a .3l:3J E-()4 0.706E-05 0.1 '14£-01
N::: 40233 0.383f-04 0.74?E-05 0.114 £-07

EN L 40233 0.?'~?E-04 rJ.706c'--1J5 o .5 1 3 t. - "J1
E 40233 0.333 C- 04 0.603E-05 D.74fJE-D7

'\

ESE 4a23~ J.287(-14, 0.641E-05 '0 .2~9 (-Db
S£ 40233 J .3]:: E- Ott Q .6/f 4("'05 0.210[-06

SS: if 0 23 3 o oj 33 E-Dli O.711E:-05 J.279E-Jb
S 4023,3 0.383[-04 U.b46£-05 C .289 £-06

ALL u.3 a:? [-D4 0.146E'-05 o.286E-06

44



Table 33. One-Hour Frequency DistributionX/Q Values for the
WIPP Site (Continued)

D~WNWINO DISTANCE
SECTOR (METERS)

MAX rMUM 5 P C1 5 a PCT
CH IlacH I I Q CH I I Q

(SEC PER cua Ie: MET ER)

ssw 56327
SW 56327

loISW 56327
Ii 56327

WN iii 56327

"'''' 56327
104N !oJ 563Z7

1-1 56327

NN£ 56327
Nt: 56~27

ENE 56327
c. 56321

ESE ::'6327
Si. 56327

sst.. 56 3 2 7
s 56327

All

o.288 E-J4
o •28EE- .)4
O.28~[-[l4

u. 28~ [-04

C.28Rf-04
:) .28~f-Q4
,).2Q['ll-j)4
iJ.?q~f-Qq

J. ?a;~ [-04
O.:?8~~-l)4"

O.2R~E:--:]4

O.23fl(-('4

0.216£-1)4
].238[-04
J.23~[-nLf

D.2age-Ott

J.233E-J4

45

0.659[-05
0.6[3[-05
'J.5S2E-GS
11.47 ~C-O~.

J.854E"-05
0.570E-GS
G .:sq 3[- Ci~

U.4alE-C';'

J.S2~E-05

0.541[-J5
8.5131::-05
0.443::-0:>

O.481E-U5
C.Q9')[-05
0.:) 2') E-r):>

J.472E-OS

iJ.~4aF-05

0.251E-06
, 0.2'11£-06

U.13(jE-06
O.l7itE-D6

o.490£-U6
0.322 (-06
0.132':-06
O.21ttE-Q1

J .IllY [-Q7
0.445 (-J1
0.298£-07
C .477 £-07

J.l 69 £-lJE.
0.133E-06
O.1"BSE-'16
U.19 2 £-0]6

LJ.192E-06



Table 33. One-Hour Frequency Distribution X/Q Values for the
WIPP Site (Continued)

DOWNWIND DISTANCE "'ll"U" 5 PCt 50 PCT
SECTOR C"ErE~SJ ~IIO CHIlO CH I/O

f SEC PER CUB IC HETER t

SSW 12 .. 20 o .23I1E-04 0.53 ZE-05 0.18ZE-0&
Sill 7Z4Z0 o .234E-04 0.50 IfE-05 0.211 E-D&

WSW 1211Z0 0.234[-011 0."68E-05 0.961 £-07
W 12 .. 20 o .234E-04 O.380e:-05 0.1'32£-06

WNW 12420 o .234E-04 0.691 E-05 0.382E-06
HW 12 .. 20 0.234£-011 0.4S1 [-OS 0.243E-06

NNW 12 .. 20 0.234£-04 0.32"E-05 o .138E-06
N 72"20 Q.234£-04 0.384£-05 0.192£-01

~N£ 72420 0.234£-04 0.1121£-05 -0.999£ 10
NE 721120 Q .234(-04 J.423E-QS 0.328E-07

ENE 121120 a .23 .. E-04 O.411E-OS 0.213E-01
E 72420 0.234f-04 0.3& 11£-05 0.353 (-01

ESE 12"20 0.17&(-011 0.387E-05 0.125E-06
Sf 12420 a .23lfE-Oq 0.390':-05 0.1'01 E-06

SSE 72"20 0.23 .. (-04 0."20(-05 0.135 (-06
S 7242a 0.234E-OII 0.316£-05 U.1'15 E-06

ALL 0.234£-04 O.4S3E-as 0.1 .... E-06

46



Appendix I

CORRESPONDENCE ON ARCHAEOLOGY,
HISTORIC SITES, PRIME FARMLAND,

AND ENDANGERED SPECIES



Appendix I

90RRESPONDENCE ON ARCHAFDLOGY, HISTORIC SITES, PRIME FARMLAND,
AND ENDANGERED SPl!X::IES

The preparation of this environmental impact statement has required con­
sultation with government agencies about the archaeological, historic, and
agricultural values of, the land in the area of the WIPP site ,and about the
endangered species of plants and animals that might be found there. This
appendix contains copies of the official correspondence through which the
consultation was carried out.

From

M. L. Merritt
Sandia Laboratories

Thomas W. Merlan
New Mexico State

Historic Preservation
Officer

Colin A. Heath, Manager
DOE WIPP Program

William J. Murtagh
Keeper of the National

Register

Thomas W. Merlan
New Mexico State

Historic Preservation
Officer

William J. Murtagh
Keeper of the National

Register

D. T. Schueler, Manager
DOE WIPP Project

Thomas W. Merlan
New Mexico State

Historic Preservation
Officer

To

Thomas W. Merlan
New Mexico State Historic

Preservation Officer

M. L. Merritt
Sandia Laboratories

William J. Murtagh
Keeper of the National

Register

Thomas w. Merlan
New Mexico State Historic

Preservation Officer

William J. Murtagh
Keeper of the National

Register

Colin A. Heath, Manager
DOE WIPP Program

Thomas W. Mer:tan
New Mexico State Historic

Preservation Officer

D. T. Schueler, Manager
DOE WIPP Project

I-I

Date

November 15, 1976

February 16, 1977

No date

No date

April 28, 1978

No date

November 8, 1978

November 30, 1979



From

D. T. Schueler, Manager
DOE W1PP Project

Thomas W. Mer Ian
New Mexico State Historic

Preservation Officer

Thomas W. Mer Ian
New Mexico State Historic

Preservation Officer

D. T. Schueler, Manager
DOE W1PP Project

M. L. Merr itt
Sandia Laboratories

Albert W. Hamelstrom
State Conservationist
U.S. Department of

Agriculture

D. T. Schueler, Manager
DOE W1PP Project

Jerry L. Stegman
Acting Regional Director
Endangered Species Office
u.S. Fish and Wildlife

Service

Harold F. Olson, Director
New Mexico Department of

Game and Fish

To

Thomas W. Merlan
New Mexico .State Historic

Preservation Officer

D. T. Schueler, Manager
DOE W1PP Project

D. T. Schueler, Manager
DOE W1PP Project

Louis S. Wall, Chief
Western Division of

Project Review
Advisory Council on

Historic Preservation

Albert W. Hamelstrom
State Conservationist
U.S. Department of

Agriculture

M. L. Merritt
Sandia Laboratories

W. O. Nelson, Jr.
Regional Director
Endangered Species Office
U.S. Fish and Wildlife

Service

D. T. Schueler, Manager
DOE W1PP Project

D. T. Schueler, Manager
DOE W1PP Project

1-2

Date

March 21, 1980

Apr il 10, 1980

May 8, 1980

May 20, 1980

November 3, 1976

November 11, 1976

October 17, 1979

November 15, 1979

April 7, 1980



Sa.,~ia Laboratories
Albuquerque, New, Mex ico 87115

November 15, 1976

Mr. Thomas W. Merlan
State Historic Preservation Officer
State Planning Office
505 Don Gaspar
Santa Fe, New Mexico 87503

Dear Sir:

I am working on the environmental assessment for the pro­
posed Waste Isolation Pilot Plant east of Carlsbad. It has
come to my attention that we need a determination from you
as State Historic Preservation Officer on the existence of
any cultural resources that may exist on or near the pro­
posed project, and that the project may impact, and in
particular we need to know about the existence of any sites
on the State Register or being considered for the register
on or near our location.

I enclose a xerox copy of the report on the archaeological
survey of the central four sections of the area under con­
sideration, made by the Agency of Conservation Archaeology,
Eastern New Mexico University (ENMU) , and will send you a
copy of the formal report when it is printed. We have not
yet had an archaeological survey made of the necessary rights
of way, but intend to have one made in the near future.

I also enclose two maps; of the area, showing the proposed
withdrawal area for the proJects and the rights of way that
will be required for highway, railroad, and electric power
line access (other utilities will be routed over one or the
other of these rights of way). I should add that most of
the 28 square miles of withdrawal area is to be used merely
as a buff~r zone with no change in surface use. Only in the
central three square miles (included within the four square
miles of the ENMU survey) will there be mining, and all
surface facilities will be in a 100-acre plot on the edge
of this core area.

MLM: l151:vf
Enclosure
Copy to:
ALO W. P. Armstrong, wo/enc.

1-3

ALO
1140

?h~t.
M.'i L. Merritt, Supv.·
Environmental Assessment
Division rl15l

J. D. Shaykin, wo/enc.
W. D. Weart, wo/enc.



STATE OF NEW MEXICO

•\.~
STATE PLANNING OFFICE

GRACIELA (GRACe OLIVAREZ
STATE PLANNING OFFICER

GREER BUILDING
505 DON GASPER
SANTA FE. 87503
15051 827-2073

February 16. 1977

JERRY APODACJ
GOVERNOR

Mr. M.L. Merritt. Supervisor
Environmental Assessment Division. 1115
Sandia Laboratories
Albuquerque. New Mexico 87115

Dear Mr. Merritt:

With reference to your request for comments on cultural
resources which may be affected by the proposed Waste Isolation
Pilot Plant east of Carlsbad the report: A~ Arch~eo16gical

Recon~~is~a~C.dfSa~dia"L~b6~at.~i.~tL6~ B.d~~•• Bticl.ar
Waste Disposa"lFac"i"li"t"y, Ed"d"y" "Co'u~t"t,NewMex"ico by Jeffrey
Nielsen has been reviewed by this office.

The recommendations for mitigation of adverse effects on
cultural resources located by this survey should be followed
and avoidance of sites accomplished whenever possible. Sites
which cannot be avoided should be excavated or tested as
indicated in these recommendations "before clearance can be
granted. Those rights of way which have not yet been surveyed
should be surveyed as soon as possible so that recommendations
for the mitigation of adverse effects on any resources located
within these areas may be included in the overall mitigation
proposal.

Several of the sites located by the survey may meet the
criteria for eligibility for nomination to the National
Register of Historic Places. However. there are currently
no sites located within the 28 square mile withdrawal which
are entered in either the National Register or the State
Register of Cu~tural Properties.

Should you have any further questions regarding this
matter. please do not hesitate to contact this office.

Sincerely,

Thomas W. Merlan
State Historic
Preservation Officer

TWM: j f 1-4



Department of Energy
Washington, D.C. 20545

Dr. William Murtagh
Keeper of the National Register
Heritage, Conservation and Recreation Service
U. S. Department of the Interior
Washington, D. C. 20240

Dear Dr. Murtagh:

Your opinion respecting the eligibility of certain sites associated
with the proposed Waste Isolati.on Pilot Plant (WIPP), for inclusion
in the National Register, is hereby requested under the provisions
of 36 CFR 800.4(a)(2).

The Department of Energy (DOE) has been investigating a site in south­
eastern New Mexico for a deep geological repository. DOE will seek
congressional authorization for the WIPP and legislative action to
acquire land and rights-of-way needed. The WIPP will be licensed by
the Nuclear Regulatory Commission.

The WIPP will be used for the demonstration of safe permanent disposal
of transuranic wastes produced as a result of the United States defense
program. The WIPP will also be used for experiments related to the
permanent disposal of solidffied high level radioactive wastes.

The WIPP plans call for the use of 17,200 acres of Federal land and
1760 acres of State land for the site (and 691 acres for rights~of-

way). Construction would remove 487 acres of land from grazing tempo­
rarily and 448 acres for an extended period of tWle. Surface facilities
for radioactive waste handling will require about 100 acres above ground.
There will also be extensive underground handling and storage facilities
in the salt fo~ation at the WIPP site.

Mr. Thomas W. Merlan, State Historic Preservation Officer, State of New
Mexico, State Planning Office, Greer Building, 505 Don Gaspar, Sante Fe,
New Mexi.co, 87503, can be contacted for details concerning the review
performed by the State of New 1'1exico. T. Merlan stated, in a letter to
M. Merritt, Sandia Laboratories, on February 16, 1977 - "Several of the
sites located by the survey may meet the criteria for eligibility for
nanination to the National Registerof Historic Places. However, there
are currently no sites located within the 28 square mile withdrawal
which are entered in either the National. Register or the State Register
of Cultural Properties."

1-5



Dr. William Murtagh - 2 -

Report SAND77-7024, '~n Archaeological Reconnaissance of a Proposed Site
for the Waste Isolation Pilot Plant (WIPP)," Oc tober 1977, by Jeffrey
Nielsen, Agency of Conservation Archaeology, Eastern New Mexico University,
Portales, New Mexico, is enclosed for your use.

Your opinion concerning the eligibility of the sites associated with the
WIPP will be included in the Draft Environmental Impac t Statement now ,being
prepared by DOE for issuance in October 1978. If there are any questions,
we would be pleased to respond •

.;;;-'A~V-
Colin A. Heath
WIPP Program Manager
Division of Waste Management

Enclosure:
Report SAND77-7024

cc wlo encl:
T. W. Merlan, State Historic

Preservation Officer, NM

1-6



United States Depart~ent of the Interior
NATI~~~.?,;.t;t& s.£JtYl q&,.
WASJ:.:fIJI;tt~J!).d' ~.(<<J.I

IN U,LY U'ER TO:

B32-880
Mr. Thomas W. Merlan, SHPO
State Planning Office
Santa Fe, New Mexico 87503

'Dear State Historic Preservation Officer:

As you will note from the enclosed letter, we have received a request
for a determination of eligibility for inclusion in _the. National Register,, . .

pursuant to Executive Order 11593 or the National Historic Preservation
Act of 1966, as amended, as implemented by the procedures of the Advisory
Council on Historic Preservation (36 CFR 800).

Since determinations of eligibility are made in consultation with the
State Historic Preservation Officer, we would appreciate receiving your
opinion on the eligibility of the Pfoperty(s) which appear in the enclosed
material along with any documentation which.you have on it and its signifi­
cance within three weeks of receipt of this letter. Copies of documentation
submitted with the request(s) are enclosed for your review, as appropriate.

We look forward to hearing from you in the near.future. Please do not
hesitate to consult the National Register staff if you have any questions
concerning this property.

We appreciate your assistance in this matter.

Enclosure(s)

1-7



cc: Mr. Colin A. Heath
WIPP Program ~3nager

Division of W~ste Management
Department of Jnergy
Washington, D.~. 20545

Mr. Gregory J. Cavanaugh, Director \.
Division of Rell Estate and Facilities Management
Department of Energy
Washington, D.C. 20545
Attn: ~Mr. William R. Cochran

Advisory Council on Historic Preservation
Denver Office
Box 25085
Denver, Colorado 80225
Attn: Louis Wall

I-a



April 28. 1978

Dr. William J. Murtagh
Keeper of the National Register
National Park Service
1100 L Street, N.W. - Room 3209
Washington. D.C. 20005

Dear Dr. Murtagh:

This office has been requested by the Department of Energy to provide
an opinion on the eligibility for nomination to the National Register of
Historic Places of several archaeological sites located in southeastern
New Mexico.

The sites in question were located by an archaeological survey of a
four section area and related right-of-way which constitutes the core area
of the proposed ~Jaste Isolation Pilot Plant project. Information on the
survey. area, survey techniques, and descriptions of the individual sites
is included in the report entitled An Archaeolo icalReconnaissance of a
Pro osed Site fro the ~laste Isolation Pilot Plant ~IIPP By Jeffrey Nielsen,
gency of Conservation Archaeology, Eastern New Mexico University, July, 1976.

All of the 33 sites located by this survey appear, on the basis of
survey data. to be associated culturally and temporally, and related to a
speci.fic economic activity. The archaeological investigation of this
group of sites is in our opinion likely to yield significant information
on the prehistoric occupation and utilization of the Los'Medanos region.
Some theoretical considerations for such a study are outlined in the above
referenced reoort.

Therefore. we believe that the 33 sites because of their relationship.
are contributing elements of anarchaeologic~l district meeting the criteria
of eligibility for nomination to the National Register. The significance of
the information which can be obtained throuah the scientific investigation
of these sites becomes even more important in view of the so far poorly
defined prehistory of this area. .

The boundaries of the archaeological district car. be arbitrarily defined
as the approximately 2.600 acre, four section, core area and right-of-way
covered by the archaeological survey. Indications from subsequent archaeologi­
cal surveys of drill pad, access roads, and test plots are that similar
archaeological sites can be expexted to occur throughout the 18,960 acre
withdrawal area.

1-9



Mr. William J. Murtagh
Apri 1 28, 1978
Page 2

Should you have any questions regarding our 0plnlon regarding the
~ianificance of these archaeological sites, do not hesitate to contact
this office.

Sincerely,

---rL- L,J~
Thomas W. Merlan
State Historic Preservation Officer

TWr~:jf

cc: Smokey O'Connor
Colin A. Heath

I

/
1-10



United States Department of the Interior

HERJTAGE CO~SEIWA"ION AND RECJU~ATION SEIWICE
WASHINGTON, D. C, 20240

IN REPL.Y REFER TO:

B32-NR

Mr. Colin A. Heath
WIPP Program Manager
Division of Waste Management
Department of Energy
Washington, D.C. 20545

Dear l~r. Beath:

Thank you for your letter requesting a determination of eligibility
for inclusion in the ~ational Register pursuant to Executive Order
11593 or the National Historic Pregervation Act of 1966, as amended.
Our detenuination appears on the enclosed material.

As you Ulldel'stand, your request for our professional judgment consti­
tutes a part of the Fe.ciera1 planning ?rocess. We"urge that this
information be integrated into the ~ational Environnental Pelicy Act
analysis in order to bri~~ phout the best rOE~ible progr~n deci:~c~~.

Thisdetennination dOES net serve in any manner as a veto to uses 0:
property, with or without Fed~ral participation or assistance. Aay
decision on the property in question and tha responsibi.lity for
program planning cencerning such properties lie wi.th the agency or
bloc1~ gr.qnt recipient after the Advisory Council on Historic ?rescr··
vat ion has had an opportunity to co~ent.

We aTe pleased to be of assistance in the consideration of his~eric

resources in the planning process.

sin;lcrel~ yours'f7/;: f

Lthltdttl 'f!lti<-....,~,-~,l:.-,'j-ff"--"

William J. Murt&gh
Keeper of the National

Enclosure

I-II



DETERMINATION OF EL!CIBILITY
NOTIFICATION DISTRIBUTION

,:e: State Historic Preservation Officer: Mr. Thomas W. Merlari, New Mexico

Federal RepreseI'tative: Mr. Gregory J. Cavanaugh

Bureau Lias(:m:

Advisory Counci on Historic Preservation: D~nver

IMr 0 George Sherwood
Acting Chief
F.pviromnental .:3afety

&Effects Division
Reactor, Resea:ch ?J1d Techno~ogy
US. Department of Energy
Washington, D.C. 20545

I-12



E.O.11593
DETERMINATION OF ELIGIBILITY NOTIFICATION

NATIONAL REGISTER OF HISTORIC PLACES

OFFICE OF ARCHEOLOGY AND HISTORIC ~RESERVATION

HERITAGE CONSERVATION AND RECREATION SERVICE
Re Ques t submit ted by: ......::D~O=E__-=.Co:.:l:.:i:.:n:...:.::A.:.• ..:H;.::e:.:a:;:t;;.h _

Date request received: 2/24/78 additional information received 5/5/78

Name of property: Archeological Sites, Waste ISOlation Pilot Plant State:New Mexico

location: S.E. of Carlsbad, New Mexico
:;.::,,::~.:.:-~::.::..::..:-_------------------

Opinion of the State "istoric Preservation Officer:

(Xl Eligible ( ) Not eligible ( ) No response

Comments: "All of the 33 sites located by this survey appear, on the basis of
survey data, to be associated culturally and temporally, and related
to a specific economic activity ••• (and are) likely to yield signifi­
cant information on the prehistoric occupation and utilization of the Los
Medano£ regic~ ••• we believe that the 33 .sites, because of thei:a:
relationship, are contributing elements o'f an archaeologfcal district ••• "

The Secretary of the Interior has determined that this property is:

(x) EHgible

Comments:

Applicable criteria: D

.36 CFR ?alt63.3
Determmation

l ) Not eligible

Comments:

( ) Documentation insufficient (see ac~ompanyin[ sheet explaining

additional materials r'equired)

'Wil11am J. lhu'tagh (Sgd.)

Keeper of the National Register

1-13
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•Department of Energy
Albuquerque Operations Office
P.O. Box 5400
Albuquerque. New Mexico 87115

NOV 81979

Mr. Thomas W. Merlan
State Historic Preservation Officer
State Planning Office
Santa Fe, New Mexico 87503

Dear Mr. Merlan:

The Department of Energy (DOE) is submitting this letter to appraise you
of our intention to construct site verification shafts and an underground
(in-situ) experimentation facility at the site proposed for the Waste
Isolation Pilot Plant (WIPP) near Carlsbad (Figure 1). This construction
program, herein referred to as the SPDV (Site Preliminary Design Verifica­
tion), is an extension of the earlier site characterization program and
is intended to provide .the additional data necessary before a final site
commitment can be made. We request your concurrence in determination of
effect for archaeological sites affected by the SPDV. The locations of
the shafts and attendant facilities are indicated on the enclosed Figure 2.
The access road to the site was previously constructed for borehole drill­
ing (ERDA-9).

Three major archaeological surveys have been conducted by the Agency for
Conservation Archaeology of Eastern New Mexico University on the entire
proposed WIPP site:

• J. Nielson conducted a reconnaissance of the core area
(Sections 20, 21, 29, and 28) and tentative rights-of-way
in 1976.

• S. C. Schermer conducted a survey of 27 miles of seismic
survey lines in 1978.

• R. B.Maclennan and S. C. Schermer conducted a survey of
proposed access roads and railroad rights-of-way in 1979.

The first report was forwarded to you on November 15, 1976. The latter
two are enclosed. In addition, archaeological surveys have been conducted

1-14



Mr. Thomas W. Merlan -2- NOV F; 1~!79

for each of the borehole drilling pads and access roads constructed as
part of the overall WIPP Project.

All archaeological sites discoyered in the site area during these sur­
veys are indicated on Figure 2. Table 1 summariZes site descriptions and
recommended mitigation measures for those sites which will be affected or
possibly affected by construction of the SPDV.

Prior to the start of construction of the SPDV facilities, all sites
affected by construction and IIborderline ll sites will be accurately mapped
by a field surveying crew. Fences will then be constructed around each
of the archaeological sites. DOE and its contractors will supply the
needed support to the State Historic Preservation Officer and/or his
designees to allow proper removal of artifacts from all affected sites.
We believe these mitigation measures will preserve the archaeological
resources present, yet allow construction of the SPDV facilities to
proceed.

In previous correspondence with Dr. William Murtagh, Keeper of the
National Register, and yourself, on May 24, 1978, the 33 sites located in
the 1976 Nielson survey were determined eligible for nomination to the
National Register of Historic Places under applicable Criterion 0 of 36
CFR Part 63.3. DOE plans to conduct further archaeological surveys as soon
as practicable including sample surveys throughout the remaining outer
Control Zones of the site. Upon completion of those surveys and prior
to construction of the full WIPP repository, DOE will consult with you
to comply with the requirements of Section 106 of the National Historic
Preservation Act as detailed in regulations detailed·in the January 30, 1979
Federal Register (Title 36, Chapter VIII, Part 800) to identify any additional
eligible properties, request a determination of effect and implement a
consultation process to mitigate or minimize any adverse effects from full
,repository construction.

We request your formal comments on our proposed plan for the SPDV program
with regard to archaeological resources and the mitigation of any adverse
impacts. A response by December 14, 1979 would be appreciated •.
If you require further information or clarification, please contact Mr.
J.M. McGough of my staff (505"-766-3884).' .

Sincerely,

WIP:JMM(2570)

Enclosuresj

1-15
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505 DON GASPAR AVENUE
SANTA FE. NEW MEXICO 87503

(5051827-2073
(5051827-5191

827-2108
ANITA HiSENBERG

DIRECTOR

STATE OF NEW MEXICO

DEPARTMENT OF
FINANCE AND ADMINISTRATION

PLANNING DIVISION
BRUCE KING

GOVERNOR

DAVID W. KING
SECRETARY

November 30, 1979

Dr. D.T. Schueler, Project Manager
WIPP Project Office
Department of Energy
Post Office Box 5400
Albuquerque, New Mexico 87115

Dear Dr. Schueler:

Your proposal for the mitigation of adverse effects resulting from construction of
Site Preliminary Design Verification facilities at the Waste Isolation Pilot Plant
has been reviewed by this office.

We concur with your determination that several significant archeological resources
will be affected by construction of the SPDV facilities, that these effects have
been identified as being adverse, and that measures will be required to mitigate
adverse effects.

We also, concur with the procedures you propose to accomplish the required mitiga­
tion with the understanding that several additional steps are to be accomplished
before the mitigation proposal is submitted to the Advisory Council. These include:
1. Accurate mapping of the site locations in relation to the SPDV facilities.
2. Site specific determination of effect and proposed mitigation procedure.

(protection and avoidance or data recovery.)
3. Preparation of a statement of problem orientation and research design for

the data recovery program for those sites which cannot be avoided.

Upon submission of the detailed mitigation plan, we are prepared to request a
determination of no adverse effect thru satisfactory mitigation.

We will be looking forward to receiving your completed mitigation proposal. If
you have any questions regarding our recommendations do not hesitate to contact
us.

Sincerely,

fb.!!f
. State Historic Preservation Officer

Historic Preservation Bureau

TWM:DER:dg
cc: Jack Mobley 1-16



~ Department of Energy
Albuquerque Operations Office
P.O. Box 5400
Albuquerque, New Mexico 87115

Mr. Thomas Merlan
State Historic Preservation Officer
State Planning Office
Santa Fe, NM 87503

Dear Mr. Merlan:

MAR 211980

ARCHAEOLOGICAL MITIGATION PLAN FOR SITE &PRELIMINARY DESIGN VALIDATION
AT WIPP SITE

As requested by your letter of November 30, 1979, the WIPP Project Office has
prepared a plan to mitigate adverse impacts to archaeological resources
resulting from Site and Preliminary Design Validation (SPDV) activities for
the Waste Isolation Pilot Plant (WIPP). This mitigation plan is based on
the results of an archaeological survey conducted by Mr. Scott Schermer of
the Agency for Conservation Archaeology at Eastern New Mexico University.
This survey covered the four square mile area surrounding the ERDA-9 drill­
hole at the WIPP Site.

Subsequent to the submittal of Mr. Schermer's findings, DOE modified SPDV
surface design features so as to avoid impacts to some of the archaeological
sites. Furthermore, DOE plans to impose administrative controls at the
site to lessen the adverse impacts of human presence near archaeological
resources. Artifacts will be collected and analyzed at some sites as well.
Details are given in the enclosed "Plan to Mitigate Erfects on Archaeological
Sites."

Incl uded as an appendi x to th i s report is a copy of Mr. Schermer· s,t;l;~tter of
March 3, 1980, in which he states his concurrence with the DOE proposed
mitigative actions. Also enclosed is one copy of the findings of Mr. Schermer's
survey "A Report on the Archaeological Site Locations in the WIPP Core Area
with Mitigation Recommendations."

We request your review of the proposed mitigation plan and accompanying materials
to ensure full DOE compliance with the requirements of Section 106 of the Nationa
Historic Preservation Act. We will contact you soon to arrange a meeting on
the mitigation plan. ~i

WIP:JMM(2853)
'See page 2 1-17

Sincerel~,
':ORIGINAL .Jm:m Bt
:D. T. SC;-:tJELER/
D. T. Schueler
Project Manaqer



Mr. Thomas Merlan 2 MAR 2.1 10N
', .../~}' .:

Enclosures: ....
1. SPOV Mitigation Plan
"2. Archaeological Site Locations In the WIPP Core Area with Mitigation

Recommendations

cc wlencl # 1 only:

~.
J.
R.

McGough, DOE, WIPP
Gervers, Governor1s Task Force for WIPP, SF
Nei 11, EEG, SF

cc wo/encl: G. Hohmann, Westinghouse WIPP

1-18



505 DON GASPAR AVENUE
SANTA FE, NEW MEXICO 87503

(505) 827-2073
(505) 827,5191

827-2108
ANITA HiSENBERG

OIRECTOR

,Il,pril 10, 1980

STATE OF NEW MEXICO

DEPARTMENT OF
FINANCE AND ADMINISTRATION

PLANNING DIVISION
BRUCE KING

GOVERNOR

DAVID W. KING
SECRETARY

Dr. D.T. Schueler
Project Manager
Waste Isolation Pilot Plant
Department of Energy
Post Office Box 5400
Albuquerque, New Mexico 87115

Dear Dr. Schueler:

The Plan to Mitiaate Effects on Archeoloqical Resources; Site and Pre­
liminary Desirn Validation (SPDV), Waste Isolation Pilot Plant, Eddy
County, New Mexico by J.S. Hart and L.M. Brausch has been reviewed by
this office.

It is our opinion that procedures outlined in the 'plan ar~ adequate to
mitiqate direct and indireCt adverse effects· of the SPDV facility on
significant cultural resources. ,This determination is applicable only
to the SPDV facility as presently designed. A decision to proceed with
full development of WIPP will of course require considerati.on of additional
mitigative actions.

We also believe that data recovery and analysis procedures to be employed
at those sites to be collected,' tested, or excavated are appro~riate and
will insure the preservation of archeol09ical information contained within
sites whichcannot be protected by other means.

Scott C. Schermer's A Repo'rt on the Il,rcheoloqical Site Locations in the
W:LPP Core Area_~_iJ!!.!:!:!ti~.ta_t1.9.!1 Recommendations for Bechtel National, Inc.
was also reviewed with interest; The information contained, in this report
satisfies certain inadequacies previously noted in the archeological pro­
9ram for tHPP. We are pleased with your efforts to insure that archeolo­
gical information in the tlIPP area is adequately recorded and understood.

Should you have any questions regarding our co~ments on the SPDV mitigation
plan, do not hesitate to contact this office.

Sincerely,

~lVJwd-
Thomas W. Merlan
State Historic Preservation Officer
Historic Preservation Bureau

TW~1: DER: dg
cc: louis S. Wall

John Gervers I-19
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STATE OF NEW MEXICO

Thomas W. Merlan
State Historic Preservation Officer

505 DON GASPAR AVENUE
SANTA FE. NEW MEXICO 87503

(505) 827·2073
l505) 827·5191

May 8, 1980

DEPARTMENT OF
FINANCE AND ADMINISTRATION

PLANNING DIVISION

ANITA H1SENBERG
OIRECTOR

Dr. D.T. Schueler
Project Manager
WIPP Project Office
Albuquerque Operations Office
Department of Energy
Post Office Box 5400
Albuquerque, New Mexico 87115

Dear Dr. Schueler:

As I stated in My April 10, 1980 letter, it is my opinion that the
Plan to Mitiaate Effects on Archeolo ical Resources' Site and Pre­
liminar DesiQn Validation SPDV, Waste Isoation Pilot Pant
contains adequate data recovery and protectlon measures to satis­
factorilymitigate adverse effects on significant cultural resources.

I therefore concur with your determination of no adverse effect for
this undertaking provtded that the mitigation plan is implemented
as stated. It is my opinion that the criteria and requirements set
forth in Parts I and II of the Advisory Council's Guidelines for
Making"Adverse Effect ll and No Adverse Effect Determinations for
Archeological Resources in Accordance with 36 CFR Part 800 are
being met. Specifically, I can certify that the affected
archeological resources meet Part I: Criteria 2 and 3a, b, and c.

Should you have any questions regarding my concurrence with this
determination, do not hesitate to contact this office.

Sincerely,

'-Ie-W~

TWM:DER;dg
cc: Louis S. Wall

John Gervers

BRUCE. KING
GOVERNOR

DAVID W. KING
SECRETARY



Department of Energy
Albuquerque Operations Office
P.O. BOx 5400 '
Albuquerque, New Mexico 87115

Mr. Louis S. Wall, Chief
Western Division of Project Review
Advisory Counei 1 on Historic Preservation
44 Union Boulevard, Suite 616
Lakewood, Colorado 80226

Dear Mr. Wall:

MAY 201980

REQUEST FOR COUNCIL COMMENTS

Enclosed are three (3) copies of the "Plan to Mitigate Effects on
Archaeological Resources," for the Site and Preliminary Design
Validation Program for the Waste Isolation Pilot Plant Site in
Eddy County, New Mexico. This report was prepared to comply with
the requirements of Section '106 of the National Historic Preservation
Act of 1966 and Section 2(b) of Executive Order 11593.

Correspondence documenting approval of the plan by Mr. Thomas W. Merlan,
the New Mexico State Historic Preservation Officer, is included as
Appendix A of the report. Also included in Appendix A are letters
from Mr. Merlan and Mr. Scott Schermer of the Agency for Conservation
Archaeology supporting a determination of "No Adverse Effect" to
archaeological resources as a result of SPDV activities at the WIPP
Site. Appendix B of the report consists of specific responses to
the information requirements required by 36 CFR,800.13(a).

Also enclosed are two {2} copies of Scott Schermer's "A Report on
the Archaeological Site Locations in the WIPP Core Area with
Recorrmendations for Bechtel National, Inc." This document details
characteristics Of the archaeological sites discussed in our
mitigation plan.

We believe that this information meets our responsibilities for
documentation of a determinati'on of "No Adverse Effect" to

1-21



Mr. louis S. Wall 2
MAY ~ 01980

archaeological resources. We request that the Advisory Council on
Historic Preservation comment on this determination pLirsuant to
36 CFR 800.6.

WIP:JMM

Sincerely,
omGE:n ~.!C!ED BV
D. T. SG!;UELER
D. T. Schueler
Project Manager
WIPP Project Office

Enclosures:
1. "Plan to Mi·tigate Effects on
Archaeological Resources for SPDV" (3 copies)
2. "A Report on the Archaeological
Site Locations in the WIPP Core Area
with Mitigation R~~mmendations" (2 copies)

cc wlencl no. 1 (I copy). J. McGough, WIPP P/O, ALO
J. Gervers, WIPP Task Force
R. Neill, EEG, Santa Fe':
A. Zimmerman, BLM, Santa Fe
A~ Ramage, BlM, Roswell

cc w/o enel: G. Ho~mann, ~-WIPP Proj.
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Sanoia Laboratories
Albuquerque. New Mexico 87115

November 3, 1976

Mr. Albert w. Hame1strom
517 Gold Avenue SW
p.• O. Box 2007
Albuquerque, NM 87103

Dear Sir:

I am in the process of preparing inputs for a Draft Environ­
mental Impact Statement on the proposed Waste Isolation Pilot
Plant to be used for experiments related to the storage of law
and intermediate level nuclear wastes in the bedded salt of
the Delaware Basin, east of Carlsbad, New Mexico.

I have just been informed that I must solicit a determination
from the USDA Rural Development Committee on whether there are
any "prime or unique farmlands" located within the project area.
I would be very much surprised if there were, but nevertheless
I need a formal statement on the subject.

The area proposed includes all or part of Sections 7-11, 14-23,
26-35 of T. 22 S.l R. 33 E.; Sections 2-6 of T. 23 S., R. 31 E.;
Sections 12-13, 24-25, 36 of T. 22 S., R. 30 E.; and Section 1,
T. 23 S., R. 30 E. Most of this land will merely be buffer zone;
the area which would overlie the underground workings includes
only Sections 20-21 and 28-29, T. 22 S., R. 31 E. All the land
mentioned is in Eddy County, New Mexico--see map enclosed.

If there are any further questions, please phone me at 264-3540.
Thank you for your cooperation.

Yours,

),tl~
M. L. Merritt, Supervisor
Environmental Assessment Div. 1151

MlM:1151:jeh

Enclosure

Copy to:
SAO L. P. Apodaca w/encl.
ALO W. P.·Armstrong w/encl.
1140 W. D. Weart w/encl.
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UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

Box 2007, Albuquerque, NM 87103

November 11, 1976

Ar. M. L. Merritt, Supervisor
Environmental Assessment Division 1151
Sandia Laboratories
Albuquerque, NM 87115

Dear Mr. Merritt:

In response to your request of November 3, 1976, the site and buffer

zone for the proposed Waste Isolation Pilot Plant in Eddy County, New

Mexico, does not include prime or unique farm lands according to Soil

Conservation Service criteria. The area considered was that shown

on the map provided with your letter.

Sincerely,

A. W. Hamelstrom
State Conservationist
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PIN K COP Y

OCT 1 71979

Mr. W. O. Nelson. Jr.
Regional Dfrector
U. S. Fish 6 Wildlife Service
£ndMgered Spectes Off1c:e
f. O. Box 1306
Albuquerque, NM 87103

Dear Mr. Me1son :

REQUEST FOR LIST OF EMOANGEREO SPECIES AFFECTED BY WIPP SITE

The cepartment of Energy (DOE) is consfdering the construction of • Waste
Is01at10n pnot Plant (lrlIPP) at I site near CarlsbAd, leW Mexico. The
WIPP w111 be a permanent repository for low- and 1atenaed1ate-level defense
related nuclear wastes which w111 be emplaced tn a bedded salt fOl"lAltion
underlyt-ng the stte. As a part of thts progrua.the SMdta Laboratortes,
under contract to the DOE. bas~ funded extenstve studies of the environmental
biology of the sfte. These studies are fntended to provfde tnfonRatfon for
use in the Environmental JlIlPIct StateRent as wen as to establish Basel1ne
data for the long-tef'lll ecological IIOnftoring of the sfte.

Thts letter constftutes a formal request for your Office to provide a 11st
of tftreatened ..d endangered species that may be affected by the proposed
VIPP facility. as required by Section 7 of the 1978 ......"ts to the
ER4Mgered Species Act of 1973.

P~PMGR
Schueler
10/ /79

IlJP~ROJ MGR
Rudolph
10/ /79

You My find the following Info...t10n usefultnASlelDlfng IUch • 11st.

TheWIPP lite is Ibout 25 .ne5·Hst oftarlsbadtn Eddy Coun~, New Mexico
Iftd covers an area of 18.960 acres. all federal Md ,tate land. Biological
1.1. have enCOllPUsecl a sOllleWhat ,larger area. lbe floral essodations
en the site are dtaracterist1'c of ~e Chih~ahUU Regtons of the Desert
Shrub aract Grassland ;Fol"ll1lt1ons•..Some. Plains RegionCOllf)Onents Ire present
as well.* The stte region fs gra1.8d by cattle tbroughoutthe lear and is
stocked It • level of about six laRd per sectton. -

*Oemart. G.B. t O. o. Sylvester, and W. C. HtekeyD 1978. Potential Natural
Vegetation of New Mexico.' U. S. Oepartlnant of the Interior, Son Con­
servatton service. Portland. Oregon.

j)}» ).. SAFE¥fPKssESS PR~IEbrrrROL FIWlltMr BR
McGough:srk Bellows D1ntaman
10/17/79 10/ /79 10/ /79
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Mr. W. O. Melson 2 OCT 1 '1 ]979

Proposed construction at the site COAststs of surface ud ".,roUlld
faciUties. Surface structures w111 incl.,.. in addtttOA to h11d1ngs,
a stor,.ge pile forth. II1necl'rock (.ch of which will be silt), an
eV&pO..atton pond for MW4ge-treatiant .ffluents•• disposal area for
construction spoils, and • sanitary landfill. Also planned are a ..anroad
spur. paved access ...... IIId a power l1ne. The proposed locations of
these facnities are sbown OR the ac~ng .p.

The portion of the Draft Eavfl"lOftllRntal Impact SU~ftt (DOE/EIS-0026-D) is
enclosed that detaU, the 1nfonaation avanable to us concemtft9 threatened
and endangered specfes on or near the site. Fi.,d data obtained since the DEIS

. WIS prepared necessttates sane MOdifications of the statements concerning
threatened Iftd endangered 'ish specfes. Dr• .JUleS SUblette of Eastern
New Medco Un1versftiY (EttNU) in Porules, MM, the principal investigator
for the aquatic studies portion of the WIPP Biology Program, has conducted
fteld stud'ts in 1978 and 1979 at eight sampl1ng stations on the Pecos Rfver
between Six Mile Dam and Red Bluff Reservotr. His 1978 ffndfngs (suanartzed
in the table attached) included the following 1nfo....tfon. Of the nineteen
species of fish in the length Of the Pecos R1ver under study. three are
currently listed by the State of New Mexico as being threatened or endangered.
They are: the Pecos River Pupfish. the Rainwater fish, and the Gray
Redhorse. Dr. Sublette found several thriving populations of the ftrst two
species and has recoRAended that tIley be -delisted.· The third is ra... in
the Pecos but moderate populations are found 1n the Black River drafnage.
The Black river joins the Pecos near Malaga west-southwest of the WIPP stu.

Ffve additional species of ffsh on the state l1st were found to occur tn
the Slack River drainage but not tn the Pecos. The1 are: the Blue Sucker.
the Banded Tetra. the Blunt Nose M1MOW. the GreeftJ-throat.ed Darter. and the
Pecos GallOuSia. The last two occur only in the Blue Spring Run. the last
species is also on the federal Hst of threatened and endangered species.

To our knowledge, the Pecos Gallbusia is the only federally listed spectes
of threatened and endangered fish that is found &n,ywhere near the YIPP s1 te.
The only kOO\fll populations withtnthe aquatic stu«y area &re in the Black
River drainage, whfch is well buffered from aJU' direct association with
drainage from the WIPP site into the Pecos.

The foregoing fnfol"llltton is contained in the FY78 annU41 report of the wrpp
81010gy Program soon to be publ1shed is Sandta document (SAfn79-0368). Your
offtce has been placed on the .U1ng Hst for dhtr1butior.,

With regard to the .vifuan., it should be emphasized that the stngle sighting
of Batrd's sparrow (Hew Mexico endangered species) .ntioned in the DEIS
(Vol. 2. page "-90) is questionable. The sighting, made by I graduate
student of Dr. A. L. Gennaro of fHMU, did not permit a truly positive
~dent1ffcatton (A. L. GeMaro, personal\ cOlDJn1cattonj Dr. Gennaro has
conducted the 18IJJIJICl11an and rept111~n'iPortions of the WIPP studies for
seyeral years). Dr. David Ligon of/ the University of New Mexico is now
responsible for avian studtes.
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Mr. W. O. Nelson 3 OCT 171979

The terminology used 1ft the DEIS LIlY ...quire some clarification. lithe
regfon of the stte" refell to the large area consisting of those parts of
Eckly and Lea counties east of the Pecos. The tam "the site vicinity" is
more restrictive and refers to the ama wfthin it 5...f1e radius of the center
of the proposed WIPP site. Species checkl1sts ass_led for the Aregion
of the siteA understandably contain specfes Mver sighted in the ·vicinity
of the site" because the range of habitats in the larger area 1$. of course.
more liverse than tIlose enc:ountered in the t..d1ate neighborhood of the
WIPP site. SimUarly. the aquatic species discussed tn the DEIS are
those that occur With1.n the "site region" whereas \theaquatic stud,y area
15 confined to water ~odies close to the site (tanks. playas, etc.) Ind
to that region of the Pecos whtch may receiYe drainage from the site and
continuing downstream to Red Bluff ReserYoir.

A copy of the entire OEIS is being maned to you under separate cover for
lour information.

If you require further information on these biological studies. please
contact Sieglinde Neuhauser (264-5364) or H. L. Merritt (264-3540) at
S4ndia Laboratories. Queslions concem1 ng the project f tse1f shoul d be
addressed to IDe It 766-3884.

Sincerely,

WIP:J~(Z527)

Cr;:;ii131 Signed by
D. T. SCHUELER

D. T. Schueler
Project Manager
WIPP Project Office

Enclosures: , .
1. Map of WIPP Site Area.
2. section ti.5.4 of nEls.. .' .
3. Lfst of Threatened " Endangttred.. Species of ·Fish

ec: wlo encl. K. Neuhauser'. Org.· 4514. $LA
M. Merritt. Org. 4514. $LA .
G•. Hohmann•.Westfnghouse~IPPProj
tJ. McGou91j. WIPPProJOfc:. AlO '.
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As provided by Section 7(c) of the Endangered Species Act Amendments of
1978, the Fish and Wildlife Service is required to furnish a list of
those species, both proposed and listed, that may be or are present in
the area involving Federal construction activities.

SE

IN REPLY REFER TO:

Savt Entr,y and You StrVt Amtrica!
I-28

UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE

Mr •.D. T. Schueler
Project Manager, WIPP
Department of Energy
Albuquerque Operations Office
P.O. Box 5400
Albuquerque, New Mexico 87115

Dear Mr. Schueler:

POST OfF'1 CE BOX 1306

ALEIJQJERQUE. NEW MEXICO 87JRJp PROJECT OFFIe£

November 15, 1979 .lId 1nfo Init

Project Office~~:l'C~,~_;~_:~nf:~~j~~~~.~
t: ~~:~'.0----1--1----1 I
1.------- -=t=-=J==I
JiL~"!S f-+---I=-~---+-------I
-1"7il-;-t~-T\' - :==_~t:=L_..-\-----­
_:,:,;:-:ffi·(;iL~:--·--l-·---1--..I.--+--;
1l.!:L- - ---

This is in reply to your Octooer 17, .1979 letter which requested
information about species which are liSted or proposed to be listed as
threatened or endangered as provided by the Endangered Species Act.
Your area of interest is the Waste Isolation Pilot Plant site 25 miles
east of Carlsbad, Eddy County, New Mexico.

Upon receipt of the Fish and Wildlife Service's species list, the Federal
agency au~rizing. funding, or 'carrying out the construction action is
required to conduct a biological assessment for the purpose of identifying
listed species which are likely to be affected by such action. Proposed
species are included on the list even though they do not have legal
protection under the Act. Their inclusion recognizes that they may be
listed anytime and have the portent to cause delays or modifications to
the proposed action. In light of this, we recommend that those species
be included in the biological assessment.

The biological assessment shall be completed within 180 days after
receipt of the species list, unless it is mutually agreed to extend this
period. The biological assessment should include: 1) the results of a
comprehensive survey; 2) results of any studies undertaken to determine
the nature and extent of any impacts On identified species; 3) considera­
tion of the cumulative effects upon the species or its critical habitat;
4) study methods used; 5) difficulties encountered in obtaining data and
completing the proposed study; 6) conclusions including recommendations
as to further studies, and 7) any other relevant information.



2

For purposes of providing interim guidance, the Fish and Wildlife Service
considers construction projects to be any action conducted or contracted
by the Federal agency designed primarily to result in the building or
erection of man-made structures, such as dams, buildings, roads, pipelines,
and the like. This includes consideration of major Federal actions such
as permits, grants, licenses, or other forms of Federal authorization or
approval which may result in construction and which significantly affect
the quality of the human environment. In addition, other actions that
have the potential of becoming or are controversial, may be considered
as construction. -

If the biological assessment reveals that the proposed project may
affect listed species, the formal consultation process shall be ini­
tiated by writing to the Reg~onal Director, Region 2, u.S. Fish and
Wildlife Service, P.O. Box 1306, Albuquerque, New Mexico 87103. If no
affect is evident, there is no need for further consultation. We
would, however, appreciate the opportunity to review your biological
assessment.

The attached sheet provides information on species which may occur in
the proposed project area. If we may be of further assistance, do not
hesitate to call upon us (505-766-3972; FTS 474-3972).

Attachment

Acting
o~:~.:~¥C~·~r:r

cc: Phoenix Area Office (SE), Phoenix, Arizona
Ecological Services Field Office, Albuquerque, New Mexico
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WASTE ISOLATION PILOT PLANT
Eddy County, New Mexico

LISTED SPECIES

BIRDS

P~regrine falcon (Falco peregrinus) - Medium sized falcon, slate gray
above, dark head with "mustaches" below each eye. Long pointed wings.
May occur as a spring or winter migrant.

Bald eagle (Haliaeetus leucocephalus) - Large eagle with white head and
tail in the adult. Immatures are dark, feet bare of feathers. May occur
as a spring or fall migrant. Winters around lakes and along rivers in
project area.

MAMMALS

Black-footed ferret (M~stela nigripes) -'Extremely rare and possibly extinct
in area. Generally found in association with prairie dog towns.

FISH

Pecos gambusia (Gambusia nobilis) - Known from several locations near the
project area. Found in springs and free-flowing streams.

PLANTS

Lee pincushion cactus (Coryphantha sneedii leei) - Listed as threatened
effective November 26, 1979 (FR 10/25/79, Vol. 44, #208, 61554). A small
pincushion-like cactus ~th white~ines. Known only from the eastern edge
of the Guadalupe Mountains in southwest Eddy County, New Mexico within
Carlsbad Caverns National Park.

P~OPOSED SPECIES

None.

CRITICAL HABITAT

None.
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State of New Mexico
GOVERNOR

8RUCEKING

DIRECTOR AND SECRETARY
TO THE COMMISSION

HAROLD F. OLSON

•
DEPARTMENTOF GAME AND FISH

srATlC~I'''Ul

SAr.f A FE
ti7~J

:·ir. D. T. Schueler
Department of Energy
Albuquerque O~erations Office
P. O. Box 5400
Albuquerque, New Mexico 07115

Dear Mr. Schueler:

STATE GAME COMMISSION

EDWARD MUNOZ. CHAIRMAN
GALLUP

J W JONES
ALBUQUERQUE

ROBERT H FORREST
CARLSBAD

ROBERT P GRIFFIN
SILVER CITY

BILL lInRELL
CIMAR~ON

April 7, 1930

\.Je have revie\....ed the "Biological Assessment. Potential Impacts on S'::<Jte­
clesign<Jted Endangered Species from the Proposed Construction and Operation
of the Haste Isolution Pilot Plant (\!IPP)" and find it a generally accept­
able treatment of the subject. I I'JOuld like to request any specific informa­
tion on the least tern occurrence (p. 29 in Table 5) for our records. In
addition, we question the occurr~nce of Bendire's thrasher (p. 30 in Table 5)
in the area, as it is not verified from eastern New Mexico.

As for the FEIS, \....e have comments as follows:

p. H-126 - add Ross' Goose and white-winged dove to the table.
p. 1i-127 (also p. 28 in TME 3010) Butorides veresans = viresc~

Spatula Anas
p. H-123 (also p. 29 in TME 3010) - Totanus = Tringa

Erol ia = Calidris
Ereunetes - Calidris

pro H-129/H-130 - these pages are rev~rsed in s~quence.----

p. H-1311 - Elsev/here the ferruginous havo/k is listed as yearlong (e.g.
H-127; p. 3'tl in TME 3(10), but here the data sho'.... winter
occurrences only. The latter'status is more likely to be
correct.

p. H-135 - The lesser nighthawk is listed here but not elsewhere in the
reports.

p. 1i-135 - Oregon = dark-eyed junco.
p. 1i-145 Some of the species were del isted in May 1979. i.e. 1ittle

blue heron and osprey; the bald eagle is now tiM II.'
p. H-147 - Some of the species were delisted in t1uy 1979, i.e. American

eel, roundnose minnow, Pecos pupfish, and rainwater killifish;
the Pecos gambus i a, no'.... ~IM I I, is not 1is ted he re.
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Mr. D. T. Schueler -2- Ap r i I 7, 1980

We have not reviewed the plant occurrences and related aspects in detail,
but I shall request this from the New Mexico Heritage Program. If they
have ComMents, they can write to you direct.

Sincerely,

t!~-!Of[~
Director

cc: Bill Huey
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EFFLUENT AND ENVIRONMENTAL
MEASUREMENTS AND MONITORING PROGRAMS
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Appendix J

EFFLUENT AND ENVIRONMENTAL MEASURmENTS AND MONITORING PROGRAMS

This appendix discusses the materials and methods used to collect the data
presented in this report. It also discusses the proposed monitoring programs
for assessing the environmental impacts of the WIPP.

J .1 PREOPERATIONAL ENVIRONMENTAL PROGRAMS

The preoperational survey programs have been designed to describe the
existing geologic, hydrologic, meteorologic, biologic, and radiologic charac­
teristics of the region surrounding the WIPP site in Eddy County, New Mexico.

J .1.1 Geology

The purposes of the site geologic studies and the geology sections pre­
sented in this report are given in Section 7.3. Investigation methods for
geology and seismology are discussed in more detail in the Geological Charac­
terization Report (Powers et al., 1978).

Geologic studies for the site fall into three different phases: ~relim­

inary site-selection activities, site characterization, and studies on long­
range geologic processes affecting a repository. Site characterization at the
present site began in 1975 with the drilling of a hole at the center of the

, site and the start of seismic reflection work. Site characterization is in­
tended to provide data concerning the geologic acceptability of the site.
Results up to late 1978 have been reported in the Geological Characterization
Report (Powers et a1., 1978). Studies of ~ong-term processes that might af­
fect the integrity of a repository a~e now the major geotechnical activity of
the project personnel. These studies are concerned with the age of signifi­
cant features and the rates and processes that have produced them.

I
This section sununarizes the geophysical and geol~gic methods used in char­

acterizing the New Mexico st~dy area. Sixteen stratigraphic holes have been
drilled to date (June 1980) in support of'this program~ one (ERDA-9) is at the
center of the site. FigureJ-l shows boreholes within ahd near the site.
Table J-l has the location, depth, and purpose of boreholes drilled specifical­
ly for the WIPP. These boreholes were,extensively:logged, cored, and drill­
stem tested in the evaporite section. The cores form the basis for several
continuing laboratory studies important to an understanding of the physical and
chemical phenomena associated with the site and contributing to general knowl­
edge about the formation of evaporites. TWO boreholes have been drilled well
outside the inunediate area to obtain data on salt dissolution.
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TO Total depth

TA Temporarily abandoned

• Deep producing gas

+ Abandoned well

@) Deep and abandoned

Ell Potash drill holes

o Geologic holes

• Hydrologic holes

S ERDA potash drill holes

Figure J-1. Exploratory drill holes in the WIPP site.
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Table J-l. Exploratory Drill Holes in the Vicinity of the Site

Designation

AEC-7
AEC-7
AEC-8
(deepened)
ERDA-6
ERDA-9
ERDA-I0

P-l
p-2
P-3
p-4
P-5
p-6
P-7
p-8
P-9
p-I0
P-ll
P-12
P-13
P-14
P-15
P-16
P-17
P-18
P-19
P-20
P-21

H-l
H-2A
H-2B
H-2C
H-3
H-4A
H-4B
H-4C
H-5A
H-5B
H-5C

Start date

3-74
3-74
5-74
6-76
6-13-75
4-28-76
8-18-77

8-23-76
8-25-76
8-26-76
8-27-76
9-10-76
9-3-76
9-4-76
9-8-76
9-16-76
9-24-76
9-24-76
9-17-76
9-17-76
9-24-76
10-4-76
9-27-76
10-18-76
10-19-76
10-19-76
10-6-76
10-15-76

5-20-76
2-14-77
2-7-77
2-28-77
7-25-76
5-16-78
5-14-78
4-30-78
6-13-78
6-4-78
6-24-78

Purpose

stratigraphic
stratigraphic
stratigraphic
Deep hydrologic
stratigraphic
Stratigraphic
Deep dissolution

potash
POtash
potash
POtash
Potash
POtash
potash
POtash
potash
potash
Potash
POtash
potash
POtash and hydrologic
potash and hydrologic
POtash
potash and hydrologic
POtash and hydrologic
potash
POtash
Potash

Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic

Total
depth (ft)

3918
3918

4910
2776
2886
4431.5

1591
1895
1676
1857
1830
1573
1574
1660
1796
2009
1940
1598
1576
1545
1465
1585
1660
1998
2000
1995
1915

856
563
661
795
902
415
529
661
824
925

1076
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Table J-l. Exploratory Drill Holes .in the Vicinity
of the Site (continued)

Designation

H-6A
H-6B
H-6C
H-7A
H-7B
H-7C
H-8A

·H-8B
H-8C
H-9A
H-9B
H-9C
H-IOA
H-IOB
H-IOC

WIPP-11
WIPP-12
WIPP-13
WIPP-15
WIPP-16
WIPP-18
WIPP-19
WIPP-21
WIPP-22
WIPP-25
WIPP-26
WIPP-27
WIPP-28
WIPP-29
WIPP-30
WIPP-31
WIPP-32
WIPP-33
WIPP-34

B-25

Start date

7-7-78
6-28-78
6-21-78
9-18-79
9-13-79
9-6-79
9-7-79
8-6-79
7-27-79
7-9-79
8-14-79
8-1-79
8-21-79
10-7-79
8-11-79

2-5-78
11-9-78
7-26-78
2-8-78
1-11-80
2-13-78
4-5-78
5-24-78
5-8-78
8-28-78
8-28-78
9-12-78
8-7-78
10-3-78
9-8-78
9-18-78
8-7-79
7-13-79
8-16-79

12-1-78

Purpose

Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic
Hydrologic

Stratigraphic
Stratigraphic
Stratigraphic
Paleoclimatologic
Stratigraphic
Stratigraphic
Stratigraphic
Stratigraphic
Stratigraphic
ND-l Hydrologic
ND-2 Hydrologic
ND-3 Hydrologic
ND-4 Hydrologic
ND-5 Hydrologic
ND-6 Hydrologic
Stratigraphic
Stratigraphic
Stratigraphic
Stratigraphic

Stratigraphic

J-4

Total
Depth (ft)

525
640
741
154
286
420
505
624
808
559
708
816

1318
1398
1538

3577
2790
1025

810
1330
1060
1038
1045
1450

655
503
592
801
376
913
810
390
840

1820

902



Figure J-2. Industry seismic data and WIPP data from 1976.

Many line-miles of seismic reflect~on data were available for the study
area from petroleum companies, and 26 line-miles of such data were initiaily
obtained by the DOE (Figure J-2), using standard techniques for the petroleum
industry. The data are excellent for interpreting deeper structure, -but are
not as useful for showing reflecting interfaces in the upper 3000 feet. In
1977 about 48 line-miles of new data (FigureJ-3) were obtained using shorter
spacings for geophones, higher frequencies fromVibroseis units; and higher
rates of data sampling. These data show much improved reflections from, and
better resolution in, the shallow depths of interest. Resistivity has also
been extensively used. Field tests indicate that resistivity can detect cer­
tain types of solution features~ more than 9000 measurements have been taken
in the study area to search for such features (Figure J-4). Additional meas­
urements of resistivity using expander~arrays have been made to study resis­
tivity changes with depth and to help interpret the detailed measurements
(Figure J-S) •

J-S

i
I
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Figure J-3. Seismic program. 1977.

Investigation methods used at the site fall into the major categories of
field geology, geophysics, geochemistry, and rock mechanics. The application
of these disciplines to studies relevant to the WIPP is outlined below.

Field geology

While all the methods to be discussed may be considered fundamental in the
geologic sciences, the term "field geology" is here restricted to th~ inves­
tigations and correlatiOns of regional and local features that are available
to the geologist through surface mapping, aerial photography, satellite
imagery, and interpretation of borehole and other subsurface data.

The basic starting point of the present investigations was the preparation
of a good base map on which the topographic, geomorphologic, and surface­
geologic characteristics could be displayed. Existing USGS topographic
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o 1
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measurement area

Figure J-4. Location map of gradient resistivity array.

area.

quadrangle maps and aerial photographs were used for this purpose. Aerial
photographs, inhoth.color and b~ack arid white, were used for the surface
mapping of geologic features. ·Larger-scalefeatures·were derived'from sat­
elli te iinageryin reconnaissance'; style for the' southern New Mexic~west Texas

. : .. ~

Data on surface geology were compH~d:startingwith reports on earlier in­
vestigatIons of the area":Itwa~ necessary to supplement this .work with more
detailed mapping of geologic units in the immediate' vicinity of the site.
Visual inspection and identification.. of 'rock· ,units'· is . necessary at this stage
and requires months of field work. Observations'of'geomorphology and veg­
etation changes were useful in identifying geologic features for mapping.
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Schlumberger array soundings
with line number and direction

o 1 2 3 Miles
!!!~~5'iiiiiiiiiiiiiiiii!'~~!!!I

Figure J·5. Location map for resistivity soundings.

Subsurface geology was established using several lines of evidence. Data
repOrted in the literature were the starting point. These were supplemented,
and sometimes amended, by proprietary data from petroleum and potash companies
that have conducted exploration in the region. Vast quantities of information
exist on southeastern New Mexico, both from drill-hole and geophysical tests.
Final details were provided by drilling and coring holes for stratigraphic
information and conducting geophysical studies to help map formations between
boreholes. Cores from boreholes were measured and located relative to the
ground surface, described and identified in field notes, and photographed.
Lithologic and stratigraphic logs were prepared from examination of the
samples. Portions not used in subsequent analyses and tests were sealed in
plastic bags, labeled, and stored. All this information is assembled into
structural contour and isopach maps for the different geologic formations of
interest.

•
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Geomorphologic, topographic, surface, and subsurface geologic maps are all
used to interp'ret the geologic history and tectonic setting of the area. In

t '::I certain instances, paleontological or paleobotanical information is useful in
~ establishing the chronology of events. Micropaleontology is being used to

provide a more thorough understanding of solutioning processes and their rates
since Pleistocene time. ' samples are obtained by coring deposits in solution
sinks in the Delaware basin. Coupled with the physical

e

and geochemical
studies, a chronology of events can be developed that allows an estimate of
process rates and provides some confidence that forecasts into the near geo­
logic future will not be unreasonable.

Geophysics

Early in the preliminary site evaluation, 1500 line-miles of petroleum­
company reflection data were examined for evidence of major faults and other
structures in the deep (over 4000 feet) formations. The'nature of the data
limited its usefulness for the examination of shallow (less than 4000 feet)
hor izons,. Information on shallow hor izons was acquired by special seismic
reflection surveys. Conventional oil-field gear (Vibroseis) was used, with
geophone spacing and instrument recording adjusted to pr~vide better resolu­
tion at depths of less than 5000 feet. ~erience has shown that this tech­
nique can provide good information on refrectors in'the Castile Formation and
below but must be used with a great deal of caution in attempting to define
the attitude of the top of the Salado. Reflections from this horizon and
depth are erratic.

Only a limi~ed amount of seismic refraction work was carried out to de­
termine weathering conditions for the reflection work. Where possible, sonic
logs or uphole surveys were preferred for this purpose.

Electrical resistivity proved to be a valuable tool in searching for
dissolution-related features in the Delaware basin. Resistivity surveys over
known solution features, such as "bre9cia pipes," give characteristic signa­
tures. Consequently, closely spaced resistivity surveys were made over the
si te to examine it for these anomalies. Indicated anomalies were then con­
firmed or denied by test dr illing ~ The surveys were run along lines 500 feet
apart over the entire 30 square miles of the site area and resulted in about
9000 data points. Two different measurement configurations were used. The
modified Werner electrode placement was used for the areal survey described
above, and an "expander" array was used to investigate changes in resistivity
with depth at a given location. The latter configuration Was used to de'ter­
mine whether low resistivities were associated with the presence of ' the
shallow-dissolution zone.

: ~ .

Magnetic methods were 'employed to search for both regional' and local
features exPected to show J1i.agnetidcontrast~ Existingaerornagneticsof the
Delaware basin was examined for indications of major faulting or igneous
intrusions. An igneous dike 9 miles northwest of the site was all that was
observable in these data~ a higher-resOlution survey will be used to examine
the region near the site 'for, similar but 'less evident intrusives.' Ground
surveys and detailed aeromagnetic surveyswe~e tried but were' found to be
ambiguous in detecting solution-collapse features.

~ Gravity data for the Delaware basin were examined for ~ndications of major
., geologic structures and for their utility in detecting collapse features. The
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absence of the former in the site and the failure of collapse features to ex­
hibit significant density differentials limited the usefulness of the gravity
technique.

First-order level-line surveys tied into the national grid.established by
the National Geode"tic Survey (NGS) were made hy NGS within the region and
locally, in a more dense pattern, in and near the site. .. These permanent sta­
tions will be periodically reoccupied to detect tectonic movements and subsi­
dence due to dissolution and potash mining.

Geochemistry

Geochemical measurements include techniques used to determine the mineral
composition, chemical composition, fluid content and composition, age of rocks,
and postdepositional history of recrystallization. Mineral composition has
been determined through visual inspection, petrographic microscope examination,
and X-ray diffraction. When large numbers of samples are involved, X-ray
diffraction has been the preferred technique.

Chemical composition has been obtained by analytical-chemistry and atomic­
absorption methods. For most purposes atomic absorption is satisfactory and
more rapid than wet-chemistry techniques.

Fluid inclusions in salt are counted by microscopic examination. The mass
of the fluid is determined by crushing , heating, and recording the weight loss
of the sample. In favorable samples the effluent is analyzed by gas chroma­
tography or mass spectrometry. Inferences on fluid-inclusion composition are
also obtained by cooling the sample and observing the "freezing" point.

Brines are studied for clues to their past history by applying mass spec­
trometry to obtain oxygen~18/oxygen-16 and deuterium/hydrogen ratios.

Age dating of evaporites may be attempted by examining rubidium/strontium
ratios. Dating of old brines has been attempted through analysis of the.
uranium-234/uranium-238 disequilibrium. Satisfactory age-dating techniques
for old brines and evaporites are not well developed.

Rock mechanics

The rock-mechanics methods described here include both physical and the~­

mal tests applied to rock specimens.
"

The elastic and strength properties of the salt and other rock samples 'are
determined by stressing machined specimens under conditions of both uniaxial
and triaxial stress. Special creep-test apparatus has been built to t~st rheo­
logical properties as a function of temperature and pressure applied over long
per iads of time. "

The permeability of salt to various gases (heiium, nitrogen, hydrogen) has
been established by laboratory tests on single crystals and on rock cores.
variations in permeability as a function of pressure are also measured. In­
situ tests will be conducted in potash mines in the future.

Thermal properties have been measured on laboratory samples and at bench
scale. Parameters determined are thermal conductivity, thermal diffusivity,
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thermal expansion coefficient, and specific heat capacity. Radiant heat trans­
(~er has al~ been examined and found to be :elatively minor. These properties
~are determ1ned by standard laboratory techn1ques. On larger, bench-scale

samples, holes are drilled into the block for heater elements, thermocouples,
and strain gauges. These tests allow the determination of average properties
more representative of in-situ conditions.

Radiation effects on salt have also been examined in laboratory tests.
Induced crystal-lattice defects resulting in "stored energy" are found to be
similar in magnitude to those described in the literature for other salts.

Seismology

Information about the regional seismicity around the site falls into two
groups. The first includes information obtained before 1962, when no special­
ized instrumentation existed close to the area. During that period, there
were not enough seismic stations in the southwestern United States to provide
instrumental coverage of Southeastern New Mexico. Therefore, these data
describe earthquakes that people felt and that were reported in the technical
literature, including the annual publication U.S. Earthquakes. Sanford and
Toppozada (1974) gathered other information from newspaper accounts, recollec­
tions of long-time residents, records of museums, historical societies, and
the like. The principal weakness of these early seismic data is that they are
partly a function of population density.

The second group of data began to be collected after instrumentation was
established in 1960 and 1962 at Socorro by the New Mexico Institute of Mining
and Technology and at Sandia Base near Albuquerque by the Atomic Energy Com­
mission and the Coast and Geodetic Survey. Additional Coast and Geodetic
Survey stations, established in 1962 in Las Cruce~, New Mexico~ Payson, Ari­
zona~ and Fort Sill, Oklahoma, permitted epicenters to be determined for local
events. Since April 1974, A. R. Sanford of the New Mexico Institute of Mining
and Technology has operated a vertical, single-component, continuously record­
ing seismograph station (CLN), 4 miles east-northeast of the site, to monitor
seismicity near the site. An array of several additional stations is being
deployed at and around the WIPP site in fiscal year 1980 to provide additional
information on the rare seismic events within 40 miles'of the site. Useful
information has also been obtained from a seismograph station operated at Fort
Stockton, Texas, from June 21, 1964, to April 12, 1965, as part 6f·the feder­
ally sponsored Long Range Seismic Measurement (LRSM) system. From November
1975 to October 1979, the USGS operated a 10-station seismic array near Kermit,
Texas, about 60 miles southeast of the site, to monitor seismicity in the Cen­
tralBasin platform.

J.l.2 Hydrology

Hydrology is a major consideration inexam1n1ng the feasibility of a site
for radioactive-waste disposal. Two factors are directly related to hydrology:
(1) the geologic stability of the formation in which the waste will be stored
and (2) the presence of groundwater asa transport medium. Because unsatur-

~ ated waters migrating along the surfaces of salt beds will dissolve salts, an
., examination of the integrity of the Salado Formation is directed into three

study areas: (1) the Rustler-Salado contact beneath the site, to determine
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whether dissolution is presently occurring~ (2) the front of the shallow­
dissolution zone in Nash Draw, to more precisely map active dissolution bound- ..~
aries~ and (3) the estimated rates of dissolution at the top and the bottom of. ~

the salt, to refine analyses of hazards to the site. Further definition of
the hydraulic gradients and rates of fluid movement in the fluid-bearing zones
that overlie the Salado will aid in refining the estimates of potential
groundwater transport of radionuclides.

Inventory of test holes

The objectives of the hydrologic testing program at the WIPP site are to
determine the potentiometric head, the hydraulic character of the rock strata,
and the chemistry of formation waters. These hydrologic tests are commonly
made in exploratory test holes either during drilling or after the holes have
been drilled to total depth.

As of June 1980, hydrologic tests had been conducted at 16 locations in ex­
ploratory test holes at the site. Of the 16 locations investigated, ten were
specifically designed for hydrologic testing: H-l through H-lO (Figure J-6).
The first three of these were drilled in a triangular array O.Smile ona side
for the purpose of determining hydraulic'gradients in the fluid-bearing zones
above the Salado Formation near ERDA-9.

The potash test holes P-14, P-lS, P-17, and P-18 shown in Figure J-6 were
not drilled specifically for hydrologic testing, but for exploring potash min­
eral deposits. These holes have been used, however, for determinations of
potentiometric head in the fluid-bearing zones above the salt under the south­
ern perimeter of the site.

TwO other holes, AEC-8 and ERDA-IO, were used for testing fluid-bearing
zones below the Salado salt section. The AEC-B hole, drilled before the WIPP
project began, was deepened for testing fluid-bearing zones in the Castile
Formation and the Delaware Mountain Group. Similar testing of the Delaware
Mountain Group was conducted in ERDA-IO.

After Qrilling and testing holes H-l through H-3, eight triangular arrays-­
at locations H-2 and H-4--were designed and drilled at a spacing of about 100
feet. These three-hole complexes, in addition to providing long-term open-hole
testing, permit static fluid-level monitoring and pump testing to check for
vertical or horizontal communications between fluid~bearing zones. Together
with P-14, P-lS, P-17, and P-18, the three-hole complexes form part of a net­
work of holes, 2 to 3 miles apart, completely encircling the site.

Finally, six holes (WIPP-25 through WIPP-30) have been drilled in Nash
Draw to the west. Their purpose is to define the hydrologic character of 'Nash
Draw in relation to that of the WIPP site. They are being tested now; testing
will be complete by October 1980.

General methods used in,drilling

Air-rotary dr Hling was used to dr ill the holes designed specifically for
hydrologic testing at the site. This method differs from standard rotary
drilling in that the fluid or mud gel usually used to cool the bit and remove
cuttings is replaced by compressed air. The air method was used to make it
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Figure J-6. Location of drill holes used for hydrologic testing.
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easier to identify zones that might contain fluid and to prevent the plugging
of the aquifer test zones, which may occur when standard drilling fluids are
used.

Detailed strategies for drilling and testing

The hydrologic complexes have been drilled and tested following generalized
criteria. To date complexes 2 and 4 through 10 (each complex consisting of
three holes) have been completed. The H-2 complex is described below as an
example of the strategy that was used.

The H-2 complex consists of three holes spaced as shown in Figure J-7.
Hole 2a penetrates the Magenta aquifer, hole 2b the Culebra aquifer, and hole
2c the Rustler-Salado contact (Figure J-8). This three-hole configuration
makes possible four types of study: independent open-hole testing of the Ma­
genta and Culebra aquifers and the Rustler-Salado contact without interference
from the other zones, convenient monitoring of the three formations without
the use of downhole hardware such as packers, pump tests of low-yield forma­
tions in closely spaced holes, and tracer-injection tests. Each hole was
drilled to withinlO feet of its intended depth, casing was set and cemented,
and then the hole was cored to total depth.

Investigations usually began with the geophysical logging of the open bore­
hole to obtain information on changes in rock strata, formational characteris­
tics, potential zones of water yield, and borehole-diameter changes. These

c

N

•
b

a

Figure J..7. Plan view showing the configuration oftheH-2 three"holearrav~
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Figure J-8. Configuration of completed H-2 holes.

parameters aided in the selection of borehole intervals to be tested in detail
and provided useful information on hole conditions needed in the selection of
packer seats. The following logs were run in the deepest of the three-hole
array, H-2c: natural gamma and density, caliper, compensated density, compen­
sated neutron gamma ray, dual-inductionlaterolog, microlaterolog, temperature,
acoustic, and 16-inch electric. All holes were· surveyed for lateral deviation
with a Sperry-Sun directional survey.

After logging, the proposed test zone was iso1ated by an inf1atab1e packer
or packers, and a preliminary qrill-stem test (OST) was conducted. The OST
is designed to provide a representative sample of formational fluid,' undis­
turbed formation pressure, and estimates of formational permeability. Stand­
ard oil-field OSTs were run with'slight modifications applied to measuring
formation pressures.

Hydrologic tests at the.si~e-~whetherOSTs, ,open-hole tests, or cased-hole
tests--generally consisted of bailing a known' volume of fluid from the bore­
hole. Hydraulic parameters such as hydraulic conductivity, storage, trans­
missivity, and potentiometric head could be determined by the analysis of
observed fluid recovery.

Radioactive-tracer tests are conducted in some hydrologic test holes after
they have been cased and perforated at selected intervals •. The objective of
these tests is to check the quality of cement bonding between the casing and
the borehole wall and to provide estimates of the vertical distribution of

., permeability across the test interval.
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Water samples were obtained by bailing only after measurements of conduc­
tivity, temperature, and density had indicated that representative formation
water was being retrieved.

Rationale for establishing hydrologic complexes

Discussions between WIPP hydrologists and mathematical modelers revealed
special data requirements for hydrologic data collection. The general philos­
ophy of hydrologic data collection for the WIPP is outlined in a report (Lam­
bert and Mercer, 1977) that establishes a set of procedures for .thecollection
of data describing the hydrogeologic system of the Rustler Formation at a cer­
tain point. The goal of the data collection is to determine a distribution of
data values that can establish practical bounds on the spatial nonuniformity of
hydrologic parameters and on the variations in experimental results.

Like tests in other hydrologic test holes, these tests are intended to add
to the bank of data describing the potentiometric surface, the hydraulic con­
ductivity, and the water quality within the Magenta and the Culebra aquifers of
the Rustler Formation and the zone of contact between the Rustler and the Sala­
do. A closely spaced system of holes is required for multihole testing of par­
ticular water-bearing, yet low-yielding, zones. Close spacing provides an
opportunity for two-hole testing in a finite amount of time, even with the
expected low water velocities in the Rustler Formqtion (Mercer and Orr, 1977).

The locations of hydrologic complexes were based on the need for the fol­
lowing information:

1. HydraUlic definition near the center of the site and at its boundaries
(local ;hydrology)

2. HydraUlic definition outside the boundary of the site (regional
hydrology)

3. Location of salt-dissolution fronts and dissolution rates along the
western edge of the site

4. Data between already existing holes drilled for other purposes

5. Location of hydraulic boundaries proper for mathematical modeling

6. Location of recharge and discharge areas

7. Verification of assumed directions of groundwater flow

J.l.3 Meteorology

The primary source of meteorological data is the site meteorological sta­
tion, which has been operating since mid-1976. The three locations of the
station are shown in Figure J-9. Specifically, the latest location, 26 miles
east of Carlsbad in Section 21, T 22 S, R 31 E, is at elevation 1050 meters,
latitude 32 degrees 22.48 minutes north, and longitude 103 degrees 47.24
minutes west.
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Until May 1977 the meteorological monitoring system consisted of the following
sensors:

•
•••

Average wind speed, 10 meters
Wind direction, 10 meters
Humidity, 10 meters
Pressure, 1 meter

precipitation, 1 meter
Ionizing radiation, 1 meter
Sky radiation, 3 meters
Temperature, 10 meters

These sensors were interfaced with signal conditioners: their output 'was
recorded by a data logger and a strip-chart recorder. The data logger sequen­
tially sampled data at about three channels per second and displayed output
voltages on paper tape. Appropriate calibrations were made to convert this
information to engineering units. Computer programs were written to convert
and store the data. Peak wind speed was obtained by visually scanning the
wind-speed strip chart and finding the maximum wind speed during the hour pre­
ceding the report hour.

From November 1977 through March 1980 the meteorological system provided
data as described in Table J-2. The on-site meteorological system was
designed to comply with most of the criteria in NRC Regulatory Guide 1.23. In
September 1978 the 30-meter instruments were raised to 40 meters to insure
compliance with this regulatory guide.

The data are managed and processed with a system of.two PDP 11/03 mlnl­
computers, each capable of managing 40 channels of information. Recording is
made directly on a nine-track incremental magnetic tape. The wind speed and
wind direction continue to be recorded on a strip chart for a backup record.

The sensors in the present system are supplied by the Climatronics
Corporation. An exception is the rain gauge, which is supplied by Texas
Electronics. The sensors are described in Table J-3.

In addition to the above sensors, four solar and terrestrial radiation
sensors have been added to the system at a height of 3 meters. Of twopyra­
nometers, one measures the direct component of sunlight and the diffuse,
short-wave component of the skylight: the other measures th~ reflected short­
wave component from the surface. Of twopyrgeometers, one measures the long­
wave skylight components from the downward emission of atmospheric gases: the
other measures the upward emission and reflection'by natural surfaces and
atmospheric gases.

The pyranometer (Eppley Model PSP) has the following specifications:

Sensitivity
Impedance
Temperature dependence
Linearity
Mechanical vibration
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Figure J-9. Location of the meteorology and air-quality-monitoring station.

The pyrgeometer is an Eppley Model PIR~ it has the following
specifi cations:

3 mv/(W/m2)
700 ohms
+2% over -20 to +40OC
+1% from 0 to 700 W/m2
Tested to 20g
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Maintenance and calibration of all the sensors are performed on a formal,
periodic basis.

Additional sources of surface meteorological data used in the site meteor­
ological analysis are the Carlsbad-airport, Hobbs, and Roswell stations that
report to the National Climatic Center. upper-air data have come from the
Albuquerque, El Paso, Midland-Odessa, and Lubbock stations that report to the
National Climatic Center.



Table J-2. Summary of 'Meteorological Measurements

Parameter

Pressure
Precipitation
Dew point
Temperature
Wind speed
Wind direction

Temperature difference

Height
(meters)

3
1
3
3, 10, 30 a
3, 10, 30 a
3, 10, 30 a

10-3, 30-3,
30-10

Sampling
interval

1 hour
1 hour
1 hour
15 sec
0.1 secb
0.1' sec

15 sec

Recording
interval

1 hour
1 hour
1 hour
15 sec
15 sec
15 sec

15 sec

Units

mb
ern
°c
OC
m/sec
degrees clock­

wise from north
°c

aThis height was raised to 40 m in September 1978.
bFor each of the three levels of wind data, the 10-per-secondsamples

are processed to produce IS-second values of mean component values (east-west,
north-south), standard deviation of each component, coefficient of correlation
between the two components, standard deviations of downwind and crosswind com­
ponents, and downwind and crosswind ,components of turbulence intensity.

J.l.4 Air Quality

Air-quality measurements have been made at the meteorological station,
which has been at three locations since data cOllection began in early 1976
(Figure J-9). From January to June 1976 the measurements were made at the
AEC-8 drilling pad. The location was changed in June 1976 to the site of the
old Badger well in Section 15, R 31 E, T 22 S, and in May 1977 to the most
recent location in Section 21. Air-quality measurements were suspended in
October 1979.

The air-quality data collected at the si~e and the methods of collection
have been documented by Brewer and Metcalf (1977): Air-quality samples are
analyzed for total su~pended partiCUlates, sulfur dioxide, n,itrogen dioxide,
hydrogen sUlfide, carbon monoxide, and oz~ne. The program as operated before
November 1977 is desc"r ibed below. ..,

Total-suspended:"particulate sa~pie-s;'Jere't~kenwith a high-volume air
sampler that originally ~adits collector he~d attached to the instrument
trailer tower 4 feet ~bo"e thetrailei roof•. The samples were collected ·on
glass fiber or on Whabnan 41 4-inch-diameter' filters. Samples were collected
for 24 hours at a constant sampling rate of 18.5 ft3/min. The sampling: rate
was maintained by flow controllers •. Each sampie 'was analyzed for the concen­
tration of sodium, potassium, calcium, ~agnesi~, silicon, iron, aluminum,
chloride, and sulfate. These. elements and species were selected because they
are effluents released by the nearby' p6tash-~efining·Plants. Thewater­
soluble metals, sulfate, and chlorIde we're 'extracted from the filter by heat'­
ing in an aqueous solution for 2 hours. Sulfates and chlorides were analyzed
by turbidimetric and colorimetric.~ethods, respectively. After extraction,
the filters were dissolved in concentrated nitric acid, and the elements were
analyZed by atomic-absorption spectrophotometry.
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Table J-3. Specifications on Meteorological Sensors Used

WIND SPEED

Threshold
Distance constant
Accuracy
Range
Linearity
Stability
Survivability

Threshold
Distance constant
Accuracy
Damping ratio
Range
Linearity
Stability
Survivability

Range
Accuracy
Linearity

Range
Accuracy
Response time

Accuracy
Range

Range
Linearity
Sensitivity

Type
Measurement
Signal out

0.33 m/sec
1.5 meters
0.1 m/sec or ±l%, whichever greater
0.3 to 50 m/sec
+0.1% of full scale
+0.1% of full scale
Gusts' to 45 m/sec, sustained to 33 m/sec

WIND DIRECTION

0.33 m/sec
1. 5 meters
±2.5 degrees
0.4 degree at 10-degree angle of attack
o to 540 degrees
+0.1% of full scale
+0.1% of full scale
Gusts to 45 m/sec, sustained to 33 m/sec

TEMPERATURE

-30 to +50oC
+0.250 C
+0.2oC

DEW POINT

-40 to +42oC
+0.50 C
loc/min

TEMPERATURE DIFFERENTIAL

O.lOC
-2 to + 10°C

STATION PRESSURE

850 to 975 mb
+0.3%
0.2%

RAIN GAUGE

Tipping bucket
O.Ol-inch water per tip
Momentary switch closure
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Air samples for particle-size determination and mineralogical analysis
were taken for periods of 5 to 7 days bnce a month. A Sierra Cascade impactor
with five stages was used. The impactor was originally located on the trailer
roof, about 12 feet above the ground.

Sulfur dioxide, hydrogen sulfide, and nitrogen dioxide were determined by
wet-chemistry techniques. The sampii'ngfrequency was once a week on a
random-day basis. The wet-chemistry sampler was located about 3 feet above
the roof of the meteorological trailer. The sampling rate was 200 ml/min in
high-efficiency bubblers. The sulfur dioxide and nitrogen dioxide samples
were analyzed colorimetrically; the hydrogen sulfide samples were titrated.
The methods used were standardized through the use of samples of known
concentrations. '

Carbon monoxide was detected with a continuous nondispersive infrared
analyzer. An average concentration for each 24 hours was calculated. The
monitor was calibrated weekly by means ofa carbon monoxide-in-nitrogen gas
standard. The monitor sampling inlet was inside the housing of the Sierra
Cascade impactor.

Ozone was measured continuously with an automated ultraviolet-absorption
detection technique. An average concentration for each 24 hours was calcu­
lated. The ozone monitor was calibrated weekly by electronic methods.

After November 1977, changes were made to the original system for air­
quality monitoring. The system was automated to reduce recording by person­
nel. Of primary importance was the introduction of a redundant system of PDP
11/03 minicomputers to manage data input"from the sampling devices. The con­
centrations of all monitored species are monitored by the minicomputers. The
data are averaged and recorded every 15 seconds. The species continuously
monitored are ozone, oxides of nitrogen, carbon monoxide, total hydrocarbons,
sulfur dioxide, and hydrogen sulfide.

Changes in pollutant-detection techniques after November 1977 included new
methods for sulfur dioxide and hydrogen'sulfide, which were then measured with
pulsed-ultraviolet-fluorescence detectorsj'total hydrocarbons, which were then
measured with a flame-ionization detector; ,and oxides of nitrogen, which were
then measured by a chemiiuminescence techn'lque. Total-particulate samples were
analyzed for lead for about 6 months. This analysis was in addition to the
other elements measured before November 1977. No lead was detected in any of
the samples during this 6-month interval, and the analysis was therefore
discontinued. All elements are analyzed .. by, atomic-absorption spectrometry.

The location of some of the sampling equipment was alsO changed. The
Sierra Cascaqe impact~r' was. relocat~d 12_ feet above the ground on a sampling
platform. Thehigh-vdlume sampler and thewet~chemistrysampier inlet, a
chemical sampler now used as a backup syste~, are also on the platform at
heights of 10 and 8 feet, respectiveiy. The preoperational prOgram samplers
will remain at these levels. " ,,'.
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J .1. 5 Ecology

From 1975 .through 1977, the New M~~ico Environmental Instit,ut~ (NMEI) t:::..
carried out environmental baseline studies for the DOE in the area of the WIPP ,.
site. Their results are published in two progress reports'(Wolfe et al.,
1977a, 1977b).

During 1977, the biological team.was reorganized. Baseline studies were
continued and ln some cases augmented. The area within a 5~mile radius of the
center of the WIPP site was designated the Terrestrial Ecology Study Area.
Semipermanent transects, unfencedplots,~and exclosures have been established
in connection with ~hese studies. Some will be retained as permanent sites '
for ecological monitoring during and'after the operational'period. Field and
laboratory methods are detailed in the annual report for fiscal year 1978 (Best
and Neuhauser, 1979).

All major ,habitats within the. study area have been and ~re being sampled
seasonally for plants, mammals, birds, reptiles, amphibians, terrestrial
invertebrates, and aquatic species. In addition, microbial flora, soils,
and nutrient cycling have been and are being studied.

Soil studies

The objectives of t.he soil studies are (1) to confirm and refine the
physical and chemical descriptions of the major soils series in the study
areaJ (2) to study soil-water-plant relationshipsJ and (3) to characterize
biologically mediated chemical transformations in the soil. These activities
are being carried out in close cooperation with the vegetation mapping work
because plant community composition is often strongly influenced by soil
character istics.

Microbial processes in terrestrial and aquatic communities are being
studied to determine primary productivity and to assess what impact thes~ proc­
esses may have on radionuclide mobilization or demobilization. Furthermore,
soil crusts of ,cyanobacteria and lichens have been described at the siteJ they
cover large areas of soil and are thought to contribute significantly to soil
stabilization. T~e ~ffects of climatic variation ori these crusts and the rate
of colonization of freshly bared surfaces are of interest because the magnitude
of wind arid water' erosion at the site may be influenced by changes in. the soil
crust.

Botanical studies

The objectives of botanical studies are (1) to obtain as complete a
species list as possible, wit~ special attention to possible rare, threatened,
or endangered speciesJ and (2) to gather density and distribution data in order
to construct a vegetation map and to determine primary productivity. There~
productive and vegetative phenophases of dominant species are also being de­
termined. These data can be correlated with soil data, as' noted above, a'nd
with data' on corisumers (amphibians, reptiles, birds, and mammals) to provide a
picture of trophic relationships at the site. Annual and seasonal variations
due to changes in rainfall and other climatic factors are recorded. These var­
iations, which directly affect many popUlations of primary consumers, are often
extreme in this semiarid region. Baseline data covering several years will,
however, provide a reliable estimate of the magnitUde of natural variation.
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The succession of plant communities that occurs in disturbed areas and the
impact of grazing pressure on existing plant communities are also being studied
because WlPP construction must inevitably cause at least localized disturbances
that will alter the structure of'plant communities as defined by the baseline
data. The objective of these studies is to obtain data that will make it pos­
sible to predict the kind and the magnitude of changes induced by such disturb­
ances.

Terrestrial invertebrate studies

In addition to providing an inventory list of invertebrates in the study
area, the studies focus on the role of soil arthropods, especially termites,
in the cycling of soil nutrients and detritus. In aqdition to density and
distribution data, feeding rates and estimates of the quantities and types of
material transported and consumed are being made~ the effects of termites on
soil movement and redistribution are also being measured. Aside from their
crucial role in nutrient cycling in this ecosystem, the termites may affect
the distribution of radionuclides deposited on soil and plant surfaces.

Terrestrial vertebrate studies

The species composition and density distribution of terrestrial verte­
brates within the study area are being studied, as are the feeding habits,
population dynamics, and reproductive phenology of selected species. These
studies include amphibians, reptiles, birds, and mammals. Significant annual
changes in densities are correlated with plant density and weather data.
Special attention is given to the possible presence of rare, threatened, or
endangered species.

Aquatic studies

The objective of the ~quatic studies is to establish baseline levels for
parameters of significance at the aquatic study sites. These include physical­
chemical water-quality data, density, and population dynamics data for flora
and fauna at major trophic levels. Study sites are located a~ stock tanks
within the terrestrial study area, nearby playas, Laguna Grande. de la Sal, and
several stations along the Pecos River. The possible presence of rare, threat­
ened, or endangered species is given special attention.

Radioecological monitoring

As a result of the above studies" indicator organisms will be selected for
long-term monitor ing. Factors involvea in: the selection process will include
trophic level, sensitivity to other ecological stresses, an~ difFiculty and
expense of monitoring. Organisms at high 'trophic levelsshoil11:r'be included to
detect biomagnification. However, several otherwise suitable species--for
example, hawks--are rare and/or protected ,by law. Thus, the selection process
must consider such factors as well as strictly technical considerations. Final
development of a monitoring program cannot take place until all baseline data
are analyzed.
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J.I.6 Radiation Monitoring

A radiation-monitoring program has been established at the WIPP site to ~
assess the level of natural background radiation in the area and its varia- ,
tions with time. This program will continue at its present level until about
2 years prior to the expected beginning of plant operation. At that time, the
program will be increased in scope to be consistent with the requirements of
EROA Manual Chapter 0513--the current DOE regulations for preoperational envi­
ronmental monitoring.

When the current environmental sampling program was instituted, no site­
specific meteorological data were available to use in choosing sampling loca­
tions, nor had a potential site been selected for the WIPP surface facilities.
Therefore, several-sites were selected that would be accessible and would pro­
vide information on the variability of the radiation background within the
boundaries of the site. with the meteorological data now available, th~ se­
lection of future sampling locations can be based on EPA guidelines for
nuclear power plants (EPA ORO/SID 72-2), taking into account local terrain,
population distribution, and meteorological conditions.

The preoperational program is characterized below, although it cannot be
described in detail until the WIPP is nearer to operation. The construction
of the WIPP will have no effect on the radiological levels of the environment
except that the accumulation of mined-salt piles, which contain naturally
occurring potassium-40, radon-220, and radon-222, may increase the site back­
ground levels slightly. More detail will be added when the full program begins
2 years before the expected commencement of operation. Instrument detection
limits and sensitivities will be selected to insure that radiation levels well
below standards can be detected. In addition, a strict quality-assurance pro­
gram will be followed. Procedures will be written and standardized for each
type of analysis. Accuracy and standardization will be maintained by routine
quality-control procedures. The quality-assurance program will also insure
samples of sufficient size to provide accurate measurements.

Air particulates

Air-particulate samples ha~e been taken at the site meteorological station
(Figure J-IO). Samples were taken three times a week for 24 hours by a high­
volume air sampler (18.5 ft3/min) with Whatman-41 filter media. Gross beta
concentrations are measured by a beta proportional counter. If the beta activ­
ity exceeds 0.06 pCi/m3 , a gamma scan may also be taken.

For the preoperational monitoring program a network of air samplers will
be established at and in the vicinity of the WIPP site. Sampling sites will
be determined based on population distribution, meteorological conditions, and
other factors to insure that both maximum and representative conditions can be
detected. Gross-alpha and gross beta counting will be performed on the filter
media, and analyses of the collected particulates will be performed.

If the results of the initial counting indicate that higher than normal
concentrations are present, additional analyses will be performed to determine
the source and type of nuclides in the samples.
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Figure J-10. Proposed air-particulate-monitoring stations.

Soil samples

Radionuclides in soil can be determined by laboratory analyses of soil sam­
ples taken at several locations in the vicinity of the WIPP site or by field
gamma spectroscopy at selected locations. Gamma-emitting radionuclides could
be determined by either technique, but the presence of plutonium would have to
be inferred from the measurement of americi~24l if the in-situ technique is
used. Initial soil profile samples would be necessary to determine the verti­
cal distribution of any radionuclides present.

Direct gamma radiation

Levels of direct gamma.radiation ·curren~ly are .bein9 .measured a~ the site.
This program will be.continued on a :,limited basis until 2 years before opera­
tion.The present program uses one Reuter-Stokes pressurized ionization cham­
ber at the :meteorological station. Toe rad:iation level is measured' 90ntinu­
ously and averaged on a weekly basis. Gamma-radiation measurements,.are also
made at seven different locations (FigureJ-ll) by thermoluminescent dosimeters
(TLDs). At each location, five TLD-IOO chips ar~ placed 'approximately 1 meter
above the ground~ these are exchanged.and e~al~~~ed quar~erly. .

Two years before operation begins, the preoperational moni tor:ing program
will be increased in scope to include TLD stations at several additional sites
in the vicinity of the WIPP site.

J-25



AEC-7

ERDA·6~ i
WIPP·11

W • ~ Are:;
-;:::::r~

~......-?
;:.;--"

r ~
...J

~~~ 1
~~

Badger
... _~.-JL..,-.

~~
~ Meteorological

1\Station
ERDA·9 • -

-
V l

.J

l .r
"'"
~

N•--Existing roads ................. Gas line

Figure J-ll. Locations of thermoluminescent dosimeters
in the site area. An additional thermolumines­
cent dosimeter will be located in Carlsbad.

Water sampling

One of the most important aspects of the radiological monitoring program
will be to monitor groundwater at available sampling locations (Figure J-12).
Considerable attention will be given to groundwater monitoring, since ground­
water is a potential pathway for radionuclide transport. Sampling locations
at the site will be established and sampling begun 2 years before operation.
All sites will be monitored quarterly for gross alpha and gross beta concentra­
tions. Isotopes present in the water will be identified by the analysis of
gamma-ray spectra.

Beginning 2 years before the start of operations, surface-water samples
from the Pecos River will be taken on a routine schedule and possibly after
periods of rainfall. Surface-water samples will be evaluated by gamma­
spectrum isotoPe analyses.
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No well whose water is used for human consumption exists within 5 miles of
the site. Public drinking water supplies in Carlsbad, Loving, and Malaga are
presently being monitored annually by the EPA as a result of the Gnome project
in 1961. That monitoring program is discussed elsewhere in this appendix.

Sediment, benthic organisms, aquatic plants, fish, and shellfish

No sampling of benthic organisms, aquatic plants, fish, or shellfish is
planned because the nearest surface water, excluding water tanks, an impound­
ment, and salt lakes, is 14 miles away from the site at its closest point.
However, to account for the extremely remote possibility of radionuclide
buildup on sediments over long periods of time, baseline radiation levels in
sediments of the Pecos River will be determined~ these will be compared with
data obtained after operation conunences. Such samples will be taken along
with surface-water samples and will be subjected to ganuna-spectrum isotope
analyses.

Milk

No milk sampling is planned since the nearest dairy farm is more than
40 miles away. No conunercial feed crops are grown within 10 miles of the
site.

Fruits and vegetables

No food crops for public consumption are grown within 10 miles of the
site. Therefore, there are no plans to sample food crops except for green
leafy vegetables and representative fruits from any private garden plot that
may come to exist within 5 miles of the site. Sampling will be performed at
each harvest. The edible portions of these fruits and vegetables will be
subjected to a ganuna-spectrum,-isotope analysis. The green leafy vegetables
will also be analyzed for tritium. The sampling of existing private garden
plots will start 2 years before operation begins.

Meat and poultry

At least one sample each of meat, poultry, and eggs from fowl, if any,
feeding on land within 10 miles of the site in the prevailing downwind direc­
tion will be collected annually. One of the major game species, the mourning
dove, will be collected in season. One sample of beef from cattle grazing
within 10 miles of the site in the prevailing downwind direction will be
taken annually, if available. This sampling will conunence 2 years before the
WIPP begins operating~ Edible portions will be analyzed for ganuna-emitting
radioisotopes and the predominant actinides expected to be present in the
waste emplaced in the WIPP.

. !

J,.2 PROPOSED OPERATIONAL MONITORING PROGRAMS

The preoperational monitoring programs described in
form the basis of the operational monitoring programs.
grams, however, will profit from the experience and the
during the preoperational phase.
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During the construction and routine operation of the WIPP, several monitor~. .....
ing programs will be conducted to insure that nO-,unacceptable geologic"cortdr-;:
tions are encountered or caused by developmenf of the~facility. ,~~
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Underground monitoring

As shafts are sunk and drifts are mined into the salt, geologic mapping of
stratigraphic units and structural features will be conducted regularly.
Before mining drifts, horizontal pilot holes will be cored along the drift
paths and the rock examined to provide information on physical properties.
When suitable, r~dar sounding will be used to probe in advance of mining for
pockets of brine or gas.

J.2.l Geology



Deformation gauges will be installed at important locations in the shaft
pillar region and in major haulage-and-access drifts. These gauges will be
monitored regularly and compared with expected deformations calculated by rock­
mechanics computer codes. The shafts will be regularly inspected to detect any
unusual movement of the shaft walls.

Bulk salt samples obtained from the waste-storage and experiment rooms
will be analyzed to determine the chemical makeup, brine content, mechanical
properties, and thermal properties. This sampling will establish whether the
medium has been adequately described from earlier, more limited, samples. If
the deviations in properties are significant, new calculations will be per­
formed to describe the repository behavior.

Surface measurements of geologic parameters

Continuous monitoring of seismic activity will be conducted by seismom­
eters located near the surface buildings but remote enough to avoid micro­
seisms produced by human activities. This station will monitor regional and
local natural seismicity and microseisms that may develop from subsidence: it
will document the grour~ motions imposed on surface facilities.

Surface level-line stations that have been and will be installed over the
site will be resurveyed regularly, perhaps every 1 to 5 years, to detail the
movement of the surface in response to thermal loading and room collapse. The
results will be compared with calculated results to monitor room collapse after
individual rooms or sections of the WIPP have been closed.

J.2.2 Hydrology

The hydrologic program described in this appendix is expected to extend
well beyond the operational lifetime of the WIPP. Long-term proposals include
the installation of water-level recorders in all monitored wells. The continu­
ous output from the recorders will be correlated with barometric data from the
local weather station to eliminate atmospheric influences in water~level fluc­
tuations.

The surface hydrology of the region will be defined in·terms of the major
components that contribute to surface flows and water quality. Water balances
in critical areas of interest or local watersheds will be investigated to
establish the scope of aquifer recharge and to predict hydrologic changes.
Measurement programs for spring flows, potash effluent, and other surface run­
off will be carried out.

It is expected that groundwater sampling for long-term monitoring will be
performed on an annual basis. However, after· mining for the WIPP has started,
sampling will be quarterly until conditions stabilize. The increased frequency
of measurement will permit early detection of changes in groundwater systems
from mining and construction activities.
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J.2.3 Meteorology

The operational monitoring program will follow the preoperational program
very closely. The measurements taken during the preoperational phase will •
continue to be taken at a permanently established monitoring station. The
increased amounts of data will be used to better characterize the meteoro­
logical conditions at the site.

J.2.4 Air Quality

The operational air-quality monitoring program is expected to be identical
with the preoperational program. The program will remain flexible, however,
to meet the requirements of new sampling regulations and guidelines, either
State or Federal. The program, in all cases, will be adequate to establish
whether or not State and Federal air-qual~ty standards are being met.

J.2.5 Ecology

The operational ecological monitoring program, building on the foundation
established through preoperational ecological monitoring, will document the
ecological effects of construction and operation. The proposed monitoring plan
will be flexible to permit modifications. Initial experience may suggest such
modifications as changes in instrumentation, addition or deletion of param­
eters, adjustments in the number and location of sampling stations, or altera­
tions in the frequency of observations and the number of replications.

Sampling methods and strategy will follow those presented in the preopera­
tional biological monitoring program, unless there is substantial reason to
modify them. However, operational monitoring will focus primarily on indica­
tor organisms and selected abiotic parameters. Biological data will be col­
lected near meteorological and radiation-monitoring stations (when possible)
to facilitate correlation with data collected at these stations. Samples will
be collected during each season at biologically significant times (as deter­
mined through preoperational monitoring). When unusual trends are observed,
sampling will be intensified to elucidate the cause. Unusual trends will not
necessarily be attributable to the WIPP because biota respond dramatically to
fluctuations in rainfall and resource availability.

Information generated by the operational (and preoperational) monitoring
program will be published by the principal investigators in recognized profes­
sional journals and presented at appropriate meetings and symposia. In addi­
tion, all work will be reviewed by an independent committee of scientists from
appropriate fields. These practices will insure that data are being collected
.and interpreted according to the most up-to-date professional standards.

J.2.6 Radiation Monitoring

The radiation-monitoring program provides data on measurable levels of
radioactivity in effluents and the environment. This monitoring is done to
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Effluent monitoring

Both the on-site and off-site effluent and environmental monitoring programs
are discussed below.

3~ It provides a means of evaluating the impact of WIPP operations on the
environment.

J-3l

Electrically grounding the p~obe to minimize electros~atic deposition

Locating the filter holder as c~ose, .to the probe as possible to
minimize,particle fa!loutinthe transport line

Insulating and, if necessary, electrically heating the lines between
the probe and the filter holder to eliminate condensation

Providing a flush line to allow periodic cleaning of the probe and the
transport line if necessary

Designing the interior finish and 'general arrangement of the probe to
minimizeturbul~nt.deposition' .

2.

1.

4.

3.

5.

assist in evaluating the relationships between the radioactivity released in
effluents and the resultant radiation doses received by people beyond the
boundaries of the site through credible pathways of ex~osure.

1. It identifies measurable changes in off-site radiation levels or
quantities of biologically significant radionuclides.

The off-site environmental radiation monitoring'program, coupled with on­
site effluent monitoring, performs the following functions:

2. It provides a means of determining whether off-site radiation
exposures are maintained as low as reasonably achievable and are
within applicable limits.

Other design features to'be inc6rporate.d to imp'rove sampling efficiency
include the following:

The gaseous-exhaust systems provide potential pathways fo~ the release of
airborne radionuclides. The effluent monitoring system located at each
release point will consist of measuring devices that sample airborne
particulate radioactivity.

Samplers will be installed at the release points to collect the particulate
activity from· a representative fraction of, the total volume of air being
discharged at the release point. The samplers will consist of a probe into
the air stream, a filter holder, and a vacuum supply. The sampling probe ~ill

be designed in accordance with ANSI N13.l-l969. The sampling flow rate and
probe will be designed so that the particle velocity in the effluent stream
will be the same as the particle velocity in the 'sample probe. This will
eliminate particle-size biases in the sampler. A sample flow~rate controller
will maintain constant sample flow as the fHter collects dust. This will
increase the pressure drop across the filter and tend to reduce sample flow.



The filter holder will be designed to prevent leakage of ambient air into
the filter holder and to support the filter paper under the design pressure of
the vacuum supply. Furthermore, the holder will be designed so that particu- ~

late matter is uniformly deposited on the filter paper to avoid inefficiencies ~
in sample counting.

. The samplers will provide a record of the total airborne particulate
radioactivity discharged. In order to provide the lowest minimum detectable
concentration at the discharge point, the sampling periods will be as long as
possible so that the largest practical volume of air is sampled., .

Both alpha and beta-gamma continuous air monitors will be located at the
release points. These instruments will sample air from the release point
through a probe similar to that designed for the filter sampler. The sample
flow will be split so that half of the air being sampled is directed to each
of the instruments.

The sensitivity of the beta instrument will be such that a concentration of
1 x 10-12 microcurie of strontium-90 and yttrium-90 per cubic centimeter pro­
duces a response of about 11 counts per minute after 4 hours at a sampling flow
of 60 liters per minute. Alpha instrument sensitivity will be such that the .
release-point maximum permissible plutonium-239 concentration (2 x 10-12
microcurie per cubic centimeter) can be detected in4 hours at a sampling flow
rate of 60 liters per minute. The instruments will be designed to meet the
requirements of ANSI N13.10-1974. The radionuclide inventory of. the WIPP will
be such that there will be no need to monitor continuously for either iodine
or noble gases.

The effluent-monitoring systems will be designed to withstand the effects
of a design-basis earthquake and supplied with emergency power to allow moni­
toring in the event of a power failure.

Environmental radiation monitoring

After the WIPP begins operating, a program for monitoring environmental
radiation levels will be operated continuously in order to verify projected or
expected radioactivity concentrations and related public exposures in accord­
ance ~ith ERDA Manual Chapter 0513. When operations begin, the operational
monitoring program is expected to be essentially identical with the preopera­
tional monitoring program. Initially, at least, the same media will be sam­
pled, the same samplin~ locations will be monitored, and the same types of

I

analyses will be made.· However, the operational program will be flexible1 it
will be continually reevaluated and modified if needed. A strict quality­
control program will be followed to insure the accuracy of samples and measure­
ments. If any additional radioactivity is detected beyond the levels expected
from preoperational monitoring results, an immediate program of evaluation will
be undertaken to discover and eliminate the cause.

Equipment sensitivities

The equipment use~

sensitivities required
10 CFR 20, Appendix B.
ually be evaluated for

for measurement during operation will meet or exceed the
to detect radiation levels below the limits described in
State-of-the-art equipment and instruments willcontin­

incorporation into the monitoring program.
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Data reporting

Annual reports will summarize the environmental-sample monitoring. These
reports will provide applicable data in the format required by ERDA Manual

\ Chapter 0513. They will include the results of environmental activities and
assessments of observed environmental impacts.

J.3 POSTOPERATIONAL MONITORING PROGRAMS

The basic purpose/of geologic disposal is to isolate wastes from the bio­
sphere so that surveillance will not be needed after the repository is closed.
Indeed, the WIPP will not be closed up at all if there is any serious concern
regarding the post-decommissioning risk.

For a limited time after the WIPP is decommissioned, monitoring will con­
tinue. This monitoring will, for the most part, be a continuation of the
operational monitoring program. The rationale for the postoperational moni­
toring program is presented in this section.

The objective of postoperational monitoring is to give timely warning of
radionuclide releases or of events or processes that may precede the release
of radionuclides to the environment. This goal will require measures to as­
sure people in the future that no gross underestimate of risks has been made.
It is expected that this can be accomplished by periodic, rather than continu­
ous, observations and that the monitoring program would not be complex.

Three kinds of post-decommissioning monitoring appear to be appropriate:
geologic, hydrologic, and radiologic. Possible measurements are outlined in
Table J-4. Much of the operational monitoring program is designed to detect
impacts associated with the operation of the WIPP. Portions of the opera­
tional monitoring program, like measurements of effluents and meteorological
parameters, will no longer be appropriate.

Geologic monitoring is primarily concerned with detecting,variations
in geologic parameters that may reveal a release of radioactivity, whether
the variations are caused by natural geologic events or by the presence of the
repository. The fundamental measuremeJ)t will be periodic resurveys of the
surface to observe the depth and areal extent of subsi~enc~assoCiatedwith
closure of the subsurface cavities. In addition, a periodic ~urface geologic
reconnaissance will be' conducted for "fractures and other phenomena indicative
of subsurface movement. Borehole monitoring would not be undertaken because
holes located close enough to the waste 'to measure geologic movement and sub­
surface ,temperatures would at the same time breach the natural int~grity of
the strata over or near the waste. '

The postoperational radiation~monitoringprogram will include measure­
ments of activity levels in biological indicator species. The sampling pro­
gram will give direct assurance that some unanticipated ~vent has not bypassed
the natural and man-made barriers against release of radioactivity and that
radionuclides have not been missed in the radiobiological monitoring of down­
gradient groundwater. Useful indicator species will be designated before de­
commissioning. At the surface above the disposal area, such sampling might be
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Table J-4. Outline of the post-Decommissioning Monitoring Program

Measurement Location Frequency Objective

Borehole measurement
and sampling

Gross alpha activity
Gross beta activity
Chemistry

Head measurements

Resurvey of
surface topography

Sampling of indicator
species

Sampling of water,
indicator species

HYDROLOGIC MONITORING

Holes down- 5-10 years
gradient at a
distance of
2 miles or more

GOOLOGIC MONITORING

Level lines 5-10 years
across surface
of site

RADIOLOGICAL MONITORING

At and near site 5-10 years

At groundwater 5-10 years
discharge'
points

To detect migration
of radionuclides
out of disposal
area

To detect any change
in hydrology

To detect and
measure subsidence
and/or uplift

To detect releases
directly

To detect releases
directly

of grasses and game birds. At the groundwater discharge points in lower Nash
Draw and along the Pecos River, such sampling might be of water and periphyton.

Hydrologic monitoring will continue almost undiminished from the opera­
tional phase because groundwater is the most likely pathway for radionuclide
transport in the long term. The basic hydrologic monitoring will consist of
periodic sampling and radiobiological analysis of water from open boreholes
downgradient from the disposal area. There are at present five hydrologic
holes in control zone IV that could be used for this purpose (holes P~14, P-15,
P-17, P-18, and H~4), and it may be necessary to drill more holes to eliminate
the possibility that a plume of released radionuclides might pass between moni­
toring holes'without being observed. The hydrologic test holes in control zone
II and all upgradient test holes will be plugged. The latter will not be
needed, and to leave the former open would be to leave a potential connection
between aquifers and S~lado salt.
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J.4 RELATED ENVIRONMENTAL PROGRAMS BY OTHERS

J.4.1 Bureau of Land Management

In 1974, the Bureau of Land Management (BLM) began preparation of a
preliminary regional environmental assessment record (EAR) (BLM, 1976a) in
order to fulfill responsibilities outlined in the National Environmental
Policy Act of 1969. The compilation of an EAR was the major step toward the
resumption of potash leasing and prospecting in the Carlsbad area. The prelim­
inary document was published in October 1975, and the Executive Summary and
Supplement (BLM, 1976a and b) was completed in 1976. Public-reference copies
of this document are available in the city libraries of Carlsbad, Hobbs, and
Albuquerque, as well as at the BLM offices in Santa Fe and Albuquerque.

J.4.2 New Mexico Environmental Improvement Division

The New Mexico Environmental Improvement Agency (now Division) performed
an air-quality assessment of the potash-mining activities in the general area
of the WIPP site. The assessment was undertaken after apparent violations of
the State and Federal air-quality standards were mentioned in the environmental
assessment record of the BLM. The assessment analyzes the impact of the potash
industry on the airJ the analysis used computer-modeling techniques to predict
average air-particulate levels in the vicinity of the local potash mines.

The Air Quality Division of the NMEID monitor~ air quality throughout the
State and provides data on the concentrations of total suspended particulates,
sulfur dioxide, carbon monoxide, and ozone. The information recently gathered
in the vicinity of the site is in the Municipal Building in Carlsbad. Only
total suspended particulates are measured at the site. Other sites of inter­
est are at Artesia, Hobbs, and LovingtonJ data are available on microfiche on
a semiannual basis.

J.4.3 U.S. Geological Survey

The U.S. Geological Survey (USGS) has had major involvement in character­
izing the hydrology and geology of the area surrounding the site. The involve­
ment was further intensified when the.DOE (and its predecessors, ERDA and AEC)
and BLM requested detailed studies in the area. The AEC needed site character­
ization for Project Gnome in 1961JtheUSGS performed a,4etailed hydrologic
and geologic study of the Gnome site during the period between 1958 and 1961.
The BLM needed assistance in preparing the preliminary environmental analysis
record and requested input from the USGS. Also, the State of New Mexico has
received assistance in the preparation of hydrologic reports for many parts of
the State, including the site. On a routine monitoring basis, the USGS issues
an annual generic water-data report. The report describ~s water resources in
the State of New Mexico (USGS, 1977). The detailed data include discharge
rates of streams and water levels of selected wells in the site area. Some
chemical analyses'of selected water samples are also documented in the same
report. Furthermore, the USGS performs environmental analyses for proposed
oil and gas operations. Through this process, an assessment of environmental
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impacts would be made before any further development of Federal mineral re­
sources would be allowed.

J.4.4 Environmental Protection Agency, Las Vegas, Nevada

The Environmental Protection Agency (EPA) has performed environmental
monitoring surveys in the vicinity of the site as a result of Project Gnome.
Except at the Nevada Test Site, the EPA monitors wells, springs, and spring­
fed surface-water sources at sites where underground nuclear detonations have
taken place; the monitoring looks for the migration of radionuclides resulting
from the movement of groundwater. Consequently, a number of wells in the
vicinity of the Gnome site are monitored annually by the EPA. In addition to
the water monitoring, the EPA has monitored radionuclide concentrations in
plant and animal tissues collected at the Gnome site.

J.4.5 Potash Industry

Some detailed environmental monitoring of the potash industry before 1976
resulted from the preliminary environmental assessment record. Although the
monitoring included soil and well-water sampling, the potash mines in the
Carlsbad area do not generally have extensive environmental monitoring pro­
grams. Present levels of monitoring are beginning to increase as a result of
interaction with the NMEID. The most extensive monitoring programs include the
collection of meteorological data and high-volume air sampling for total s~s- .
pended particulates; such programs are conducted at two of the seven potash
mines in the vicinity of the WIPP site. As State guidelines for high-volume
samplirig are formulated, similar programs can be expected at other mines.

J.4.6 National Oceanic and Atmospheric Administration

The National Oceanic and Atmospheric Administration provides a Climatolog­
ical Data Publication, which is published by the National Climatic Center
(NOC). It is a compendium of reports from selected weather stations through­
out the United States, 9nd it includes such data as temperature, daily precipi­
tation,'wind speed, humidity, and sky cover. More detailed data are available
through the NOC for selected sites. This~information is available to the gen­
eral public through a monthly subscription service. However, meteorological
data specific to the WIPP site are not available from the NCC.

J.4.7 New Mexico Department of Game and Fish

A study being conducted by the New Mexico Department of Game and Fish
will provide information related to the WIPP biological monitoring program.
This study'monitors conditions and trends of range lands grazed by livestock
and wildlife in four southern New Mexico counties (including Eddy County).
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J.4.8 Ongoing Regional Ecological Studies

In addition to the comprehensive ecological studies being carried out by
the WIPP project, several ecological investigations are being carried out in
the region by governmental agencies and university researchers.

The Roswell District of the BLM is completing an extensive preliminary
draft environmental statement (PDES) on proposed livestock-grazing practices
on public lands in southeastern New Mexico, east of the Pecos River. In addi­
tion, the BLM is sponsoring a groundwater study related to potash mining in
the Region (A. Gebel, personal communication, August 25, 1978). The primary
questions to be answered by the BLM study are the following:

1. Is fresh water in the Carlsbad potash area in danger of contamination
from current or expanded potash-mining activity?

2. Is the brackishness of the Pecos River below Malaga Bend in whole or
in part attributable to mining activities?

3. Is the amount of leakage from brine-disposal ponds significant when
compared to the tremendous volumes of naturally occurring brines?

The hydrology investigation also includes an evaluation of phreatophytes
and wetland vegetation as water-quality indicators and a botanical evaluation
of Nash Draw (Geohydrology Associates, 1978).

The Bureau of Reclamation at Amarillo, Texas, is continuing to update the
project history of the Malaga Bend Division-McMillan Delta Project. The Malaga
Bend Division was an experimental salinity-alleviation project intended to
improve the water quality in the Pecos River by lowering the head of the brine
aquifer at Malaga Bend and thus diverting the brine. In 1976 active monitoring
on the project was discontinued.

The Bureau of Reclamation at Amarillo is also currently preparing a
supplement to its final environmental impact statement on the Brantley Dam
project, which is located on the Pecos River approximately 12 miles northwest
of Carlsbad. Fishery studies have been conducted by the State of New Mexico
to determine the fish species present in the area and to develop possible
mitigation measures to protect the rare fish i~ Major Johnson Springs.

l Reynolds Electrical & Engineering Co., Inc., has been conducting a radio-
i illogical survey for the DOE Nevada Operations Off;ice at the Gnome siteo pr~­

?:ct Gnome was the first scientific exper inient in"hhe Plowshare Program in
~Deceniber 1961. Portions of the 1-square-mi1e site were contaminated during
~ine-back operations and postshot activities. The ;survey involves monitoring

(radiation levels and includes decontamination and decommissioning of the site
\ (D. D. Jackson, DOE, personal communication, Septeniber 26, 1978).

Various projects are being carried out in the site area by university
researchers. For example, graduate students at Eastern New Mexico University
have been stUdying the fish fauna in the Black River, an endemic subspecies of
white-tailed deer at the Mescalero Sands in northern Eddy County, and pocket
mice in eastern Eddy County (A. L. Gennaro and J. E. Sublette, Eastern New
Mexico University, personal communication, Septeniber 21, 1978).
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The study being conducted by the New Mexico Department of Game anq Fish,
which will provide information of use to the WIPP biological monitoring
program, was discussed earlier.
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Appendix K

MErHODS USED IN LONG-TERM SAFETY ANALYSES

K.l HYDROLOGIC TRANSPORT

K.l.l Introduction

The numerical model used for hydrologic-transport calculations was devel­
oped by Intera Environmental Consultants, Inc., for the Nuclear Regulatory
Commission (Dillon et al., 1977). It is a modified version of a deep-well­
disposal model developed for the U.S. Geological Survey (INTERCOMP, 1976).
The model is three-dimensional and uses finite-difference methods to solve a
set of partial differential equations describing fluid.flow, energy, salinity,
and radionuclide concentration in a porous medium. The basic equations are
coupled by two properties of the fluid: density and viscosity.

Three basic coupled equations describe the conservation of total liquid
mass, the conservation of energy, and the conservation of the mass of a single
solute in the fluid. In addition, there are coupled equations describing the
conservation of mass for each of the radioactive constituents dissolved in the
fluid~ these equations are coupled by terms that account for radioactive decay
and the production of daughter radionuclides from decaying parent radio­
nuclides.

This set of equations predicts the concentrations of radioactive consti­
tuents and of the specified inert components. It also predicts the temper­
ature and pressure patterns that result from the flow and discharge of liquid·
waste. The aquifer fluid properties are permitted to be functions of the
concentration and temperature of liquid chemical waste.

The basic physical assumptions contained in the model equations are as
follows:

1. Flow is three-dimensional, transient, and laminar.

2. Fluid density can be a function of the pressure, temperature, and
concentration of the inert-component. Fluid viscosity can be a func­
tion of temperature and concentration.

3. Injected wa~tes can mix with the in-p~ace fluids.

4. Aquifer properties vary with position~ i. e., porosity, permeabil-
ity, thickness, and elevation can pe specifie~ for each numerical grid
block in the model.

5. Hydrodynamic dispersion 'is a function of fluid velocity.
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6. Radioactive constituents are present in trace quantities only: that
is, fluid properties are independerit ~f the concentrations of these
contaminants.

7. Chemical reactions among the radioactive trace constituents and chemi­
cal species on the porous rock surfaces go to equilibrium instantane­
ously.

8. The energy equation can be described as "enthalpy in - enthalpy out =
change in the internal energy of the system." This is rigorous except
for kinetic energy and potential energy, which have been neglected.

9. Boundary conditions allow for natural water movement in the aquifer,
heat losses to adjacent formations, and the location of injection,
production, and observation points anywhere within the system.

A more technical description of the model equations is provided in the next
subsection.

K.l.2 Reservoir Model Equations

Let x, y, z be a Cartesian coordinate system and let Z(x,y,z} be the
height of a point above a horizontal reference plane. The basic equation de­
scribing single-phase flow in a porous medium combines the continuity equation

V'p~ + q'

and Darcy's law in three dimensions,

a= --(epp)at (K-l)

u = -~Vp - pgVZ)
1l

(K-2)

(SYmbols are defined in Table K-l.) The basic flow equation is then

V· P:(Vp - pgVZ) - q' = it(<PP) (K-3)

The energy balance defined.as (enthalpy in - enthalpy out = change -in internal
energy) is described by the energy equation

V· [P:C(VP - pqVZ)] -+ V'~H'VT - eti - q'H - ~

a
• 1t[epPU + (1 - <p) (PCp)RT]

K-2

(K-4)



The five terms on the left-hand side of Equation K-4 describe net energy con­
vection, conduction, heat loss ~o surrounding strata, enthalpy accompanying a
fluid source, and energy not accompanying a fluid source. A material balance
for the solute produces the solute~concentrationequation.

,[ ..k J' .. A a AV. pC- (Vp - pgVZ) + V·PE·VC - q'C = -;-(pepC)
\.I :c at

(K-5)

The three terms on the left-hand side of Equation K-5 represent net convection,
dispersion, and production of the solute. A similar material balance for N
radioactive components results in N component equations. For component i,

V· [pc.!5. (Vp - P9VZ>] + V·PE ·VC. - q'1\.1 =c 1 1

where

(K-6)

= k .pepC. + kk' P (1 - ep)C .
'K1 1 1 S 81

(K-7)

The two summation terms describe the generation of component i from the decay
of other radionuc1ides and the decay of component i to other radionuclides.
Implicit in Equation K-6 is the approximation

The equilibrium adsorption constant is defined as follows:

(K-S)

K .. 1 +
i

(K-9)

where (Kd)i is the distribution coefficient for compound i.

The system of Equations K-3,K-4, K~5,and K-6--along with the fluid­
property dependence on pressure, temperature, and concentration--describes the
reservoir flow due to the discharge of· :wastes into an aquifer. This nonlinear
system of partial differential equations must be solved numerically by high­
speed digital computers. Equations K-3, K-4, and K-5 are coupled through
fluid-property dependence. Since it is assumed that the radioactive compon~

ents are present in trace quantities 6rtly. and the fluid properties are inde­
pendent of these concentrations, Equation K-6 is uncoupled from the other

t . Iequa l.ons.
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These ~quations are solved by dividing the region of interest into three­
dimensional grid blocks and constructing finite-difference approximations to
all partial derivatives in this grid. The resulting set of finite-difference
equations have numerical solutions that closely approximate the analytic
solutions of Equations K-3, K-4, K-S, and K-6 in certain simplified (one­
dimensional) geometries. The finite-difference equations in three dimensions
are as follows:

Basic flow equation.

Energy equation

~[T (6p - pg~Z)] - q
w

v
"" Ate5(~P) (K-10)

. Solute equation

(K-ll)

(K-12)

Trace-component equation

~ [T C. (Ap - pg6Z)] + t..(T ~C.) - q1' + Vp L: k . .K. C.
W 1 C 1 1J J J

"" VK. P
- VpK.C. LJk' k = At

1
e5C.

11 1 Q 1.

The difference operators in space are defined by

A(T Ap) =A (T A p) + A (T A~~) + A (T A p)w x w x- y w y- z . w z

(K-13)

(K-14)

with
6 (T 6 p) "" T· ( n+1 n+1 )

x w X- w,i+l/2,j,k Pi+1,j,k - Pi,j,k

(
n+1 n+1 )

Tw,i-l/2,j,k Pi,j,k - Pi-l,j,k (K-lS)

The symbol 8\, denotes variation over a single time step; for any quantity X,

\\ 0+1 0
\'. oX "" X - X (K-16)

K-4



The terms

have been introduced for notational convenience: since all of them are
position-dependent, a further expansion is illustrated as

(K-17)

(K-18)

(K-19)

T •w,i+l/2,j,k

For radial geometry, the term

(K-20)

becomes 211'~k/ln(ri+l/ri). The volume term is written as lI'ar~azk.

Two terms, the constituent-dispersion tensor !c and the effective heat­
conductivity tensor ~H need additional description. In the present model
both depend on hydrodynamic dispersivity, which is a function of local fluid
velocity. For an isotropic porous medium there can be no more than two in­
dependent dispersivity factors: this requirement insures that the dispersion
tensor is invariant under coordinate transformations. These two dispersivi­
ties are longitudinal, in the direction of flow, and transverse, perpendicular
to flow. Generally, both are functions of the magnitude of the flow velocity:

and

When the velocity vector is divided' into "co~ponents along three coordinate
axes, nine components of both the'dispersivity and the conductivity tensors
occur.

"More general expressions for the dlspersivity and the, conductivity tensors
can be written in terms of molecular properties and hydrodynamic dispersivity:
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K-6

(K-21)

EH = tjl au/tjl(pC) + K
= -- pw m

and

where the dispersivity coe~ficient a is a vector quantity. The apparent con­
ductivity due to hydrodynamic dispersion in the porous medium has been taken
as the product of the dispersivityand velocity multiplied by ,fluid volumetric
heat capacity.' The ordinary molecular heat conductivi·.ty of fluid plus rock,
Km, has been treated as an additive constant. The concept expressed in Equa­
tions K-21 is that the microscopic heterogeneity in convective' flow creates
the same dispersive effect in temperature that it creates in the concentration
of constituents.
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Table K-l. Nomenclature

Area perpendicular to flow--either 4XAy, 4XAz, or AyAz

Concentration, mass fraction

Concentration of solute, salinity

Specific heat (at constant pressure)

Concentration of radioactive component on rock

Diffusion coefficient

Dispersion coefficient

Constituent-dispersion tensor

Effective heat-conductivity tensor (including hydrodynamic
dispersion)

Acceleration due to gravity

Enthalpy

Permeability

Rate of decay of component j to component i

Thermal conductivity

Distribution coefficient

Equilibrium adsorption constant defined in Equation K-9

Distance between grid-block centers

Pressure

Mass source per grid block

Mass source per unit of porous-medium volume

Energy stored without fluid input per grid block

Energy stored without fluid input per unit of porous-medium volume

Rate of heat loss per grid block

Rate of heat loss per unit of porous-medium volume

Radial space coordinate

Time

Temperature
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Table K-l. Nomenclature (continued)

TH,Tw,TC Transmissibility of energy, flow, and contaminant~ defined by
Equations K-17, K-18, K-19

u Superficial (Darcy) fluid velocity in the porous rock

U Internal energy

V Grid-block volume

x,y,zCartesian space coordinates

Z Elevation above reference plane

Subscripts

av

R

S

i,j,k

w

l,t

m

Average over depth increment

Rock

Solid material (always rock)

Indices labeling radioactive components or, in Equations K-15 and
K-20, indices labeling grid blocks

Liquid

Longitudinal and transverse, respectively

Molecular properties in porous media

Superscripts

n

Greek

Time level n

a Dispersivity coefficient

~ Porosity

PB Bulk density = (1 -.~)Ps

Ps Density of rock

P Density of fluid

~ Viscosity (kinematic)

~t Time increment

~x,~y,~z Grid-block dimensions
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K.2 APPLICATION OF THE TRANSPORT MODEL TO THE WIPP SITE

This section describes in detail applications of the hydrologic-transport
model described in Section K.l to the modeling of phenomena at the WIPP site
for the long-term safety assessment.

The modeling of hydrologic-transport phenomena has involved a three-step
approach: data interpretation and regional hydrologic modeling, the calcula­
tion of waste-release rates for the various scenarios, and the calculation of
the transport of radionuclides assumed in each of the scenarios. These three
parts of the modeling effort are discussed in this section under separate
headings.

K.2.1 Data Interpretation and Regional Hydrologic Modeling

The objectives of this part of the modeling effort are as follows:

1. To check consistency or lack of it between various sets of hydrologic
data.

2. To calculate the extent of communication (vertical permeabilities)
between various hydrologic units.

3. To delineate heterogeneities existing within each geologic formation.
Heterogeneity here refers to the spatial variation of permeability
values.

4. To calculate potentials and/or hydraulic conductivities in areas
where data are lacking.

5. To calculate boundary conditions for local scenario and nuclide­
transport modeling.

The calculational procedure is straightforward. Permeability values
determined by laboratory or well tests are used as initial values in the cal­
culations. Permeability distributions are adjusted until the calculated po­
tentials are in satisfactory agreement with a consistent set of measured
potential values.

The hydrologic data used in this work were obtained primarily from a re­
port by Mercer and Orr (1977), who reviewed and summarized all data\existing
through February 1977. After the report by Mercer and Orr was issued, the
U.S. Geological Survey (USGS) co~~uctedwelltests in the Los Medanos area;
some data from a draft USGS report to Sandia Nat.ional Laboratories were used
to check consistency and obtain permeabilities' iinmediately above the'WIPP
site. Other sources of data were Griswold (1977), Rai and Mason (1977), Lam­
bert (1978), and Lambert and Mercer (1977);. laboratory-measuted distribution
coefficients in unpublished form were also used.
/ ". ' "

A map of the modeled region is shown in FigureK-l, and a geologic cross
section of the Los Medanos area looking toward the northwest is presented in
Figure K-2. The Santa Rosa Sandstone is a moderately permeable formation
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Figure K-1. Hydrologic modeling region.
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~ Capitan aquifer

The Santa Rosa Sandstone does not extend beyond the WIPP to the west, and
the intermediate Dewey Lake Red Beds are essentially confining beds. There­
fore, for the purpose of regional hydrologic modeling, the upper surface of
the Rustler was assumed impermeable and the Santa Rosa Sandstone was not in­
cluded in the calculations.

containing relatively fresh water. However, the low permeability of the Dewey
Lake Red Beds prevents significant seepage of water from the Santa Rosa Sand­
stone to the Rustler Formation. Two thin aquifers, the Magenta and the
Culebra, are contained in the Rustler Formation, which is predominantly
composed of impervious anhydrites, polyhalites, and gypsum. The WIPP will be
in the Salado Formation. The Castile Formation, composed of very pure halite
and anhydrite, contains no water-bearing strata. Beneath it lies the Delaware
Mountain Group, approximately 3000 feet thick, which contains aquifers.



Within the hydrologic region mOdeled in this study, the Rustler Formation
~...~ aquifers (Culebra and Magenta) apparently do not communicate hydrologically
.., with any of the aquifers below the Salado Formation or with the shallow­

dissolution zone. The Magenta and the Culebra are modeled as one aquifer, the
Rustler aquifer, with a total thickness equal to the combined thicknesses of
the two actual aquifers. The regional flow in the Rustler aquifer isgener­
ally to the southwest. As can be seen from Figure K-3, discharge from the
Rustler is into the Pecos River at Malaga Bend, about 15 mi~es from the WIPP
site, and possibly at points south of Malaga Bend. (The reader who is unfa­
miliar with the conventions of groundwater hydrology·can easily deduce the
flow pattern from sets of hydraulic-potential curves, such as the ones in
Figures K-3 and K-4, by drawing a set of nonintersecting curved lines that are
everywhere orthogonal to the potential curves~ the' direction of flow is then
along these curved lines, proceeding from the highest values of potential to
the lowest values.)

More recent data obtained by the u.S. Geological Survey and presented by
Mercer and Orr (1978) suggest that flow immediately above the repository in
the Culebra is toward the southeast. However, combining the map in.Figure K-3
with the recent data shows that the flow toward the southeast is only local;
on a larger scale the flow in the Rustler Formation is toward the Pecos River.

Potentials in the Delaware Mountain Group (Figure K-4, solid lines) show
that flow there is essentially toward the northeast. The Delaware Mountain
aquifers communicate with the Capitan aquifer, though the degree of communica­
tion will vary considerably at different locations. In the regional modeling,
the Capitan aquifer was combined with the aquifers of the Delaware Mountain
Group.

Finally, the existence of a shallow-dissolution zone along the Rustler­
Salado interface in Nash Draw is known. This feature is rdughly 50 feet

Santa Rosa Sandstone
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Figure K-2, Geologic section of the Los Medanos area.
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Figure K-3. Hydraulic potentials (feet above
MSL) measured in the Rustler
Formation.
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Figure K-S. Calculated hydraulic potentials (feet above

MSL) for the Rustler Formation.

thick, 30 miles long, and 2 to 10 miles wide. Its nearest edge is several
miles west of the repository.

Tne Rust1er Formation, the sha110w-diss01ution zone, the De1aware Mountain
Group, and the Capitan reef were modeled to obtain a match with the observed
potentials. Modeling of intervening anhydrite and salt layers showed that the
anhydrite and salt had to bee'ssentially impermeableJan upper limit to the
vertical hydraulic conductivity in these formations was calculated to be
10-6 ft/day. It was difficult to simUltaneously matchpOtEmti.~ls in differ­
ent layers with a higher value. Calculated potentials in the Rustler and the
Delaware Mouhtain Group ar-e shown in Figures K-Sand K-6. The match of meas­
ured and ca'lcu.lated potentials .in the Rustler (Figures K...,3 and K-S, respec- '.
tively) is espec ially reasonable for this analysis, in wtl ich only the poten­
tials between the site and Malaga Bend-determine the flow path•. The match of
the potentials in the Delaware Mountain Group'(Figures K-4 and K-6) is ade:"
quateJ these, however, are of little' iillportance to the fransport'of radio-
nuclides from the repository. ",'

A set of calculated hydraulic conductivities in various layers is shown
in Figl,lres K-7to K-lO. It is important to note that these conductivity
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.Figure K-6. Calculated hydraulic potentials (feet above MSL)

for the. Delaware Mountain Group.

values are not unique •.. Any set of conductivity values scaled up or down bya.
consfant factor will produce exactly the same resu~ts~ the velocities and flow
rates will differ by the same factor. Therefore, it is necessary.to "cali­
brate" with one or more conductivity values obtained from well tests. Based
on the available data, two values of the conductivity in the Rustler aquifers
can be used to describe upper and lower bounds. The lower-bound conductiv~

ities are lower by a factor of 20 than the values shown in FigureK-7.

Calculated natural water velocities in the Rustler aquifers ranged from
0.075 to 15 ft/yr, and in the Delaware Mountain Group aquifer the velocities
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Figure K-7. Hydraulic conductivitiEts in the Rustler aquifers.

are less than 0.1 ft/yr. A direct travel path to the shallow-dissolution zone
for any waste released from the repository would have to be either through
salt or along the Salado-Rustler interface~ water velocities along these paths
are essentially zero at the site. A path to the Capitan aquifer would have to
be through the Delaware Mountain Group aquifer.' Consequently, the time needed
for the waste to travel from' the repository to either -the '.-shallow-dissolution
zone or the Capitan aquifer would be very l6ng and of little concern.

, "

The Rustler aquifers arE! of primary'importance in the·WI'PP safety analysis
for two reasons: the travel times to the,biosphere are shorter there than in the
Delaware Mountain Group, and the greater hydraulic potentials in the Delaware
Mountain Group provide a driving force for upward water flow into the Rustler.
A degree of uncertainty is nevertheless associated with the hydrologic data for
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uncertainty in the hydraulic conductiv­

transport rates. A preliminary analysis

New Mexico
~--

Texas

Figure K-8. Hydraulic conductivities in the shallow-dissolution zone.

2. Increases in groundwater velocity together with increases in dispers­
ivity cause earlier arrivals at points where concentrations are being

1. Changes in groundwater velocity, within the range used here, generated
relatively little change in the mass concentrations at long times.

the Rustler, as was mentioned above.
ity induces uncertainty in predicted
(Tang and Pinder, 1977) shows that
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Figure K-9. Hydraulic conductivities in the Capitan aquifer and the Castile Formation.

determined. Therefore, calculations th~t take dispersion into account
may predict earlier aJ;:r ivaLtimesthim those. repottedhere, although
the differences would 'not be, great~ .-

3.

4.

. , .
To a high degree of confidence, in each scenario the actual geosphere
transport must lie within the results predicted by calculations with
the two transmissivities.

The use of the higher transmissivity vahle gives conservative results.

The present analysis accounts for uncertainty by using conservative, upper­
bound values in all safety-assessment calculations.
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Table K-2. Summary of Hydrologic Data

Property Formation Reported value Reference
Value used in

this work

Thickness, ft Rustler
Rustler--Culebra
Rustler--Magenta
Shallow-dissolution zone
Salado
capitan aquifer
castile
Delaware Mountain Group

210
20
20·
50

1600
1600
1000 to 1500
3000

Griswold, 1977
Griswold, 1977

Mercer and Orr, 1977
GriswOld, 1977
Mercer and~Orr, 1977
Griswold, 1977
Mercer and Orr, 1977

210

40 (total)
50

2000

1000
3000

Hydraulic
transmissiv­
ity, ft2/day

Hydraulic
conductivity,
ft/day

poro~ity

Rustler
Rustler--Culebra
Rustler--Magenta
Shallow-dissolution zone
Delaware Mountain Group

Capitan aquifer

Salado, Castile, and
Rustler anhydrite

Rustl.er
Shallow-dissolution zone
Capitan aquifer.
Deia~are Mountain Group
Salado, Castile, and

Rustler anhydrite

o to 500
10-4 to 140
1 to 40
8000
50

1 to 25,
average

4 x 10-6 to
2 x 10-5

0.1

0.1565

Griswold, 1977
Mercer and Orr, 1978
Mercer and Orr, 1978
Mercer and Orr, 1977
Mercer and Orr, 1977

Mercer and Orr, 1977

Lambert and Mercer, 1977

Mer~er and Orr, 1977

Mercer and Orr, 1977;

Not used
2 to 1280 (total)

8000
1 to 200

5

0.1
0.2
0.15
0.16

0.005
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A summary of available hydrologipdata,and the values used in this work
are given in Table K-2~' As can' be seen fr(Om., the table, ·the values used are
reasonably conservative" that is, th;ey are; upper' bounds on conductivity and
permeability. They are, ;however,: consili:ltent with the measured data.

The total thickness of the u~' aqUlf~r .... takon to be 40 feet, althouqh
the effective hydraulic thickness may actu,ally be much smaller. The larger

. tI "
value of 40 feet was used because the calculated cOlilmunication flow through
the repository is then conservatively calcrlated on the high side.

A summary of reported water-quality da'ta is given in Table K-3 along with
the values of distribution coefficients us d in this work. Ideally, the
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Table K-3. Summary of Geochemical Data

aTOS- total dissolved solids.
bsee text for the sources of the distribution coefficients.

Not used

e,ooo TOS

230,000 TOS

Value used in
. this work'Reference

Lambert, 1978

Mercer and
Orr, 1978.

Mercer and
Orr, 1978

Lambert, 1978

1460
350
10

2190
2100

25

Water quality

Distribution coefficient (ml/g)

3,350-35,600 TOSa

296,400 TOS

10,350-20,680 TOS
6,800-24,300 NaCl

23,720-118,290 TOS
17,900-89,200 NaCl

Reported value (mg/l)

Element

Americium
Neptunium
Uranium
Thorium
Plutonium
Radium

Distribution coefficients in the Rustler aquiferb

Formation

Rustler

Rustler--Magenta

Rustler--Culebra

Delaware
Mountain Group

K.2.2 Modeling of Liquid-Breach Scenarios

Four of the scenarios selected for analysis in this study involve the
movement of water, salt, and waste products through a connection developed

geochemical data required for complete modeling would consist of' water
quality, the distribution coefficient for each radionuclide, nuclide
solubilities in the Rustler water, and waste leach rates. For a real
repository the rates at which radionuclides could enter the water would be
limited by the solubility of the waste and by the rate at which the nuclides
could be leached from the waste. This analysis took no advantage of these
reductions~ the waste-dissolution rate was assumed to be the same as the rate
at which the salt formation is dissolved. A number of distribution coeffi­
cients have been measured at Sandia National Laboratories (Dosch and Lynch,
1978) for the WIPP-site rock material. Site-specific adsorption data were,
however, not available for some radionuclides included in the modeling here.
The distribution coefficients for these nuclides were estimated from the
ratios of distribution coefficients for similar elements, measured at Sandia
National Laboratories in WIPP-site rock and at the Pacific Northwest Lab­
oratory (Rai and Mason, 1977) in desert soil.



between the repository and one or more 'aquifers. To distinguish them from the
direct-access scenarios (Section K.3), '~he term "liquid-breach scenario" is
used. The reasons for choosing the four scenarios out of the many possible
liquid-breach scenarios are outlined in Section 9.7.1.27 the discussion in
this subsection centers on the modeling, processes necessary for the four sce­
narios that were chosen.

Given a hydraulic communication between an aquifer and the waste reposi­
tory, there are three mechanisms that can transfer waste from the repository
to the aquifer:

1. Forcedconvection-";'fluid flow aiong a pressure or potential gradient.
2. Natural convection--fluid flow along a density gradient.
3. Molecular diffusion--transport along a concentration gradient.

Each of the four scenarios selected for analysis postulates a hydraulic
connection. Because the driving mechanism is largely determined by the prop­
erties of the connection, detailed modeling of this small set of scenarios
predicts the consequences of many sC,enarios. Of the four liquio-breach sce-

, ,

narios, three specify forced convection and one specifies molecular diffu­
sion. None of them specify'natural convection, which is expected to produce
much weaker effects in the absence ofa significant heat load in the reposi­
tory.

Two types of scenario involving forced convection were modeled:

1. A hydrologic communication exists (or develops) between the Rustler
aquifer and aquifers of the Delaware Mountain Group. The communica­
tion could be a wellbore or some natural feature. Water flows up ,or
down the feature, depending on the relative hydraulic potentials or
pressures in the two aquifers.

,2. A hydrologic communication exis:ts (or develops) between, the Rustler
aquifer and the repository through two wellbores (or perhaps natural
channels). This situation is also known asa u-tube communication.
Water flows down through one leg of the u-tube, through the reposi­
tory, and up the other leg. 1

In each type of forced-c~nvecti~n scenJrio, the rate of waste release is as­
sumed to be proportional to the rate oil water flow through the repository.

A parametric study '(Intera ~vironJent~l cons~ltants', pe~sonal! communica­
tion, September 1979) has shown that" ibr both ,types of 'forced-convection,
scenario, the cri1;icalV'ariables,contr,d~lingwater flow are the pressure or
the potential difference between 'the irlaet and the outlet of the 'communica­
tion, ~nd the hy~raulicconductanc7ofl~e commun~ca~ion•.Hydraulic conduc­
tance l.S the recl.proca:J. of ,hydraull.c resl,stanCe7l.t l.S defl.nedas'kA/L, where
k is the hydraulic COilductivity (feet p~r daYh, A is the- cross~sectional area
available for flow, and L is the effect:ive length ,of: the flow medilim~

" •~ : " " "r'",

There are, however, limits to the cpntr~l exercised by the hydraulic con­
ductance of the communication. This fact is illustrated -in Figure K-11, which
shows the water-flow rate as a function of the hydraulic conductance of a com­
munication between the upper and the lower aquifer. The figure applies to
forced convection between two aquifers, the first type of scenario mentioned
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.. Figure K-11. Flow rate as a function of' hydraulic conductance for twovaJue~ of
pressure-head difference: two-aquifer communication.
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above. Two values of natural (undisturbed) pressure-head difference are shown.
It is seen that the flow rate is proportional to the hydraulic conductance
only for a limited ran~e of values of that parameter; 'if the conductance is
higher than about 1 ft /day, the flow rate asymptotically becomes a con-
stant•. This effect can be explained by noting that large flow rates are lim­
ited by the natural pressure-head difference and combined resistance of the
two aquifers involved; in other words, the ultimate controlling parameter is
the amount of fluid that can be supplied by the aquifers for flow through the
repository. Similar studies were conducted for the case of a single-aquifer
communication, the second type of scenario mentioned above. The qualitative
behavior of the flow-rate versus conductance curves was identical with the
behavior of the curves shown in Figure K-ll; but in the former case the
asymptotic limit is determined by natural pressure-head .differences in, and
the conductivity of, the single aquifer to which the U-tube is connected.

The functional dependence of 'flow rate on hydraulic conductance exhibited
by the parametric studies can be used to support a claim made earlier: the
small set of forced-convection scenarios modeled in the present study are
capable of predicting the consequences of a wider class of events. If the
flow rate is large enough, the nature, size, and origin of the assumed commun­
ication (i.e., whether it is a wellbore, a breccia pipe, or a conducting
fault) do not really matter in determining the consequences of a waste-release
scenario. The upper-limit values of conductance used in the scenarios of the
text (Section 9.7.1) are jUdged to be SUfficiently near the appropriate asymp-



totic limiting values so that these scenarios could cover a wide class of
events leading to the release of waste.

Parametr ic studies for the liquid-bl:each scenar io based on molecular dif­
fusion are presented directly 'in the reBults for that scenario given in Sec­
tion 9.7.1.4 of the text. The limiting parameter~ for molecular diffusion are
the area of, the communication (which cannot be larger than the area of the
repository) and, implicitly, the rate at: which the Rustler aquifers can supply
water to carry away waste products that 'have diffused upward from the breached
reposi tory. It is assumed that waste pJ:oducts diffuse as rapidly as salt does
through the stagnant water in the communication.

In the modeling of liquid-breach sCEmar ios, potentials, waste-dissolution
rates, and fluid~flow rates are based on hydrologic steady states. This
assumption is reasonable because the time required to reach the steady state
is small in compar ison with :the totai' wclste-dissolution times. Furthermore,
all fluid coming out of the repository j.nto an aquifer is assumed to be sat..,
urated brine, with a total-dissolved-soHds concentration of 410,000 ppm by
weight. Fluid enters the repository at the total~dissolved-solidsconcentra­
tion listed in TableK";'3. The salt formation and waste material are assumed
todisssolve uniformly and' at the 'same rate, bdnging the t()tai~dissolved­

solids concentration up to the indicateCt s~turated:-brine concentration. For
modeling convenience, both the contact"':handied ~nd the remotely handled wastes
are assumed to be uniformly distributed throughout the volumes of their
disposal areas at the time the scenario begins; specifications for the disposal
areas are given in the text (Section 9.1'.1).

K.2.3 Modeling of Radionuclide Transpolt

The tran~port of waste radionuclides: away from the repository through the
action of flowing groundwater is modelecl in essent:.ially four steps:

1. The determination of the flow Hnes (direction and speed) 'in the Rus­
tler aquifer over the repository, under the disturbed conditions pos­
tulated in the scenario.

, I" "c" "
2. The determination ofth~ rate off waste discharge into. the Rustler

aquifer, under the disturbedcoi~ditionsp(jstu~atedin the scenario.

3. The integration of~he ~~di(mucjliq~"':t:.rans~orteqUations·alOnga set of
the flow lines determined in, StE~ l,:usingthe waste..,discharge rate
determined in step? as, a sourc~!:terni.· )';';rpe i~t~g'ration. i~ ,c~rried
along each flow line until the ]~inereaches a discharge pornt•. (In,

all scenar ~os~ .~~~~har"ge .points lIw~re .on;~he ~PecosRi~e: ~) , . ' .

4. The determlna~lonof the t::.0tal ~fa~e of dlschargefor each.radlonuchge.
into. th.e Pe<;:~s River as a. fli~ct~I~~ of time. : Th~s step is pe:formed, by
summlng the lntegrated contr lbut:lqns from each ~fthe flow hnes of
step l'that reach the' river.• _~.: l :'. -.' ,: ," , .'

In this study, steps i and 2 were pe,rformed in parallel by applying the
three-dimensional regional hydrologic m(~el on a limited 9ut finely zoned grid
centered on the repository. Hydrologic parameters for grid blocks were
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assigned to reflect the initial disturbed conditions for each liquid-breach
scenario. Potentials and flows at the boundaries of the limited region were
set according to the undisturbed potentials and flows determined by the large- (
scale regional modeling. It is believed that the size of the limited grid was ,
large enough to insure that such boundary conditions we~e appropriate.

step 3 was performed by numerically integrating one-dimensional versions
of the coupled set of radionuclide-transport equations (Equations K-6 of
Secti~n K.l.2) along selected flow lines, tak~ng into account changes in the
hydrologic parameters (hydraulic conductivity mainly) in the regional grid
blocks crossed by the flow lines. The one-dimensional transport equations do
not account for hydraulic dispersion transverse to the flow lines and gener­
ally lead to overestimates of the peak concentrations of the trace constituent
at a fixed time and position along the flow line. However, a good estimate of
the net discharge to the Pecos is obtained by integrating the one-dimensional
flux at the terminus of each flow line over the projected area of the envelope
of flow lines at the discharge point. This is the procedure indicated in step
4 above.

In all transport calculations performed for this study, it was assumed
~., that the events of the scenarios began either 1000 years (~cenarios 1 through

3) or 50,000 years (scenario 4) after the repository is sealed. The calcula­
.tions were carried out for the 'important isotopes of actinides listed in Table
K-3. Shorter-lived fission products, present in modest amounts in the re­
motely handled TRU waste, contribute little activity to the inventory 1000
years after emplacement. Since nearly all of the considered actinides are
long-lived isotopes, the nuclide inventory changes slowly during the unfolding
of the scenario.

These 1000-year-event calculations are believed to be conservative predic­
tions of direct consequences of events that could begin after many thousands
of years. Although there would be a diminished radionuclide inventory in sce­
narios beginning later than 1000 years after burial, the consequences of such
scenarios would not be radically different from the consequences of the ones
considered; the only effect would be a displacement of the peak discharge rate
at Malaga Bend to a later point in time. As stated in the text, the time at
which maximum consequences are realized is not considered valuable information
for this safety assessment, owing to the lack of a consensus on the times
after which the waste products could be considered safe.

K.3 DIRECT-ACCESS SCENARIOS

The direct-access scenarios for the WIPP arise from the assumption that at
some future time people will be motivated to drill into or mine in the un­
guarded and unmarked site. Specifically, these scenarios consider the con­
sequences of drilling at the s~t;~ in.""t-he course of exploring for mineral re­
sources and the more serious consequences of solution mining for salt at the
site. Withbne exception, the methods used to analyze these scenarios are
straightforward and are described in Section 9.7.1 of the text along with
results of the analyses. The exceptibn is the method used to calculate the
transport in air and the airborne concentrations of radionuclides suspended
from a drilling-mud pit. Details of this method are given below.
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K.3.l Method for Calculating Radionuclide Transport in Air

It is assumed that a drill hole penetrates either the disposal area for
remotely handled TRU waste or the disposal area for contact-handled TRU waste.
In the process, waste materials are intercepted by the drill bit and radio­
nuclides are uniformly mixed with the drilling mud. The contaminated mud is
brought to the surface and directed to a mud pit, where it is left to dry
uncovered and undisturbed. Thereafter wind erodes the surface, transporting
contaminants downwind.

Drilling mud is pure clay (usually bentonite) with additives to adjust
its density and pH•. The surface of the mud pit is likely to dry to a crusted
bricklike consistency, which would not present much opportunity for wind ero­
sion. However, it is assumed that sand particles from the surrounding plain
will scour the surface of the mud pit, and the material thus loosened will be
resuspended to the same degree as material from the rest of the plain.

Provided the area of the mud pit is small (less than 100 square meters),
the suspended material transported to distances greater than, say, 100 meters
from the pit may be assumed to come from a point source.. The Reactor Safety
Study uses a squared Gaussian plume model for air concentration downwind (NRC,
1975, Appendix VI, p. 4-1, and Appendix A). The expression is

'x = 2",""Q!!:::-_
3u --{2; u u

y z

where

x = ground-level air concentration (Ci/m3)

Q = source strength (Ci/sec)

3uy = lateral width of the assumed uniform distribution (m)

Uz = vertical standard deviation (m)

u = average wind speed (m/sec)

The quantity Q can be expressed as the upward flux of suspended particles
multiplied by the area of the source (Healy, 1977). The resuspension rate, in
reciprocal units of sec-I, mUltiplied by the surface concentration gives the
value of the upward flux. The resuspension rate measured for desert soil at
the Nevada Test Site is 10-13 sec-l and varies as the cube of the wind speed
(Healy, 1977). Thus the transport of suspended material is described by the
equation

where

0i = concentration of isotope i in the drilling mud (Ci/g)

P = density of the drilling mud (assumed to be 2 g/cm3)
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dO = depth from which material is available for resuspension (assumed
to be 1 cm)

K = resuspension ~ate (sec~l): K = 10-13 (u/uO) 3: uQ is
assumed to be 1 m/sec

A = area of the mud pit (m2)

104 = factor for converting from square meters to square centimeters

The expressions for O'y and O'z for slightly unstable to neutral conditIons
typical of the desert southwest (Pasquill stability category C) are

where d is the downwind transport distance expressed in meters. The mud-pit
areas assumed are 720 square feet (66.9 square meters) for a 10-inch drill
hole and 144 square feet '(13.4 square meters) for a 3-inch drill hole. To
allow for the finite size of these pits, a virtual point source is created
upwind of the pond such that 30' = Als. at the leeward side of the pond.
Thus for the 10- and 3-inch dr dl holes the virtual point source is taken to
be 24.8 and 11.1 meters, respectively, upwind of the leeward side. Using
these values, a short table giving Xi as a function of Oi and distance can
be constructed. (All downwind transport distances d' given below are meas­
ured from the middle of the pond.)

Xi (Ci/m3)
d' (m) 10-inch drill hole 3-inch drill hole

100 3.58 x 10-90. 8.73 x 10-100'I. I.

500 2.04 x 10-100. 4.25 x 10-110.I. I.

1000 5.67 x 10-11n· 1.16 x 10-110.I. I.

The subsequent surface deposition of suspended radionuclides is alsore­
quiredfor the analyses. It is assumed that dry deposition is the dominant
mechanism. The dry-deposition flux is the product of the deposition velocity
and the air concentration near the grouhd (Ci/m2-sec = Vd X ) • The deposi­
tion velocity Vd is taken to be 0.01 m/sec, which corresponds to a particle
about 1 micron in diameter. The particle-size distribution of the suspended
material can be related to the particle-size distribution of the surface
source. Healy (1977) indicates that for clays the aerodynamic mean activity
diameter of these particles is 1 micron or less. Thus 1 micron is taken to be
the nominal value for the suspended and transported material.
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K.3.2 Uncertainties in the Calculation

Air concentrations and surface depositions previously described as apply­
ing to the direct-access scenario have been obtained.using generally conserva­
tive assumptions and parameters. However, it is worthwhile to understand how
uncertainties in these assumptions and parameters may affect the results.

Radionuclide distribution in the drilling mud. If radionuclides are
uniformly distributed in the drilling mud, their concentration and hence the
resulting dose will vary inversely with the total mass of the mud. However,
to the extent that the heavy elements settle to the bottom of the pond, they
will not be resuspended in significant quantities even if the mass of the mud
is greatly reduced.

Resuspension factor. The dried drilling mud (clay) is most likely to have
a bricklike consistency that, if left in an undisturbed state, is not liable
to produce as much suspendable material as the surface at the Nevada Test
Site, where small and large particles are more intimately .but more loosely
mixed. This tendency is likely to persist even if the surface is mechanically
disturbed after drying, provided the thickness of the mud is on the order of
feet.

Atmospheric stability. Values cited above are for slightly unstable at­
mospheric conditions. Under very stable conditions, air concentrations down­
wind of the source would increase by more than a factor of 10. Under very
unstable conditions, they would decrease by about a factor of 5. However, the
exposures being estimated are long-term exposures, and for this purpose median
stability conditions are in order.

Wind direction. In directions other than the usual downwind direction,
concentrations and hence exposures will be smaller than those estimated.

Particle deposition. The assumption used in the transport and deposition
calculation above holds that the dust cloud is not depleted by surface deposi­
tion as it travels downwind. In fact, material is continuously lost from the
cloud 1 thus all downwind concentrations are overestimated, roughly by a factor
of 2.
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Appendix L

AN OUTLINE OF THE INPUT-OUTPUT MODEL
AND THE METHODS USED IN PROJECTING

SOCIOECONOMIC IMPACTS
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Appendix L

AN OUTLINE OF THE INPUT-OUTPUT MODEL
AND THE METHODS USED IN PROJECTING SOCIOOCONOMIC IMPACTS

L.l INPUT-OUTPUT MODEL

A static model in the form of a regional input-output model was con­
structed for Eddy and Lea Counties, New Mexico. The original derivation of
the input-output model is described in a paper published in the Proceedings of
the 1975 Conference of the Association of University Business and Economic Re­
search 1 that paper is attached to this appendix as an annex. The procedure
described in that document was, in general, followed in building the regional
input-output model.

Since the pUblication of that document, better information on the agri­
cultural sector in New Mexico has become available, and its credibility is
believed to be such that the variation experienced in the original model has
been decreased. Regardless of the accuracy of the agricultural information,
the effect of the construction and operation of the WIPP on the agricultural
sector is believed to be less thanl% in terms of employment and income.
Therefore, the agricultural sector and the reliability of agricultural infor­
mation exert little effect on the overall modeling process.

This model has been used to assess the economic impacts of the following
projects for the following agencies: the San Juan power plant (units 1, 3,
and 4) for the Public Service Company of New Mexic01 the Gallup-Navajo Indian
Water Supply Project for the Bureau of Reclamation1 a proposed nuclear power
plant at Cementon, New York, for Harbridge House, Inc., an agent for the Power
Authority of the State of New York1 two sites for nuclear or fossil-fuel power
plants for Harbridge House, Inc., an agent for the New York State Electric &

Gas Corporation1 four coal-development scenarios in northwest New Mexico for
Harbridge House, Inc., an agent for the Bureau of Land Management1 and the
proposed New Mexico Generating Station for the Public Service Company of New
Mexico. It has also been used to study general economic impacts (an ongoing
process) for the Bureau of Business and Economic Research, University of New
Mexico.

During or about the same time this study was being conducted, the model
was used for analyzing the economic impacts of a proposed coal-fired power
plant for Burns and McDonnell, an .agent .,for the Plains Electric Cooperative1
industrial linkages in Cecil County, Maryland, for Hat-bridge House, Inc., an
agent for the Cec i1 County Development Agency 1 and the' economic impacts of
decreased grazing allocations in the Roswell, New Mexico, Grazing District for
Harbridge House, Inc., an ageht for the Bureau of· Land Management. Thus, the
model has been used extensively and is accepted as a tool' for determining ther .
economic impacts of proposed new facilities and ,developments.~
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L.l.l Base Model

The regional model adjus~s a national model by means of location quotients
and aggregating techniques. The national, or base, model contains 407 economic ...
categories, or subsectors of the economy, 389 of which represent the private
economy and 18 of which represent other activities, including the public sec-
tor. The 389 private subsectors were used in the model~ the government impact
was computed from four of the public subsectors supplemented by a final demand
pattern from the business-service subsector.

The base model is an updated version of the 1967 National Input~Output

Model constructed by the Department of Conunerce, Bureau of Economic Analysis. :'
Two i~ortant changes in the 1967 version have been made. First, the mining
sectors have been expanded to 44 subsectors. Second, the Lawrence Berkeley
Laboratory has mathematically updated the 1967 version to a 1972 version by
using data from the 1972 Census of Business.

As already mentioned, the detailed modeling process and technical pro­
cedures are discuss~d in the annex. However, several important aspects of
this particular model for Eddy and Lea Counties should be noted. First, de­
tailed information on employment, by category, was determined from information
supplied by the New Mexico Employment Security Department (NMESD), formerly
the Employment Security Conunission. From this information, detailed location
quotients for manufacturing were determined at the four-digit SIC code level,
and this added credibility and accuracy to the modeling process.

Second, because of the makeup of retail and wholesale subsectors in Eddy
and Lea Counties, a detailed analysis of the types of outlets present in the
area was conducted. Basic information from the 1972 Census of Business was
used·with updated information from the employment files for this analysis.

Finally, once the location quotients had been determined, 1972 Census
data and various other State and local data sources were used to identify the
output per employee for subsectors whose location quotients were computed
through employment statistics. A total~output figure was derived for these
subsectors. In turn, the total-ouput figures were used to aggregate the 389
subsectors in the base model into 37 private-business subsectors and one
governmental subsector for the regional model.

Subsectors for WIPP aboveground construction (1980, 1981, 1982, 1983, and
1984), WIPP management and design, WIPP belowground construction (i980, 1981,
1982, 1983, and 1984), and WIPP.operation~-abovegroundoperation, remote han­
dling and security, and belowground operation--were derived from data supplied
by Sandia National Laboratories, Bechtel, Inc., and the Westinghouse Electric
Corporation. There are a total of 52 subsectors in the model for Eddy and Lea
Counties and two additional subsectors to account for labor compensation.

L.l.2 Household Compensation for Labor and Personal Consumption in the Area

The average_percentages of cost going to labor from the technical produc­
tion process (direct coefficients) were determined from the 1972 national
input-output model. Personal-consumption figures were adjusted by weighting
the location quotients of each of the 37 private-business subsectors and the ~
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government subsector in th.e regional model. An additional personal-consumption
column adjusted for reduc~ local'purchases was incorporated into th~ model to
allow for lower local consumption by construction workers who conunute weekly.
The labor coefficients for the l4WIPP subsectors were derived from data sup­
plied by Sandia, Bechtel, and westinghouse. For the five WIPP aboveground­
construction subsectors and the fiVe WIPP belowground-construction subsectors,
labor coefficients ,for construction workers who conunute and those who reside
in the two-county area were assighed by using comparable' factors from the
Construction Worker Profile.

The direct coefficients obtained by determining location quotients and
the aggregation process are lis~ed il'lTable L-l. The aggregated direct,
indirect, and induced coefficients,flre ,given in Table L-2.

L.2 OUTPUT MULTIPLIER

" The volume of activity generated in the private sector by a $1 exogenous
increase in a subsector can be determined through the input-output process.
For example, for WIPP aboveground construction in 1982, subsector 40, we find
the cOlumn sum of ,1.67062 in Table, IF2. Thus, $1.67' in total activity will
result in the region from a $1 exogenous increase in WIPP aboveground­
construction (1982) activitYJ that ,is,' an additional $0.67 of indirect activ­
ity, including payments to labor, will be generated in Eddy and Lea Counties.

It should be noted at t~is point that the output multiplier is ,not of
primary concern in determining th~ overallimpac~of new developments in the
area. The employment and income multipliers are believed to be of greater
importance, and they may vary significantly from the 1.67 output multiplier.

L.3 EMPLOYMENT MULTIPLIERS

To determine the employment multipliers for WIPP-related development,
three basic calculations must be performed. First, wages for the area under
consideration must bedet¢~mined inocinstant dollars~-in this case 1979 dol­
lars. Second, the change in the total annual output for an exemplary year
must be calcula~ed'lnoonstant1979 dollars.' Third, the actual number of
dollars spent d,irectly for,'labor must be computed.,

Once the annual labor costs for each suPsector have been determined, the
average labor unit cost is divided, into each grossaJ!loLint to, find the actual
number of jobs supported 'in that specific subsector by an exogenous increase
in the specific activity being investigated; such as WIPP aboveground con­
struction, belowground construction, or aboveground operation.

L-3



Table L-l. Input-Output Tables, Lea and Eddy Counties,
November 1979: Direct Coefficients

Industry purchasing
Industry Selling 1 2 3 4 5 6 7 8

Livestock and livestock products 1 0.30891 0.02889 0.09777 0.01457 0.14889 0.00151 0.00000 0.00000 1
Cotton 2 0.00000 0.01636 0.00000 0.00000 0.00000 0.00095 0.00000 0.00000 2
Grains and seeds 3 0.26662 0.00000 0.02988 0.00000 0.00000 0.00772 0.00000 0.00000 3
Fruits and vegetables 4 0.00049 0.00000 0.00000 0.00378 0.00000 0.00090 0.00000 0.00000 4
Forestry and fishery products 5 0.00000 0.00000 0.00000 0.00000 0.07198 0.00000 0.00000 0.00000 5
Agricultural services 6 0.00263 0.10165 0.01289 0.05881 0.02604 0.00000 0.00000 0.00000 6
Miscellaneous metallic and nonmetallic minerals 7 0.00000 0.00009 0.00020 0.00008 0.00000 0.00000 0.00836 0.00000 7
Crude petroleum 8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00250 8
Natural gas and liquid petroleum 9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 9
Stone, gravel, and sand 10 0.00001 0.00137 0.00184 0.00094 0.00000 0.00000 0.00000 0.00000 10
Potash mi ning 11 0.00000 0.00071 0.00120 0.00056 0.00000 0.00000 0.00000 0.00000 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance IS 0.00387 0.01065 0.00935 0.00702 0.00000 0.00000 0.00222 0.02719 15
Food products 16 0.02322 0.00000 0.00000 0.00000 0.01580 0.00003 0.00000 0.00000 16
Fabrics and apparel 17 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 17
Wood and lumber products 18 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 18
Printing 19 0.00001 0.00003 0.00002 0.00002 0.00000 0.00000 0.00000 0.00000 19
Chemical products 20 0.00079 0.00507 0.00659 0.00247 0.00056 0.00000 0.02144 0.00319 20
Plastics and petroleum products 21 0.00328 0.03672 0.03285 0.01250 0.03032 0.00012 0.00205 0.00426 21
Glass and stone products 22 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 22

t"l Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23
I Fabricated metal products 24 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00008 24
~ Machinery 25 0.00008 0.00024 0.00011 0.00010 0.00000 0.00000 0.01063 0.00008 25

Electr ical products 26 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 26
Transportation and warehousing 27 0.01356 0.01047 0.01312 0.00868 0.00522 0.00065 0.00984 0.00139 27
Communications 28 0.00146 0.00296 0.00184 0.00133 0.00000 0.00000 0.00282 0.00078 28
Electrical utility 29 0.00186 0.00738 0.00161 0.00281 0.00021 0.00003 0.01118 0.01071 29
Gas utility 30 0.00002 0.00000 0.00000 0.00000 0.00028 0.00003 0.00239 0.00159 30
Water and sewer 31 0.00018 0.00832 0.00720 0.00770 0.00000 0.00000 0.00000 0.00050 31
Wholesale trade 32 0.01542 0.03706 0.02949 0.02561 0.02824 0.00047 0.00958 0.00409 32
Retail trade 33 0.01004 0.02745 0.02302 0.01103 0.00893 0.00023 0.00119 0.00382 33
Finance, insurance, and real estate 34 0.00868 0.07375 0.04181 0.02078 0.01685 0.00107 0.00815 0.09158 34
Lodging and personal and repair services 35 0.00330 0.00862 0.00442 0.00377 0.00575 0.00002 0.00051 0.00216 35
Businesses and miscellaneous services 36 0.00139 0.02915 0.02602 0.01550 0.00005 0.00000 0.00816 0.01375 36
Medical and nonprofit 37 0.00051 0.00056 0.00085 0.00040 0.00000 0.00000 0.00121 0.00028 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0;00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling SO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 SO
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.00007 0.00014 0.00010 0.00012 0.00032 0.00000 0.00154 0.00037 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Househo1ds/pc local 54 0.04276 0.07285 0.07285 0.07285 0.20020 0.35031 0.32507 0.11930 54

Column sums 0.70916 0.48049 0.41450 0.27144 0.55967 0.36404 0.42633 0.28762
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Table L-l. Input-Output Tables, Lea and Eddy Counties,
November 1979: Direct Coefficients (Continued)

Industry Purchasing
Industry Selling 9 10 11 12 13 14 15 16

Livestock and livestock products 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.07348 1
Cotton 2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.10494 2
Grains and seeds 3 0.00000 0.00000 0.00000 0.00031 0.00013 0.00018 0.00000 0.02323 3
Fruits and vegetables 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00155 4
Forestry and fishery products 5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 5
Agricultural, services 6 0.00000 0.00000 0.00000 0.00139 0.00077 0.00285 0.00047 0.00000 6
Miscellaneous metallic and nonmetallic minerals 7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 7
Crude petroleum ' 8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 8
Natural gas 'and liquid petrOleum 9 0.14584 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 9
Stone, gravel, and sand 10 0.00000 0.00446 0.00000 0.00201 0.00271 0.02103 0.00657 0.00012 10
Potash mining 11 0.00000 0.00048 0.01395 0.00000 0.00000 0.00000 0.00000 0.00000 11
Residential 'construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential,construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
AU Other constrUction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction;maintenance 15 0.03218 0.00796 0.00205 0.00025 0.00036 0.00034 0.00015 0.00244 15
FOod products 16 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.02480 16
Fabrics, and apparel 17 0.00000 0.00000 0.00000 0.00098 0.00003 0.00061 0.00010 0.00019 17
Wood and lumber products 18 0.00000 0.00000 0.00000 0.03789 0.01187 0.00210 0.00382 0.00000 18
Printing 19 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00131 19
Chemical products 20 0.00803 0.00646 0.01969 0.00049 0.00191 0.00263 0.00032 0.00106 20
Plastics _~d. petroleum products 21 0.00441 0.01289 0.00574 0.00601 0.00944 0.02759 0.00749 0.00317 21
Glass and stone products 22 0.00000 0.05511 0.00000 0.02664 0.03524 0.02147 0.00287 0.00000 22

I) Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23
VI Fabricated metal products 24 0.00003 0.00000 0.00000 0.00196 0.00309 0.00187 0.00047 0.00000 24

Machinery 25 0.00011 0.00509 0.01535 0.00038 0.00058 0.00051 0.00024 0.00000 25
Electrical prOducts 26 0.00000 0.00000 0.00000 0.00020 0.00029 0.00023 0.00007 0.00000 26
Transportation and warehousing' 27 0.00167 0.01329 0.00977 0.02637 0.02787 0.04716 0.02166 0.02313 27
Caamunications 28 0.00093 0.00020 0.00259 0.00316 0.00471 0.00431 0.00211 0.00465 28
Electrical utility 29 0.00574 0.02649 0.02001 0.00055 0.00084 0.00077 0.00037 0.00600 29
Gas utility 30 0.01419 0.00291 0.02469 0.00012 0.00017 0.00015 0.00007 0.00187 30
Water and sewer 31 0.00105 0.00281 0.00000 0.00029 0.00044 0.00036 0.00017 0.00040 31
Wholesale trade 32 0.00923 0.03455 0.00250 0.05106 0.04953 0.04327 0.03911 0.02976 32
Retail trade' 33 0.00448 0.01193 0.00138 0.08578 0.04874 0.03914 0.06360 0.00185 33
Finance, ,insurance, and real estate 34 0.10845 0.03037 0.00694 0.00697 0.01026 0.00916 0.00484 0.00709 34
Lodging and personal and repair services 35 0.00255 0.01085 0.Op064 0.00488 0.00730 0.00801 0.00354 0.00341 35
Businesses and miscellaneous services 36 0.01627 0.03144 0.00860 0.05413 0.07157 0.04270 0.01936 0.00810 36
Medical and nonprofit 37 0.00033 0.00009 0.00119 0.00078 0.00115 0.00106 0.00052 0.00060 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface Construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP, surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP undergrourid construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPPunderground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP unde~ground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP secur i ty ..and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.00043 0.00022 0.00115 0.00046 0.00068 0.00070 0.00031 0.00092 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Househo1ds/pc local 54 0.11930 0.32507 0.27808 0.32535 0.32535 0.32535 0.49419 0.14492 54

Column sums 0.47521 0.58268 0.41431 0.63840 0.61502 0.60383 0.67271 0.46901



Table L-l. Input-Output Tables, Lea and Eddy Counties,
November 1979: Direct Coefficients' {Continued},

Industry Purchasing
Industry Selling' 17 18 19 20 21 22 23 24

Livestock and livestock products 1 0.00568· 0.00000 0.00000 0.00000:· 0.00000 .. 0.00000,.. 0.00000 0.00000 1
Cotton 2 0.03292 0.00000 o. 00000 0.00000 0.00000 0.00000 . 0.00000 O.()()OOO 2
Grains and see'ds 3 0.00000 0.00000 O. 00000 0.00006, 0.00000 0.00000 0.00000" 0.00000 3
Fruits and vegetables 4 a·; 00000 0.00000 0.00000: 0.00114.• ' 0.00000 ;; :0'. 00000' '. 0.00000 '0.00000; ·4
Fo,estry and fishery· products 5 0.01529 0.00000 O. 00000 0.00374 0.00000 0.00000 0.00000 0.00000 5
Agricultural services 6 0.00000 0.00000 0.00000 o. 00000. 0.00000 0.00000 .0.00000 0.00000 6
Misc~llaneous metallic and nonmetallic minerals 7· 0.00000 0.00000 0.00000 0.00124 0.00004 0.00000.. 0.00000 0.00000 7
Crude petroleum 8 0.00000 0.00000 O. 00000 0.00000 0.45740 0.00000 0.00000 0.00000 8
Natural gas and liquid Petroleum' 9 0.00000 0.00000 0.00000 0.00231 0.02337 . 0;00000 0.00000 0.00000, 9
Stone, gravel, and sand 10 0.00000 0.00000 O. 00000 0.00038 0.00000 0.06606 0.00000 0.00008 10
Potash mining 11 0.00000 0.00000 O. 00000 0.00755 0.00000 0.00000 0.00000 0.00000 11
Resid~ntial construction 12 0.00000 0.00000 0.00000 0.00000 · 0.00000 O. OOOOO! 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 O. 00000 o. 00000. 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00131 0.00294 0.00311 '. 0.00431 0.01019 0.00289 0.00000 0.00224 15
Food products 16 0.00001 0.00000 0.00000 . 0, 00088' 0.00000 0.00000 0.00000 0.00000 16
Fabrics and apparel 17 0.10091 0.00080 O. 00143 0.00021 0.00007 0.00047 0.00000 0.00075 17
Wood and lumber products 18 0.00000 0.00791 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00065 18
Printing 19 0.00001 0.00004 0.01586 0.00004 0.00000 0.00008 0.00000 0.00000 19
Chemical products 20 0.00080 O. 00274 0.01263 0.05002 O. 00578 O. 00123 0.00000 0.00071 20
Plastics and petroleum products 21 0.00093 0.00272 O. 00236 0.05459 0.05487 0.00919 0.00000 0.00410 21

)
Glass and stone products 22 0.00000 0.00034 O. 00000 0.00000 0.00001 0.02440 0.00000 0.00018 22
Primary metal products 23 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 23

0' Fabricated metal products 24 0.00000 0.00000 o. 00000 0.00005 0.00001 0.00000 0.00000 O. 00141 24
Mach ine'r y 25 0.00000 0.00191 0.00000 0.00002 0.00001 0.00308 0.00000 ' 0.02363 25
Electrical products 26 0'. 00000 0.00001 0.00002 0.00002 0.00000 0.00000 0.00000 0.00001 26
Transportation and warehousing 27 0.00945 0.02748 0.01179 0.02047. 0.02876 0.12118 0.00000 0.01518 27
Communications 28 0.00319 0.00406 O. 01098 a'. 00326 0.00067 0.00573 0.00000 0.00490 28
Electrical utility 29 0.00687 0.00674 0.00499 0.01371 0.00569 0.00645 0.00000 0.00639 29
Gas utility 30 0.00048 0.00134 0.00096 O. 01014 0.01029 0.00399 0.00000 0.00339 30
Water and sewer 31 0.00049 0.00000 0.00062 0.00235 0.00188 0.00008 0.00000 0.00008 31
Wholesale trade 32 0.02700 0.04642 O. 01965 0.01909 0.00657 0.02680 0.00000 0.02364 32
Re tail tr ade 33 0.00261 0.00177 O. 00510 0.00247 0.00045 0.00175 0.00000 0.00844 33
Finance, insurance, and real estate 34 0.01053 O. 01530 0.01723 0.01438 · 0.01657 0.01788 0.00000 0.01264 34
Lodging and personal and' repair services 35 0.00102 0.00163' 0.00339 '0.001'29 0.00048 0.00418 . 0.00000' 0,00103 35
Businesses and miscellaneous services 36 0.00681 0.00877 O. 02700 O. 01384 0.00968 0.01648 0.00000 0.00885 36
Medical and nonprofit 37 0.00043 0.00049 O. 00156 0.00056 0.00015 0.00078 0.00000 0.00055 37
WIPP surface construction, 1980 38 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
W!PP surface construction, 1981 39 0.00000 0.00000 0;00000 0.00000 0.00000 0;00000 0,'00000 0.00000 39
WIPP surface construction, 1982 - 40 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 O. 00000 0.00000 . 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 O. 00000. 42
WIPP construction management and design 43 0.00000 0.00000 o. 00000 ' 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000' O. 00000 0.00000 · 0.00000 O. 00000. 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000. 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 o. 00000 0.00000 ,0. 00000 0.00000 0,00000 O. 00000 .. 46
WIPP under9roun~construction, 1983 47 0.00000 0.00000 O. 00000 0.00000. 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 o. 00000 0.00000 0.00000 0,00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000, '0.00000 0.00000 0.00000 0.00000 " 49
WIPP security and remote handling 50 0.00000 0.00000 '0. 00000 0,00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0:00000 0.00000 0.00000 . 0.00000 '0.00000' 0.00000 0.00000 0.00000 51
Government 52 0.00180 0.00103 O. 00664: 0·. 00076 0.00050 0.00080. 0.00000 0.00067 52
Households/pc weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Households/PC local 54 0.29852 0.28617 0.23671 0.38320 0,10374' , 0.31907 0.31473 0.30851 54

Column swns 0.52704 0.42061 0.38203 0.61209 0.73718 0.63258 0.31473 0.42805

() ()



Table L-l. Input:-Output Tables, Lea and Eddy Counties,
November 1979: Direct Coefficients (Continued)

Industry Purchasing
Industry Selling 25 26 27 28 29 30 31 32

Livestock and livestock products 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
Cotton 2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2
Grains and seeds 3 0.00000 0.00000 0.00133 0.00000 0.00000 0.00000 0.00000 0.00000 3
Frui ts and" vegetables 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 4
Forestry and fishery prodUCts 5 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 5
Agricultural. services 6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00117 6
Miscellaneous metallic and nonmetallic minerals 7 0.00000 0.00000 0.00004 0.00000 0.00000 0.00000 0.00000 0.00000 7
Crude petroleum" 8 0.00000 0.00000 0.00065 0.00000 0.00059 O. 02381 0.00000 0.00001 8
Natural gas. and liquid petroleum 9 0.00000 0.00000 0.00405 0.00000 0.00361 0.14625 0.00000 0.00004 9
Stone, gravel, and sand 10 0.00001 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00002 10
Potash mining 11 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential. construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00168 0.00245 0.02048 0.01411 0.02801 0.01443 0.06484 0.00095 15
Food products 16 0.00000 0.00000 0.00005 0.00000 0.00000 0.00000 0.00000 0.00327 16
Fabrics and apparel 17 0.00070 0.00088 0.00036 0.00012 0.00022 0.00009 0.00031 0.00093 17
Wood and lumber' products 18 0.03302 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00035 18
Printing 19 0.00000 0.00235 0.00037 0.00016 0.00001 0.00000 0.00001 0.00064 19
Chemical products 20 0.00029 0.00000 0.00015 0.00001 0.00086 0.00000 0.00154 0.00072 20
Plastics and petroleum products 21 0.00562 0.00735 0.02989 0.00193 0.01204 0.00076 0.00334 0.00877 21
Glass and stone products 22 0.00000 0.00002 0.00001 0.00000 0.00000 0.00000 0.00000 0.00048 22

'I Pr imary metal prodUCts 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 23
..... Fabricated metal products 24 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 24

Machinery 25 0.01938 0.00000 0.00017 0.00000 0.00000 0.00000 0.00000 0.00044 25
Elect< ieal products 26 0.00081 0.01076 0.00000 0.00000 0.00000 0.00000 0.00000 0.00006 26
Transportation and warehousing 27 0.01890 0.01110 0.08829 0.00146 0.02086 0.00020 0.00232 0.01572 27
Communications 28 0.00339 0.00726 0.00861 0.01282 0.00250 0.00210 0.00443 0.01173 28
Elect<'ieal utility 29 0.00541 0.00596 0.01622 0.00553 0.07355 0.00260 0.02800 0.00382 29
Gas utility, 30 0.00134 0.00193 0.00338 0.00110 0.03353 0.36157 0.01650 0.00046 30
Water, and sewer 31 0,.00047 0.00013 0.00114 0.00125 0.00097 0.00065 0.00091 0.00168 31
Wholesale trade 32 0.04501 0.02005 0.02379 0.00304 0.00623 0.00063 0.00463 0.01558 32
Retah'trade' 33 0.00664 0.00762 0.01069 0.00492 0.00168 0.00156 0.00329 0.01564 33
Finance, insurance; and real estate 34 0.01276 0.01924 0.01853 0.01229 0.00464 0.00549 0.01416 0.02239 34
Lodging and' personal and repair services 35 0.00082 0.00193 0.02424 0.06180 0.00203 0.00034 0.00783 0.01772 35
Businesses and miscellaneous services 36 0.00679 O. 01306 0.00894 0.00983 0.00417 0.00455 0.00751 0.02311 36
Medical and ~nprofit 37 0.00045 0.00127 0.00052 0.00059 0.00027 0.00025 0.00051 0.00099 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 '0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPF surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP. surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP undergrOUnd construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WZPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground cohstruction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP undergrOUnd construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.00060 0.00187 0.00308 0.00254 0.00267 0.01382 0.57360 0.00282 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Households/PC local 54 0.36951 0.33341 0.40647 0.39097 0.13980 0.13980 0.13980 0.42500 54

0.53363 0.44863 0.67151 0.52446 0.33824 0.71889 0.87351 0.57453Column sums



·Tab1e L-l. Input-Output Tables, Lea and Eddy Counties.
November 1979: Direct Coefficients. (Continued)

Industry Purchasing·
Industry Selling 33 34 35 36 37 38 39 40

Livestock and livestock products 1 0.00000 0.00034 0.00109 0.00000 0.00003 0.00000 0.00000 0.00000 1
Cotton 2 0.00000 0.00006 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 2
Grains and seeds 3 0.00000 0.00067 0.00337 0.00000 0.00000 0.00006 0.00006 0.00006 3
Fruits and vegetables 4 0.00000 0.00003 0.00001 0.00000 0.00002 0.00000 0.00000 0.00000 4
Forestry and fishery products 5 0.00000 0.00001 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 5
Agricultural services 6 0.00000 0.00028 0.00020 0.00000 0.00000 0.00032 0.00032 0.00032 6
Miscellaneous metallic and nonmetallic minerals 7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 7
Crude petroleum 8 0.00000 0.00006 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 8
Natural gas ana liquid petroleum 9: 0.00000 aio'oll37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 9
Stone, gravel, and sand 10 0.00000 0.00004 0.00001 0.00000 0.00000 0.00744 0.00744 0.00744 10
potash ·mining 11 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 11
;Residential construction 12 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00280 0.01757 0.00743 0.00494 0.00900 0.00000 0.00000 0.00000 15
Food products 16 0.00017 0.00012 0.00000 0.00000 0.00032 0.00000 0.00000 0.00000 16
Fabrics and apparel 17 0.00005 0.00010 0.00148 0.00000 0.00018 0.00000 0.00000 0.00000 17
Wood and lumber products 18 0.00000 0.00001 0.00000 0.00000 0.00000 . 0.00000 0.00000 0.00000 18
printing 19 0.00049 0.00299 0.00009 0.00051 0.00300 0.00000 0.00000 0.00000 19
Chemical products 20 0.00005 O. 00013 0.00030 0.00090 0.00017 0.00000 0.00000 0.00000 20
plastics and petroleum products 21 0.00540 0.00357 0.00838 0.00430 0.00884 0.00047 0.00047 0.00047 21
Glass and stone products 22 0.00001 0.00002 O. 00004 0.00001 0.00000 0.00000 0.00000 0.00000 22

tj' Pr imary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23
Fabricated metal products 24 0.00000 0.00000 0.00000 0.00001 0.00000 0.00136 0.00136 0.00136 24

Q) Machinery 25 0.00005 0.00011 O. 00387 0.00238 0.00000 0.00011 0.00011 0.00011 25
Electrical products 26 0.00000 0.00000 O. OOOO~. 0.00009 0.00084 0.00000 0.00000 0.00000 26
Transportation and warehousing 27 0.00172 0.00350 O. 00487 0.00803 0.00349 0.00431 0.00431 0.00431 27
Communications 28 0.00559 0.01517 0.00644 0.01478 0.01308 0.00439 0.00439 0.00439 28
Electrical utility 29 0.01428 0.00966 0.01214 0.00214 0.01781 0.00094 0.00094 0.00094 29
Gas utility 30 0.00314 0.00194 0.00265 0.00262 0.00352 0.00000 0.00000 0.00000 30
Wa ter and sewer 31 0.00225 0.00393 0.00340 0.00118 0.00646 0.00000 0.00000 0.00000 31
Wholesale trade 32 0.00573 0.00635 0.02391 0.01323 0.02089 0.06613 0.06613 0.06613 32
Retail trade 33 0.00383 0.00913 O. 01504 0.01652 0.01888 0.00000 0.00000 0.00000 33
Finance, insurance, and real estate 34 0.03464 0.08665 O. 03929 0.03435 0.06246 0.00830 0.00830 0.00830 34
Lodging and personal and repair services 35 0.00793 0.00453 0.03926 0.01584 0.02056 0.00211 0.00211 0.00211 35
Businesses and miscellaneous services 36 0.00795 0.05356 0.01151 0.05497 0.02381 0.00000 0.00000 0.00000 36
Medical and nonprofit 37 0.00082 0.00689 0.00191 0.00221 0.00340 0.00008 0.00008 0.00008 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground "construction, 1982 46 0.00000 0.00000 o. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0;00000 0.00000 0.00000 49
WIPP secur i ty and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.01696 0.02965 O. 00350 0.01293 0.01238 0.00000 0.00000 0.00000 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.02612 0.01410 0.03087 53
Households/PC local 54 0.• 42500 0.36153 0.34761 0.42166 0.51489 0.16734 0.09038 0.19783 54

Column sums 0.53885 0.61897 0.53788 0.61362 0.74405 0.28948 0.20050 0.32472



C
Table L-l. Input-output Tables, Lea and Eddy Counties,

November 1979: Direct Coefficients (Continued)
Industry Purchasing

Industry Selling 41 42 43 44 45 46 47 48

Livestock and livestOck products 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
Cotton 2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2
Grains and seeds 3 0.00006 0.00006 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 3
Fruits and vegetables 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 4
Forestry and fishery products 5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 5
Agricultural services 6 0.00032 0.00032 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 6
Miscellaneous metallic and nonmetallic minerals 7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 7
Crude petroleum 0" 8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 8
Natural gas and liquid petroleum 9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 9
Stone, 'gravel, and sand 10 0.00744 0.00744 0.00000 0.00268 0.00268 0.00268 0.00268 0.00268 10
potash mining' 11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresfdential construction' 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other 'construction ' 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00000 0.00000 0.00494 0.00000 0.00000 0.00000 0.00000 0.00000 15
Food products 16 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 16
Fabrics,and apparel 17 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0'.00000 0.00000' 17
Wood and lumber'products 18 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 18
Printing 19 0.00000 0.00000 0.00051 0.00000 0.00000 0.00000 0.00000 0.00000 19
Chemical products 20 0.00000 0.00000 0.00090 0.00000 0.00000 0.00000 0.00000 0.00000 20
Plastics and petroleum products 21 0.00047 0.00047 0.00430 0.00000 0.00000 0.00000 0.00000 0.00000 21
Glass and stone 'products.' 22 0.00000 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 22

l:" Pr imary'metal' products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23,
~ Fabricated metal products 24 0.00136 0.00136 0.00001 0.00051 0.00051 0.00051 0.00051 0.00051 24

Machinery 25 0.00011 0.00011 0.00238 0.00141 0.00141 0.00141 0.00141 0.00141 25
Electrical products 26 0.00000 0.00000 0.00009 0.00000 0.00000 0.00000 0.00000 0.00000 26
Transportation and'warehousing 27 0.00431 0.00431 0.00803 0.00401 0.00401 0.00401 0.00401 0.00401 27
Conununications 28 0.00439 0.00439 0.01478 0.00067 0.00067 0.00067 0.00067 0.00067 28
Electr ieal' utility 29 0.00094 0.00094 0.00214 0.00882 0.00882 0;00882 0.00882 0.00882 29
Gas 'utility 30 0.00000 0.00000 0.00262 0.00000 0.00000 0.00000 0.00000 0.00000 30
Water and' sewer 31 0.00000 0.00000 0.00118 0.00000 0.00000 0.00000 0.00000 0.00000 31
Wholesale trade 32 0.06613 0.06613 0.01323 0.07448 0.07448 0.07448 0.07448 0.07448 32
Reta il ' tiade 33 0.00000 0.00000 0.01652 0.00000 0.00000 0.00000 0.00000 0.00000 33
Finance, insurance, and real estate 34 0.00830 0.00830 0.31435 0.00347 0.00347 0.00347 0.00347 0.00347 34
Lodging 'and 'personal and repair services 35 0.00211 0.00211 0.01584 0.00236 0.00236 0.00236 0.00236 0.00236 35
Businesses and miscellaneous services 36 0.00000 0.00000 0.05497 0.00000 0.00000 0.00000 0.00000 0.00000 36
Medical and nonprofit 37 0.00008 0.00008 0.00221 0.00011 0.00011 0.00011 0.00011 0.00011 37
WIPP .sur'face'construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surfaeeoonstruction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP.surface,construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface:c6nstruction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface'constrUction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP'underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 52
Households/PC weekly 53 0.04351 0.03817 0.00000 0.04873 0.05452 0.05462 0.05265 0.04802 53
Households/PC local 54 0.27879 0.24445 0.53737 0.27294 0.30537 0.30590 0.29485 0.26896 54

Column sums 0.41832 0.37864 0.71638 0.42019 0.45841 0.45904 0.44602 0.41550



Table L-l. Input-Output Tables, Lea and Eddy Counties,
November 1979: Direct Coefficients (Continued)

Industry Purchasing
Industry se~ling 49 50 51 52 53 54 Row Sums'

Livestock and livestock products 1 0.00000 0.00000 0.00000 0.00000 0.00024 0.00095 1 0.68235
Cotton 2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2 0.15525
Grains and seeds 3 0.00000 0.00133 0.00000 0.00001 0.00010 0.00041 3 0.33565
Fruits and vegetables 4 0.00000 0.00000 0.00000 0.00000 0.00020 0.00078 4 0.00889
Forestry and fishery products 5 0.00000 0.00002 0.00000 0.00000 0.00021 0.00083 5 0.09210
Agricu1tur~ services 6 0.00000 0.00000 0.00000 0.00001 0.00007 0.00026 6 0.21110
Miscellaneous metallic and monmeta11ic minerals 7 0.00000 0.00004 0.00000 0.00000 0.00000 0.00000 7 0.01016
Crude petroleum 8 0.00000 0.00065 0.00000 0.00001 0.00000 0.00000 8 0.48568
Natural gas and liquid petroleum 9 0.00000 0.00405 0.00000 0.00006 0.00000 0.00000 9 0.32996
Stone, gravel, and sand 10 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 10 0.15828
Potash mining 11 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 11 0.02447
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12 0.00000
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13 0.00000
All other' construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 'l4 0.00000
Construction maintenance 15 0.00494 0.02048 0.00205 0.02145 0.00000 0.00000 15 0.37554
Food products 16 0.00000 0.00005 0.00000 0.00000 0.00417 0.01668 16 0.08958
Fabrics and apparel 17 0.00000 0.00036 0.00000 0.00004 0.00001 0.00003 17 0.11240
Wood and lumber products 18 0.00000 0.00000 0.00000 0.00000 _ 0.00000 0.00000 18 0.09763
Printing 19 0.00051 0.00037 0.00000 0.00014 0.00072 0.00287 19 0.03316
Chemical products 20 0.00090 0.00015 0.00000 0.00149 0.00013 0;00053 20 0.16379,
Plastics and petroleum products 21 0.00430 0.02989 0.00000 0.00406 0.00047 0.01901 21 0.49214 '
Glass and stone products 22 0.00001~ 0.00001 0.00000 0.00002 0.00000 0.00001 22 0.16691

t" Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23 0.00000t Fabricated metal products 24 0.00001 0.00000 0.00000 0.00001 0.00000 0.00000 24 0.01841....
0 Machinery 25 0.00238 0.00017 0.01535 0.00337 0.00012 0.00048 25 0.12043

Electrical prodUCts 26 0.00009 0.00000 0.00000 0.00006 0.00000 0.00000 26 0.01375
Transportation and warehousing 27 0.00803 0.08829 0.00977 0.01274 0.00395 0.01578 27 0.83680 c

Communications 28 0.01478 0.00861 0.00259 0.01371 0.00280 0.01119 28 0.26830
Electr ical utili ty 29 0.00214 0.01622 0.04470 0.00445 0.00354 0.01416 29 0.48067
Gas utility 30 0.00262 0.00338 0.00000 0.00377 0.00207 0.00828 30 0.53547
Water and sewer 31 0.00118 0.00114 0.00000 0.00119 0.00085 0.00340 31 0.06831
Wholesale trade 32 0.01323 0.02379 0.00250 0.01423 0.01102 0.04406 32 1.59229
Retail trade 33 0.01652 0.01069 0.00138 0.00674 0.03834 0.15335 33 0.72415
Finance, insurance, and real estate 34 0.03435 0.01853 0.00694 0.03167 0.01140 0.04561 34 1.16017
Lodging and personal and repair services 35 0.01584 0.02424 0.00064 0.01177 0.01291 0.05163 35 0.44278
Businesses and miscellaneous services 36 0.05497 0.00894 0.00000 0.01345 0.00179 0.00714 36 0.80892
Medical and nonprofit 37 0.00221 0.00052 0.00119 0.00188 0.00238 0.00953 37 0.05452
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38 0.00000
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39 0.00000
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40 0.00000
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41 0.00000
WIPP surface construction, 1984 42 0.00000 0.00000 0.00000 .0.00000 0.00000 0.00000 42 0.00000
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43 0.00000
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44 0.00000
WIPP undergrotmi' construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45 0.00000
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46 0.00000
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47 0.00000
WIPP underground construction, 1984 48 0.00000 0.00000 O.ooog; 0.00000 0.00000 0.00000 48 0.00000
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49 0.00000
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50 0.00000
WIPP undergrOUnd operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51 0.00000
Government 52 0.00000 0.00000 0.00000 0.03548 0.02100 0.08500 52 0.83762
Bousebo1ds/pc weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53 0.41131
Bouseholds/pc local 54 0.57448 0.56290 0.54173 0.45300 0.00000 0.00000 54 15.35617

Column sums 0.75349 0.82482 0.62884 0.63481 0.11849 0.49198

()



Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979:
Direct, Indirect, and Induced Coefficients

Industry purchasing
Industry Selling i 2 3 4 5 6 7 8

Livestock and livestock products 1 1.51090 0.04604 0.15328 0.02313 0.24603 0.00534 0.00194 0.00110 1
Cotten 2 0.00433 1.01744 0.00089 0.00050 0.00327 0.00184 0.00090 0.00050 2
Grains and seeds 3 0.41657 0.01399 1.07351 0.00712 0.06893 0.00995 0.00110 0.00069 3
Fruits .and vegetables 4 0.00102 0.00038 0.00031 1.00402 0.00051 0.00127 0.00042 0.00022 4
Forestry. and fiShery products 5 0.00024 0.00030 0.00026 0.00019 1.07792 0.00041 0.00053 0.00025 5
Agricultural services 6 0.01001 0.10394 0.01452 0.05937 0.03017 1.00057 0.00034 0.00022 6
Miscellaneous metallic and nonmetallic minerals 7 0.00009 0.00011 0.00023 0.00009 0.00002 0.00000 1.00846 0.00001 7
Crude petrolelDD 8 0.01322 0.02325 0.02150 0.00923 0.02268 0.00558 0.00774 1.00833 8
Natural'gas and liquid petrolelDD 9 0.00206 0.00297 0.00260 0.00i47 0.00298 0.00178 0.00301 0.00194 9
Stone, gravel, and'sand 10 0.00091 0.00157 0.00212 0.00105 0.00020 0.00005 0.00007 0.00023 10
Potash mining' " 11 0.00055 0.00080 0.00137 0.00061 0.00010 0.00002 0.00018 0.00003 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All, .other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.01447 0.01803 0.01623· 0.01079 0;00665 0.00343 0.00699 0.03197 15
Food products 16 0.04040 0.00657 0.00814 0.00411 0.03027 0.00810 0.00840 0.00453 16
Fabrics' and apparel 17 0.00015 0.000.17. 0.00014 0;00010 0.00017 0.00011 0.00016 0.00010 17
wood ,and llDDber products 18 0.00010 0.00012 0.00010 0.00007 0.00007 0.00004 0.00042 0.00015 18
Printlcng 19 0.00108 0.00141 0.00111 0.00081 0.00148 0.00153 0.00165 0.00120 19
Chemical, products 20 0.00477 0.00643 0.00835 0.00313 0.00217 0.00061 0.02340 0.00380 20
Plastics and petroleum products 21 0.02844 0.05023 0.04648 0.01986 0.04896 0.01173 0.01613 0.01224 21

t;'
Glass and stone ,products 22 0.00013 0.00018 0.00020 0.00012 0.00007 0.00003 0.00005 0.00012 22
Primary metal pr~ucts 23 0.00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23... Fabricated metal products 24 0.00001 0.00086 0.00001 0.00001 0.00002 0.00000 0.00001 0.00010 24... Machinery, 25 0.00061 0.00002 0.00064 0.00046 0.00057 0.00053 0.01154 0.00049 25
Blectr ica1 productS 26 0.00001 0.02361 0.00002 0.00001 0.00002 0.00001 0.00003 0.00001 26
Transportation., and warehousing 27 0.03758 0.01150 0.02700 0.01647 0.02285 0.01141 0.02348 0.00956 27
communications 28 0.00934 0.01802 0.00898 0.00617 0.00853 0.00766 0.01163 0.00736 28
B1ectr~ca1 utility 29 0.01161 0.00781 0.01038 0.00888 0.01108 0.00989 0.02340 0.01873 29
Gas utility 30 0.00589 0.01079 0.00638 0.00457 0.00847 0.00784 0.01326 0.00828 30
Water aild sewer 31 0.00496 0.05887 0.00955 0.00904 0.00280 0.00225 0.00246 0.00225 31
Wholesale trade 32 0.05286 0.08122 0.05080 0.03878 0.05948 0.02457 0.03643 0.02022 32
Retail' trade, 33 0.06697 0.11283 0.06936 0.04510 0.07780 0.07313 0.07814 0.04827 33
Finance, insurance" and real estate 34 0.05689 O.O'Ull 0.07563 0.04115 0.05798 0.03306 0.04404 0.12074 34
Lodging ,and personal and repair services 35 0.02492 0.04582 0.02352 0.01783 0.03298 0.02759 0.03039 0.01928 35
Businesses and miscellaneous services 36 0.02349 0.00473 0.04065 0.02363 0.01368 0.00872 0.01922 0.02643 36
Medical and nonprofit 37 0.00402 0.00000 0.00374 0.00285 0.00467 0.00488 0.00646 0.00384 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP, surface' construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP, surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
.WIPP, surface cmstruction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP constructim,management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP undergrOUnd construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP undergr~und construction,' 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP,underground constructim, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP undergroundcmstruction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface Operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP undergrOUnd ~ratims 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.02872 0.03973 0.03253 0.02583 0.04067 0.04454 0.04891 0.02978 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Househo1ds!pc local 54 0.24680 0.30595 0.25042 0.19910 0.39272 0.45748 0.47816 0.25761 54

Co1U11lJ\ sums 2.62411 2.04678 1.96093 1.58565 2.27698 1.76597 1.90946 1.64059



Table L-2. Input-Output Tabies, Lea and Eddy Counties, November 1979:
Direct, Indirect, and Induced Coefficients (Continued)

Industry Purchasing
Industry Selling 9 10 11 12 13 14 15 16

Livestock. and livestock products 1 0.00144 0.00234 0.00174 0.00255 0.00248 0.00246 0.00302 0.12352 1
Cotton 2 0.00064 0.00109 0.00081 0.00121 0.00115 0.00115 0.00143 0.11033 2
Grains and seeds 3 0.00090 0.00141 0.00100 0.00182 0.00162 0.00169 0.00176 0.05911 3
Fruits and vegetables 4 0.00029 0.00047 0.00037 0.00050 0.00049 0.00049 0.00061 0.00193 4
Forestry and fishery products 5 0.00034 0.00055 0.00047 0.00058 0.00056 0.00056 0.00068 0.00030 5
Agricultural services 6 0.00030 0.00045 0.00030 0.00189 0.00125 0.00331 0.00103 0.01259 6
Miscellaneous metallic and nonmetallic minerals 7 0.00002 0.00001 0.00003 0.00001 0.00001 0.00001 0.00001 0.00008 7
Crude petroleum 8 0.00811 0.01468 0.00990 0.01160 0.01313 0.02214 0.01335 0.00938 8
Natural gas and liquid petroleum 9 1.17713 0.00426 0.00916 0.00313 0.00323 0.00387 0.00348 0.00247 9
Stone, gravel, and sand 10 0.00032 1.00839 0.00007 0.00391 0.00522 0.02274 0.00689 0.00047 10
Potash mining 11 0.00008 0.00055 1.01431 0.00002 0.00003 0.00005 0.00002 0.00017 11
Residential construction 12 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 14
Construction maintenance 15 0.04434 0.01570 0.00762 0.00720 0.00743 0.00808 1.00715 0.00922 15
Food products 16 0.00589 0.01007 0.00751 0.01085 0.01065 0.01043 0.01321 1.03388 16
Fabrics and apparel 17 0.00014 0.00027 0.00015 0.00139 0.00031 0.00095 0.00037 0.00037 17
Wood and lumber products 18 0.00021 0.00030 0.00059 0.03830 0.01209 0.00224 0.00395 0.00007 18
Printing 19 0.00159 0.00209 0.00148 0.00223 0.00220 0.00214 0.00262 0.00254 19
Chemical products 20 0.01050 0.00788 0.02170 0.00162 0.00308 0.00403 0.00143 0.00282 20
Plastics and petroleum products 21 0.01588 0.03098 0.01890 0.02455 0.02802 0.04750 0.02830 0.01987 21

~
Glass and stone products 22 0.00017 0.05705 0.00005 0.02762 0.03650 0.02337 0.00341 0.00009 22

I Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23.... Fabricated metal products 24 0.00006 0.00001 0.00001 0.00197 0.00310 0.00188 0.00048 0.00001 24
~ Machinery 25 0.00068 0.00628 0.01642 0.00156 0.00182 0.00167 0.00130 0.00053 25

Electrical products 26 0.00002 0.00003 0.00003 0.00023 0.00032 0.00026 0.00010 0.00002 26
Transportation and warehousing 27 0.01275 0.03849 0.02270 0.05020 0.05228 0.07166 0.04317 0.03909 27
Conununications 28 0.00996 0.01234 0.01066 0.01654 0.01802 0.01692 0.01634 0.01229 28
Electrical utility 29 0.01685 0.04348 0.03226 0.01718 0.01685 0.01719 0.01875 0.01617 29
Gas utility 30 0.03337 0.01743 0.04859 0.01230 0.01224 0.01231 0.01389 0.00958 30
Water and sewer 31 0.00358 0.00602 0.00226 0.00376 0.00383 0.00374 0.00411 0.00358 31
Wholesale trade 32 0.03213 0.06957 0.02708 0.08919 0.08641 0.07947 0.08083 0.05706 32
Reta il trade 33 0.06323 0.10556 0.07059 0.18599 0.14757 0.13595 0.18448 0.05893 33
Finance, insurance, and real estate 34 0.16625 0.07980 0.04067 0.06006 0.06247 0.06105 0.06298 0.04640 34
Lodging and personal and repair services 35 0.02541 0.04856 0.02751 0.04626 0.04833 0.04827 0.05147 0.02661 35
Businesses and miscellaneous services 36 0.03654 0.04972 0.01914 0.07343 0.09163 0.06142 0.03756 0.02324 36
Medical and nonprofit 37 0.00508 0.00669 0.00594 0.00776 0.00806 0.00776 0.00876 0.00438 37
WIPP;surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction,. 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP undergloundconstruction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.03963 0.06004 0.04429 0.06363 0.06263 0.06095 0.07548 0.03393 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00600 0.00000 0.00000 0.00000 0.00000 53
Households/PC local 54 0.33318 0.56905 0.42858 0.60984 0.59955 ' 0.58792 0.74892 0.30990 54

Column sums 2.04698 2.27161 1.89298 . 2.38085 2.34460 2.32560 2. 441}).. 2.03090

()
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979:
Direct, Indirect, and Induced Coefficients (Continued)

Industry Purchasing
Industry Selling 17 18 19 20 21 22 23 24

Livestock and livestock products 1 0.01735 0.00186 0.00164 0.00359 0.00142 0.00250 0.00161 0.00191 1
COtton 2 0.03825 0.00090 0.00080 0.00128 0.00065 0.00117 0.00076 0.00092 2
Grains and seeds 3 0.00543 0.00110 0.00096 0.00185 0.00089 0.00163 0.00090 0.00111 3
Fruits and vegetables 4 0.00042 0.00037 0.00034 0.00171 0.00029 0.00050 0.00033 0.00039 4
Forestry and fishery products 5 0.01878 0.00044 0.00044 0.00481 0.00034 0.00057 0.00037 0.00044 5
Agricultural services 6 0.00474 0.00037 0.00031 0.00065 0.00028 0.00046 0.00027 0.00035 6
Miscellaneous metallic and nonmetallic minerals 7 0.00001 0.00001 0.00002 0.00133 0.00006 0.00001 0.00000 0.00000 7
Crude petroleum 8 0.00794 0.00764 0.00674 0.03651 0.49197 0.01495 0.00474 0.00828 8
Natural,gas and liquid petrOleum 9 0.00245 0.00260 0.00223 0.01051 0.03421 0.00502 0.00155 0.00315 9
Stone, gravel, and sand 10 0.00012 0.00009 0.00007 0.00052 0.00023 0.06838 0.00003 0.00016 10
potash mining 11 0.00005 0.00003 0.00011 0.00808 0.00007 0.00006 0.00001 0.00001 11
Residential ,construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential ,construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other-construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00688 0.00793 0.00777 0.01292 0.03091 0.01268 0.00287 0.00708 15
Food,products 16 0.00948 0.00805 0.00649 0.01184 0.00597 0.01070 0.00709 0.00828 16
Fabrics and apparel 17 1.11241 0;00109 0.00176 0.00045 0.00022 0.00081 0.00010 0.00101 17
Wood ,and lumber products 18 0.00007 1. 00811 0.00007 0.00010 0.00015 0.00022 0.00003 0.00152 18
Printing 19 0.00177 0.00167 1.01754 0.00221 0.00140 0.00230 0.00136 0.00166 19
Chemical products 20 0.00186 0.00355 0.01409 1. 05419 0.00887 0.00276 0.00047 0.00141 20
Plasti~s and petrOleum products 21 0.01672 0.01600 0.01416 0.07794 1.07140 0.03134 0.00994 0.01724 21

I)
Glass and stone products 22 0.00007 0.00043 0.00006 0.00011 0.00013 1. 02896 0.00003 0.00025 22
Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1. 00000 0.00000 23

.... Fabrica~ed metal products 24 0.00001 O. 00001 0.00001 0.00006 0.00007 0.00001 0.00000 1.00142 24
W Machinery 25 0.00066 0.00258 0.00061 0.00097 0.00057 0.00445 0.00047 0.02475 25

Electrical products 26 0.00002 0.00003 0.00004 0.00005 0.00002 0.00003 0.00001 0.00005 26
Transportation and warehousing 27 0.02509 0.04246 0.02383 0.04131 0.04417 0.15385 0.00928 0.02917 27
COmmunications 28 0.01316 O. 01316 0.01936 0.01518 0.00909 0.01879 0.00673 0.01392 28
Electr iC'llt' utili ty 29 0.02016 0.01832 0.01519 0.03091 0.02165 0.02568 0.00869 0.01811 29
Gas utility 30 0.01022 0.01077 0.00932 0.03013 0.02642 0.01917 0.00689 0.01421 30
Water and sewer 31 0.00347 0.00241 0.00280 0.00579 0.00437 0.00364 0.00192 0.00253 31
Wholesale trade 32 0.05970 0.07267 0.04255 0.05487 0.03035 0.06691 0.02103 0.05073 32
Reta 11 trade 33 0.08485 0.07546 0.06942 0.10223 0.05998 0.10247 0.06455 0.08448 33

. Fi'nance, insurance, and real estate 34 0.05319 0.05122 0.04991 0.06656 0.09850 0.07117 0.02776 0.04912 34
Lodgin9 and personal and repair services 35 0.03333 0.03134 0.02968 0.04050 0.02450 0.04715 0.02441 0.03106 35
Businesses'and'miscellaneous services 36 0.02081 0.02072 0.03904 0.03070 0.03077 0.03610 0.00734 0.02036 36
Medica'l and nonprofit 37 0.00603 0.00556 0.00608 0.00744 0.00457 0.00768 0.00432 0.00576 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction; 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction 'management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP secur i ty and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.05222 0.04633 0.04722 0.06385 0.03859 0.06236 0.03950 0.04763 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Households/PC local 54 0.49854 0.45192 0.39293 0.61410 0.33882 0.60640 0.40704 0.46956 54

Column sums 2.12624 1.90719 1.82400 2.33523 2.38191 2.41090 1.66242 1. 91802
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979:
Direct, Indirect, and Induced 'Coefficients (Continued)

Industry Purchasing
Industry Selling 25 26 27 28 29 30, 31 32

Livestock and livestock products 1 0.00232 0.00203 0.00304 '0.00248 0.00111 0.00170 0.00277 0.00303 1
Cotton 2 0.00112 0.00098 0.00131 0.00111 0.00053 0.00080 0.00129 0.00160. 2
Grains and seeds 3 0.00135 0.00117 0.00325 0.00159 0.00067 0.00099 0.00165 0~00177 3
Fruits and vegetables 4 0.00047 0.00041 0.00056 0.00048 0.00022 0.00035 '0.00056 0.00053. 4
Forestry and.fishery products 5 0.00053 0.00047 0.00065 0.00053 0.00026 0.00039 0.00063 . 0.00060 5
Agricultural services 6 0.00045 0.00037 0.00054 0.00042 0.00021 0.00032 0.0005L _0.00168 6
Miscellaneous metallic and nonmetallic minerals 7 0.00001 0.00000 0,00006 0.00000 0.00000 0.00001 0.00001',. : 0.00001 7
Crude petroleum 8 0.01032 0.01003 0.02553 0.00837 0.01224 0.04419 0.01266, ' 0.01249 8
Natural gas and liquid petroleum 9 0.00308 0.00293 0.01031 0.00284 0.01605 0.27118 0.00860': 0.00323 9
Stone, gravel, and sand 10 0.00008 0.00007 0.00023 0.00015 0.00025. 0.00027, 0.00061 0.00012 10
Potash.mining 11 0.00001 0.00001 0.00002 0.00001 0.00003 0.00003 0.00003 0.00002 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00745 0.00762 0.03048 0.01997 0.03500 0.03746 0.08606 0.00768 15
Food products 16 0.01014 0.00876 0.01204 0.01021 0.00478 0.00733 0.01188 0.01456 16
Fabrics and apparel 17 0.00104 0.00115 0.00071 0.00040 0.00037 0.00028 0.00062 0.00126 17
Wood and lumber products 18 0.03403 0.00007 0.00018 0.00012 0.00016 0.00018 0.00045 0.00045 18
Printing 19 0.00202 0.00419 0.00282 0.00220 0.00097 0.00157 0.00252 0.00292' 19
Chemical products 20 0.00121 0.00074 0.00143 0.00079 0.00159 0.00301 0.00359 0.00168 20
Plastics and petroleum products 21 0.02176 0.02115 0.05300 0.01754 0.02201 0.01405 0.02520 0.02647 21
Glass and stone products 22 0.00009 0.00008 0.00016 0.00010 0.00014 0.00015 0.00034 0.00056 22

tot Pr imary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23I Fabr icated metal products 24 0.00003 0.00001 0.00002 0.00001 0.00002 0.00003 0.00005 0.00002 24....
01:- Machinery 25 1.02056 0.00066 0.00119 0.00100 0.00039 0.00068 0.00301 0.00137 25

Electr ical products 26 0.00086 1.01089 0.00003 0.00003 0.00001 0.00002 0.00007 0.00009 26
Transportation and warehousing 27 0.38686 0.02503 1.11581 0.01637 0.03271 0.01249 0.03041 0.03355 27
Communications 28 0.01451 0.01691 0.02248 1.02385 0.00824 0.01220 0.02594 0.02412 28
E1ectr ical utility 29 0.01963 0.01821 0.03560 0.01996 1.08655 0.01655 0.04938 0.01948 29
Gas utility 30 0.01281 0.01242 0.01916 0.01262 0.06233 1. 58053 0.04357 0.01268 30
Water and sewer 31 0.00345 0.00274 0.00494 0.00440 0.00256 0.00362 1.00528 0.00508 31
Wholesale trade 32 0.07915 0.04771 0.06482 0.03620 0.02363 0.02800 0.05375 1.05116 32
Retail trade 33 0.09930 0.08823 0.12321 0.10029 0.04809 0.07356 0.12172 0.11892 33
Finance, insurance, and. real estate 34 0.05733 0.05846 0.01615 0.05806 0.02929 0.07663 0.08804 0.07305 34
Lodging and personal and repair services 35 0.03749 0.03383 0.01072 0.10101 0.02020 0.02806 0.05894 0.05936 35
Businesses and miscellaneous services 36 0.02096 0.02572 0.02736 0.02375 0.01254 0.02464 ' 0.03459 0.03938 36
Medical and nonprofit 37 0.00680 0.00686 0.00820 0.00712 0.00337 0.00541 0.00932 0.00816 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ' 0.00000 39
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 O~OOOOO' 0.00000 0.00000 49
WIPP secur ity and remote handling SO 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 SO
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
GOvernment 52 0.05780 0.05196 0.07246 0.06157 0.03168 0.06621 0.66433 0.06802 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 53
Households/PC local 54 0.57183 .0.49829 0.68086 0.58435 0.27216 0.41856 0.67710 0.63849 54

COlumn sums 2.13683 1.96017 2.46992 2.11990 1.73037 2.73144 2.02550 2.23361

()
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Table L-2. Input-Output. Tab1es,.Lea.and Eddy Counties,. November. 1979:
Direct, Indirect, and Induced Coeff iC,ients (Continued)

Industry Purchasing
Industry Selling 33 34 35 36 37 38 '39 40

Livestock and livestock products 1 0:00251 0.00323 0;00454 0.00272 0.00338 '0:00119 '0.00078 0;00135 1
.Cotton 2 0.00118 '0.00128 O. 00114 0;'00126 0.00156 0.00056 0.00037 0.00064 2
Grains ..,~d seeds 3 0.00146 0.00241 0.00555 '0:00162 0.00199 0.00075 "0.00052 0.00084 3
Fruits and vegetables 4 0.00050 0.00054 0.00047 0;00055 0.00068 0.00023 0.00015 0.00027 4
~orestry and fishery. products 5 0.00056 0.00059 0.ii0054 0:00061 0.00074 '0.00026 0.00017 0.00030 5
Agricultural. services 6 0.00043 0.00077 0.00070 0.00048 0.00060 0.00060 0.00053 0.00062 6
Misce1~aneous metallic and nonmetallic minerals 7 0.00000 0.00001 0.00001 a.oooin. 0.00001 0.00000 0.00000 0.00000 7
Crude petrOleum. . 8 0.01037 0.01012 0.01159 0.01071 0.01468 0.00401 0.00283 0.00448 8
Natural gas and liquid petroleum 9 0.00373 0.00398 0.00356 0:00371 0.00487 0.00123 0.00084 0.00139 9
.~Stone~· gravel, and .sand 10 0.00009 0.00025 0.00014 0.00011 0.00016 0.00753 0.00752 0.00754 10
··Potash mining 11 0.00001 0.00003 0.00002 0.00002 0.00002 0.00001 0.00001 0.00001 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12

: Nonresidential construction 13 0.00000 0.00000 0;00000 0.00000 '0.00000 0;00000 0.00000 0.00000 ·13
All other constr uction 14 0:00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0,00957 0'.02649 0.01434 0.01231 0.01877, 0:00274 0.00201' 0.00303 15
Food products 16 . 0.01092 0.01117 '0.00990 O. 01167 0.01440 0.00519 0.00339 0.00590, '16
Fabrics and apparel 17 0.00025 0.00032 :0.00190 0.00023 0.00049 0.00015 0.00013 0.00016 17

.,Wood and lumber products 18 0.00008 0.00017 0.00024 0.00018 0.00014 0.00006 0:00005 0.00006 18"
Printing . 19 0.00270 0.00553 0.00216 0.00294 0.00602 0.00104 0'.00069 '0'.00117 19
C?emica1'products 20 0.00092 0.00115 0.00119 0.00191 0.00140 0.00046 0.00034 '0.00051 2ii'
Plastics and petroleum. products 21 0.02166 0.02104 0.02439 0.02241 0'.03079 0.00844 0';00597 0.00942 21

t"' Glass' and ·stone. p~oducts ' 22 0.00007 0; 00014 0.00013 0.00010 0.00012 O. 00048' "0:00047 0.00048 22
I Pr ;mar.y. ,metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23.... Fabr icated,metal products 24 0.00001 0.00002 0.00001 0.00002 0.00001 0.• 00137 0.00136 0:;00137 24

111 Machinery' 25 0.00091 0.00119 0.00486 0.00350 0.00120 0.00057 . 0.00045 . 0.00062 25
Electrical products 26 0.00002 0.00004 0.00012 0.00012 0.00089 0.00001 0.00001 0.00001 26
Transportation and warehousing 27 0.01744 0.02115 0.02051 0.02601 0.02490 0.01283 0.01047 0.01376 27
Communications 28 0.01726 0.02945 0.01786 0.02849 0.02931 0.01032 0.00861 O. 01100 28
Elect< iea1 utility' 29 0.02966 0.02630 0.02715 0.01837 0.03877 0.00799 0.00578 0.00886 29
Gas utility 30 0.01683 0.01568 0.01539 0.01658 0.02145 0.00517 '0;00342 0.00586 30
Water and sewer, 31 0.00547 0.00763 0.00661 0.00481 0.01089 0.00157 0.00108 0.00176 31
wholesale trade 32 0.03917 0.04298 0.05636 0.05078 ,0';06582 0.08269 0.07735 0.08481 32

'. Retail. ,trade ." .. 33 1.10289 0.11349 0.10672 0.12510 0.14936 0.04668 0.03028 0.05318 33
Fi_n~nce_, il?-su,ra:nce, and real estate _ 34 0.08293 0.14469 0.08719 0.08937 0.12952 0.03119 0; 02414 0.03398 34
LOag'ing' and'~rsona:C and repair services 35 0.04664 0.04656 1. 07664 0.05986 0.07271 0.02127 0.01507 0.02372 . 35'
,Businesses and miscellaneous services 36 0.02301 0.07614 0.02748 0.07449 . 0.04643 0~00801 0; 00614 0.00874 36
Medical" and nonprofit 37 0.00775 0.01460· 0.00841 0.00986 1.01268 0.00328 0.00218 0.00371 37
WIPP surface construction, 1980 38 0.00000 0.00000 0;'00000 0.00000 . 0:00000 1.00000 0.00000 0.00000 38
WIPP . "urface ~nstfuction,.1981 39 '0.00000 0.00000 0.00000 0.00000 0.00000 0 ..00000 1.00000 0.00000 39
WIP?surface ~onstruction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0;00000 1.00000 40
WIPP· surface construction,. 1983 41 0.00000 0.00000 0.00000 0.000'00 0.00000 ' 0.00000 0.00000, 0.00000 41
WIPP 'surface construCt'ioil, 1'984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 0.00000 0'.00000 0.00000 0.00000 . 0.00000 0.00000 43
.WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP.underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0:00000 0.00000 0.00000 ,45
~ipP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0:00000 0.00000 46
~IPP underground sonstruct~on, 1983 47 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 .48
WIPP general surface operations' 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.08058 0.09927 O. 06277 0.08188 0.09844 0.02844 O. 01841 0.03241 52
Households/PC weekly 53 0.00000 0.00000 0.00000 0.00000 0.00000 0.02612 0.01410 0.03087 53
Households/PC. local 54 0.61520 0.63006 0.55908 0.66581 0.80134 0.27800 0.17761 0.31778 54

Column sums 2.15278 2.35848 2.15966 2.32'859 2.60450 ~ 1. 42324 1.67062
-:""



Table L-2. Input-Output Tables, Lea and~ddY!Counties, November 1979:
Direct, Indirect, and Induced Coefficients (Continued)

(

~Industry Purchasing
Industry Selling 41 42 -43 44 45 46 47 48

Livestock and livestock products 1 0.00178 0.00160 ~O.00328 0.00174 0.00192 0.00192 0.00186 0.00172 1
Cotton 2 0.00084 0.00076 0.00152/' 0~00083 0.00091 0.00092 0.00089 0.00082 2
Grains and seeds 3 0.00108 0.00098 0:-00193 0.00100 0.00110 0.00110 0.00106 0.00099 3
Fruits and vegetables 4 0.00036 0.00032 0.00066 0.00035 0.00039 0.00039 0.00037 0.00035 4
Forestry and fishery products 5 0.00039 O. 00035~- 0.00074 0.00039 0.00043 0.00043 0.00042 0.00038 5
Agricultural services ,6 0.00069 0.00066 0;(00057 0.00038 0.00041 0.00041 0.00040 0.00037 6
Miscellaneous metallic 'and nonmetallic minerals 7 ,~' 0.00000 0.00000 6.00001 0.00000 0.00000 0.00000 0.00000 0.00000 7
Crude petroleum 8~ ~~ 0 _005'12'- 0'.00519 0.01230 0.00546 0.00595 0.00596 0.00579 0.00539 8
Natural gas and liquid petroleum 9 0.00180 0.00162 0.00422 0.00186 0.00203 0.00203 0.00197 0.00184 9
stone, gravel, and ,sand 10 0.00754 0.00754 0.00011 0.00274 0.00275 0.00275 0.00275 0.00274 10
Potash mining 11 0.00001 0.00001 0.00002 0.00001 0.00001 0.00001 0.00001 0.00001 11
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12
Nonresidential construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13
All other construction 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14
Construction maintenance 15 0.00380 0.00347 0.01298 0.00380 0;00411 0.00411 0.00401 0.00376 15
Food products 16 0.00780 0.00700 0.01412 0.00772 0.00848 0.00849 0.00823 0.00762 16
Fabrics and apparel 17 0.00019 0.00018 0.00026 0.00020 0.00021 0.00021 0.00020 0.00020 17
Wood and lumber products 18 0.00007 '0.00007 0.00019 0.00012 0.00012 0.00012 0.00012 0.00012 18
Printing 19 0.00153 0.00138 0.00341 0.00150 0.00165 0.00165 0.00160 0.00148 19
Chemical.products 20 0.00063 0.00058 0.00205 0.00060 0.00065 0.00065 0.00063 0.00059 20
Plastics and petroleum products 21 0.01202 0.01092 0.02576 0.01143 0.01247 0.01249 0.01213 0.01130 21

l:l
Glass and stone products 22 0.00049 0.00049 0.00010 0.00022 0.00023 0.00023 0.00023 0.00022 22
Primary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23.... Fabricated metal products 24 0.00137 0.00137 0.00002 0.00051 0.00052 0.00052 0.00052 0.00051 24

0'1 Machinery 25 0.00075 0.00069 0.00362 0.00202 0.00207 0.00207 0.00205 0.00201 25
Electrical products 26 0.00002 0.00002 0.00013 0.00002 0.00002 0.00002 0.00002 0.00002 26
Transportation and warehousing 27 0.01624 0.01519 0.02900 0.01597 0.01697 0.01698 0.01664 0.01585 27
COmmunications 28 0.01279 0.01203 0.03060 0.00895 0.00968 0.00969 0.00944 0.00886 28
Electrical utility 29 0.01118 0.01020 0.02129 0.01937 0.02030 0.02032 0.02000 0.01925 29
Gas utility 30 0.00770 0.00692 0.01887 0.00798 0.00872 0.00874 0.00848 0.00789 30
Water and sewer 31 0.00227 0.00206 0.00545 0.00223 0.00243 0.00244 0.00237 0.00220 31
Wholesale trade 32 0.09043 0.08804 0.05781 0.09844 0.10071 0.10075 0.09997 0.09817 32
Retail trade 33 0.07043 0.06311 0.14726 0.06944 0.07638 0.07650 0.07413 0.06858 33
Finance, insurance, and real estate 34 0.04140 0.03825 0.09844 0.03568 0.03867 0.03872 0.03770 0.03532 34
Lodging and personal and repair services 35 0.03025 0.02748 0.06809 0.02997 0.03259 0.03264 0.03174 0.02964 35
Businesses and miscellaneous services 36 0.01071 0.00987 0.07678 0.01032 0.01111 0.01113 0.01086 0.01023 36
Medical and nonprofit 37 0.00487 0.00438 0.01133 0.00480 0.00527 0.00528 0.00512 0.00475 37
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38
WIPP surface construction, 1981 39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39
W!PP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40
WIPP surface construction, 1983 41 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 41
WIPP surface construction, 1984 42 0.00000 1. 00000 .0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42
WIPP construction management and design 43 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43
WIPP underground construction, 1980 44 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 44
WIPP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 45
WIPP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 46
WIPP underground construction, 1983 47 0.0,0000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 47
WIPP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 48
WIPP general surface operations 49 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49
WIPP security and remote handling 50 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 50
WIPP underground operations 51 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 51
Government 52 0.04296 0.03849 0.08208 0.04221 0.04646 0.04653 0.04508 0.04169 52
Households/PC weekly 53 0.04351 0.03817 0.00000 0.04873 0.05452 0.05462 0.05265 0.04802 53
Households/pc local' 54 0.42339 0.37860 0.80638 0.41573 0.45809 0.45878 0.44435 0.41053 54

Column sums 1.85702 1.77799 2.54136 1.85273 1.92831 1.92956 1.90380 1.84345

()
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979:
Direct, Indirect, and Induced Coefficients (Continued)

Industry Purchasing
Industry Selling 49 50 51 52 53 54 Row Sums

Livestock and livestock products 1 0.00347 0.00383 0.00295 0.00286 0.00128 0.00513 1 2.23268
Cotton 2 0.00161 0.00169 0.00139 0.00133 0.00060 0.00242 2 1.22548
Grains and seeds 3 0.00204 0.00369 0.00168 0.00170 0.00071 0.00287 3 1. 72453
Fruits and vegetables 4 0.00070 0.00072 0.00060 0.00058 0.00027 0.00106 4 1.03169
Forestry and fishery products 5 0.00078 0.00083 0.00067 0.00064 0.00029 0.00117 5 1.12606
Agricultural services 6 0.00060 0.00067 0.00050 0.00052 0.00022 0.00085 6 1. 26417
Miscellaneous metallic and nonmetallic minerals 7 0.00001 0.00005 0.00000 0.00001 0.00000 0.00001 7 1.01085
Cr ude petroleum 8 0.01286 0.02785 0.00930 0.01115 0.00165 0.01505 8 2.12687
Natural gas and liquid petroleum 9 0.00440 0.01108 0.00360 0.00426 0.00108 0.00492 9 1.67548
Stone" gravel, and sand 10 0.00012 0.00025 0.00008 0.00022 0.00002 0.00010 10 1.17864
Potash mining 11 0.00002 0.00002 0.00001 0.00002 0.00000 0.00002 11 1.02776
Residential construction 12 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 12 1.00000
Nonr~sidentia1 construction 13 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 13 1.00000
All other ·construction . 14 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 14 1.00000
Construction maintenance 15 0.01332 0.03182 0.00929 0.02940 0.00214. 0.00913 15 1. 76049
Food products 16 0.01496 0.01552 0.01290 0.01230 0.00561 0.02254 16 1.58688
Fabrics and apparel 17 0.00028 0.00075 0.00022 0.00028 0.00008 0.00031 17 1.13592
Wood and lumber products 18 0.00020 0.00020 0.00060 0.00028 0.00003 0.00011 18 1.10804
Printing 19 0.00357 0.00348 0.00251 0.00265 0.00107 0.00431 19 1.13032
Chemical products 20 0.00210 0.00165 0.00093 0.00257 0.00033 0.00149 20 1.23028
Plastics and petroleum products 21 0.02693 0.05786 0.01934 0.02321 0.00331 0.03158 21 2.31894

tot
Glass. and stone products 22 0.00010 0.00017 0.00007 0.00016 0.00002 0.00009 22 1.18561

I Pr imary metal products 23 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 23 1.00000.... Fabricated metal products 24 0.00002 0.00002 0.00001 0.00003 0.00000 0.00001 24 1.01902
~ Machinery 25 0.00367 0.00140 0.01652 0.00451 0.00037 0.00149 25 1.16641

. E1ectr ica1 products 26 0.00013 0.00003 0.00003 0.00009 0.00001 0.00003 26 1.01516
Transportation and warehousing 27 0.03010 0.12032 0.02934 0.03238 0.00718 0.02950 27 2.71340
Communications 28 0.03139 0.02574 0.01542 0.02761 0.00531 0.02140 28 1.82307
E1ectr ica1 utility 29 0.02231 0.03985 0.06459 0.02151 0.00680 0.02760 29 2.20222
Gils utility 30 0.01968 0.02312 0.01530 0.01904 0.00536 0.02189 30 2.38613
Water· and sewer 31 0.00567 0.00588 0.00363 0.00492 0.00150 0.00609 31 1.22293
Wholesale trade 32 0.06029' 0.07511 0.04246 0.05407 0.01657 0.06683 32 4.19660
Retail trade 33 0.15487 0.15491 0.11948 0.12146 0.05099 0.20510 33 6.08939
Finance, insurance, and real ·estate 34 0.10171 0.08967 0.05945 0.08775 0.02161 0.08821 34 4.54199
Lodging and personal and repair services 35 0.07097 0.08268 0.04586 0.05737 0.01927 . 0.07756 35 3.20018
Businesses and miscellaneous· services 36 0.07765 0.03091 0.01466 0.03161· 0.00570 0.02334 36 2.61442
Medical and 'nonprofit 37 0.01184 0.01032 0.00916 0.00983 0.00341 0.01374 37 1.35884
WIPP surface construction, 1980 38 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 38 1.00000
WIPP surface construction, 1981 ·39 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 39 1.00000
WIPP surface construction, 1982 40 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 40 1.00000
WIPP surface construction, 1983 41 0.00000 0·.00000 0.00000 0.00000 0.00000 0.00000 41 1.00000
WIPP surface construction; 1984 42 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 42 1.00000
WIFP construction management and design 43 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 43 1.00000
WIFP underground construction, 1980 44 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 44 1.00000
WIFP underground construction, 1981 45 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 45 1.00000
WIFP underground construction, 1982 46 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 46 1.00000
WIFP underground construction, 1983 47 0.00000 0.00000 0.00000 0;00000 0.00000 0.00000 47 1.00000
WIFP underground construction, 1984 48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 48 1.00000
WIFP general surface operations 49 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 49 1.00000
WIPP security and remote handling 50 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 50 1.00000
WIFP underground operations 51 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 51 1.00000
Government 52 0.08674 0.08868 0.07244 1.10787 0.03094 0.12551 52 4.60289
Househol~S/PC weekly 53 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 53 1.41131
Households/PC local 54 0.85437 0.88099 0.73940 0.10171 0.07172 1.29330 54 21.21811

Column sums 2.61947 2.79177 2.31439 2.31592 1.26546 2.10475
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L.3.l Wages

L.3.2 Calculating Indirect Job Impact

"Iij X'AIMP19~3',= $IMPij

(0~01279 'C$53,113,,200 = $679,318)

Iij:= coefficient from Table L-2 for row i and column entry j~

i = 1, ••• ,52 and j =1, ••• ,52. Example usesi = 28
(communications subsector) and j = 41, (aboveground
construction in 1983)~ 128,41 = 0.01279.

AIMP1983 = aboveground-construction impact for 1983 (e.g., $53,113,200).

- Expected fringe benefits were then added to the wages for each subsector.
The fringe benefits were computed in s~veral ways. Information on fringe
benefits was ,obtained from several companies in ,the construction, petroleum,
and 'mining industr ies. For subsectors that! are not dominated by large com­
panies, aver~ges reflecting minimum fringe benefits at various salary levels
were used. Thus, the labor cost per employee is the estimated annual wages
paid in 1979 plus' the expected fringe-benefit percentage. Table:I:.-3-gi-iTesthe
annual wages, fringe-benefit percentage, and estimated. annual labor cost for
the '38, economic subsectors. The annual wages for the'government subsector
were der ived from Bureau of Economic AnalysIs data. "

Average employee costs for all of the 38 subsectors in the input-output
model were computed from information obtained from the New Mexico Employment
Security Department. Since complete 1979 data were not available, the 1978
average wages for the area were derived from the quarterly report Covered
Employment and Wages and the increase in wages from 1978 to 1979 was esti­
mated for each sec tor.

First, the level of wages must be determined. The average annual wages
and labor costs for each of the 37 private subsectors and the government sub- ~
sector (State, local, and Federal) are listed in TableL-3.

. , '
'Given below is a_sample calculation that illustrates the procedure: t;lsed to

estimate the number of new indirect jobs created by the WIPP in the tW9~cpunty
area.

The process for determining the impact on indirectly affected economic'
subsectors' is ,illustrated in the following equations:,

\ '

The first step is to determine the annual flow of dollars through the
economy from an increase in activity in a specific economic subsector.: The
example used here is aboveground construction and the year is 1983.' It is
esttrnated that the new dollars brought to the area by aboveground cons~ruction

in 1983 will be $53.113 million. This direct construction impact is then. - ~

multiplied by the coefficients given in Table L-2 (the inverted input-9utput
table lis'ting the direct, indirect, and induced effects) for the activlty ~of

interest (column 41: aboveground construction--1983).

where



Table L-3. Estimated Annual Wages and·Labor Costs per
Employee in Eddy and Lea Counties, 1979a

1.

2.
3.
4.
5.

6.
7.

8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.

35.

Subsector

Livestock and livestock
products

Cotton
Grains and seeds
Fruits and vegetables
Forestry and fishery

products
Agricultural services
Miscellaneous metals

and other minerals
Crude petroleum
Natural gas and liquid

petroleum
Stone, gravel, and sand
Potash mining
Residential construction
Nonresidential construction
All other construction
Construction maintenance
Food products
Fabrics and apparel
Wood and lumber products
Printing
Chemical products
Plastics and petroleum

products
Glass and stone products
Primary metal products
Fabricated metal products
Machinery
Electrical products
Transportation and'

warehousing
Conmunications
Electrical utility
Gas utility
Water and sewer
Wholesale trade
Retail trade
Finance, insurance,

and real estate ,
Lodging and personal

and repair services

Estimated
1979

annual wagesb

$ 9,320

7,585
7,585
7,585
9,298

9,298
17,321

16,567
16,567

17,321
17,321
10,545
12,808
11,573
11,052
10,181
7,818

11,097
9,989

18,618
21,227

12,666
(e)

12;3~3
13 ,177
10,399

., -: 121850

10,917
18,821
18,821
10,536
13 ,946·
7,751

11,068

6,541
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Estimated
fringe

benefitsC

(%)

10.0

10.0
10.0
10.0
16.0

16.0
28.0

28.'0
28.0

28.0
28.0
20.0

: 25.0
25.0
15.0
16.0
17.0
16.0
16.0
15.0
15.0

16.0
(e)

16.0
16.0
16.0
16.0

16.0
15.0
15.0
16.0
16.0
17.0
16.0

17.0

Estimated
annual labor
costs per

employee, 1979d

$10,252

8,343
8,343
8,343

10,786

10,786
22,171

21,206
21,206

22,171
22,171
12,654
16,010
14,466
12,710
11,810
9,147

12,873
11,587
21,411
24,411

14,693
(e)

14,295
15,285
12,063
14 ,906

12,664
21,644
21,644
12,222
16,177
9,069

12,839

7,653



Table L-3. Estimated Annual Wages and Labor Costs per Employee
Employee in Eddy arid Lea Counties, 1979a (continued)

Subsector

Estimated
1979

annual wagesb

Estimated
fringe

benefitsc
(%)

Estimated
annual labor
costs per

employee, 1979d

36. Businesses and miscellaneous 11,142 16.0
services

37. Medical and nonprofit 9,049 16.0

52. Government 12,944 16.0

12,925

10,497

15,015

aThese wages and labor costs are for jobs supported in indirectly
affected subsectors. Jobs created by (directly associated with) the
construction and operation of the WIPP project have annual wages that are not

. included in the listed figures. .
bOerived from Covered Employment and Wages, Quarterly Report, New Mexico

Employment Security, 1978. Wages were estimated for 1979 by using an
adjustment factor specific to major sectors.

COetermined from interviews with private companies and unions. Minimum
applicable percentage applies to most secondary and tertiary subsectors.

dper employee costs are representative of the annual wage and not
necessarily of a 40-hour average week.

eNo activity in this subsector in the two-county area.

$IMP" =1.J dollar indirect impact in subsector i from an exogenous in­
crease in subsector j: that is, impact on the comm~nications

subsector from an increase in aboveground-construction activity.

From this calculation it is apparent that the model estimates that the
increase in the communications subsector during 1983 will be about $680,000.

The next step is to determine the amount of money in the communications
subsector that will be expended for labor (i.e., labor costs). The following
E:!quation illustrates this:

$IMPij x LC54i = $LCji

($679,318 x 0.39097 = $265,593)

where.

LC54i = coefficient for labor costs in subsector i from Table L-1; i =
1, ••• ,52 (e.g., LC54,28 = 0.39097 represents the coefficient for
labor cost in subsector i = 28, communications).
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$LC" =J1 dollars flowing to labor cost in subsector i from an increase in
activity in subsector j (i.e., total labor cost in communications
(i = 28) as an indirect result of an increase,/ in aboveground
construction (j = 41) of $53,113,200 in 1983}.

After determining that just more than $265,000 will flow into labor costs
during 1983 through the communications subsector from increased aboveground­
construction activity, the remaining step is to determine how many jobs this
$265,000 will support during 1983. This is accomplished by the follOwing
mathematical operation:

$LCji + annual ULCi = indirect jobji

($265,593 ..;. $12,664 = 21.0)

where

Annual ULCi

Indirect Jobji

= annual average per-unit labor cost in subsector i
(e.g., in subsector i = 28, communications, annual ULCi
= $12,664).

= number of jobs in subsec tor i supported by new activ­
ityin subsector j (e.g., i = 41, aboveground con­
struction, $53,113,200, supports 21.0 jobs in i = 28,
communications).

This example shows that the resulting impact on jobs in this subsector-­
communications--wi1l be 21.0 jobs for 1983. Obviously the number of jobs
supported indirectly by the WIPP project will vary from year to year. Tables
L-4 through L-10 list the indirect effects of the WIPP for each year from 1980
through 1986 and for an average operations year thereafter. These tables list
the estimated dollar volume flow into the 38 indirectly affected subsectors of
the two-county economy (37 private and 1 government) and the number of jobs
indirectly created in each one of these subsectors.

Tables L-ll and L-12 list the indire~t employment impacts by major sector
(including government) ,and give the employment multiplier ,for each year.
Table L-13 gives the total number of direct, private. indirect, and government
jobs supported by the WIPP project for the years 1980 through 1986 before the
plant becomes fully operational. ~

L-2l



Table L-4. Indirect Impact of the WIPP Project in 1980: Dollar Volume
.- ---

and Jobs Supported by Subsector

Surface operations Management and design Underground operations
Estimated Jobs Estimated Jobs Estimated Jobs

Subsector volumea supported volumea supported volumea supported

1. Livestock and livestock
products 0.2 0.0 2.0 0.0 11.2 0.0

2. Cotton 0.1 0.0 0.9 0.0 5.3 0.0
3. Grains and seeds 0.1 0.0 1.2 0.0 6.4 0.1
4. Fruits and vegetables 0.0 0.0 0.4 0.0 2.2 0.0
5. Forestry and fishery

products 0.0 0.0 0.4 0.0 2.5 0.0
6. Agricultural services 0.1 0.0 0.3 0.0 2.4 0.1
7. Miscellaneous metals •

and other minerals 0.0 0.0 0.0 0.0 0.0 0.0
8. Crude petroleum 0.7 0.0 7.5 0.0 34.9 0.2
9. Natural gas and liquid

t"f petroleum 0.2 0.0 2.6 0.0 11.9 0.1
I

N 10. Stone, gravel, and sand 1.3 0.0 0.1 0.0 17.5 0.3
N 11. Potash mining 0.0 0.0 0.0 0.0 0.1 0.0

12. Residential constructionb 0.0 0.0 0.0 0.0 0.0 0.0
13. Nonresidential construction 0.0 0.0 0.0 0.0 0.0 0.0
14. All other construction 0.0 0.0 0.0 0.0 0.0 0.0
15. Construction maintenance 0.5 0.0 7.9 0.3 24.3 0.9
16. Food products 0.9 0.0 8.6 0.1 49.3 0.6
17. Fabrics and apparel 0.0 0.0 0.2 0.0 1.3 0.0
18. Wood and lumber products 0.0 0.0 0.2 0.0 0.8 0.0
19. Printing 0.2 0.0 2.1 0.0 9.6 0.2
20. Chemical products 0.1 0.0 1.2 0.0 3.8 0.1
21. Plastics and petroleum

products 1.5 0.0 15.7 0.1 73.1 0.3
22. Glass and stone products 0.1 0.0 0.1 0.0 1.4 0.0
23. Primary metal products 0.0 0.0 0.0 0.0 0.0 0.0
24. Fabricated metal products 0.2 0.0 0.0 0.0 3.3 0.1
25. Machinery 0.1 0.0 2.2 0.1 12.9 0.3
26. Electr ica1 products 0.0 0.0 0.1 0.0 0.1 0.0
27. Transportation and

warehousing 2.3 0.1 17.6 0.5 102.1 2.8
28. Communications 1.8 0.1 18.6 0.6 57.3 1.8
29. Electr ica1 utility 1.4 0.0 12.9 0.1 123.9 0.8
30. Gas utility 0.9 0.0 11.5 0.1 51.1 0.3
31. Water and sewer 0.3 0.0 3.3 0.0 14.2 0.2
32. Wholesale trade 14.8 0.4 35.1 0.9 629.6 16.5

()



Table L-4. Indirect Impact of the WIPP Project in 1980: Dollar Volume
and Jobs Supported by Subsector (continued)

Subsector

Surface operations
Estimated Jobs

volumea supported

Management and design
Estimated Jobs

volumea supported

Underground operations
Estimated Jobs

volumea supported

33. Retail trade 8.3 0.4 89.5 4.2 444.1 20.8
34. Finance, insurance,

and real estate 5.6 0.2 59.8 1.7 228.2 6.4
35. Lodging and personal

and repair services 3.8 0.2 41.4 1.9 191.6 8.7
36. Businesses and miscellaneous

services 1.4 0.0 46.7 1.5 66.0 2.2
37. Medical and nonprofit 0.6 0.0 ~ ~ --l..!hI ~

Total indirect impact 47.9 1 396.8 13 2213.1 65

Source: Larry Adcock and Associates, 1979.

Note: Detail may.not equal total due to rounding.

~housands of 1979 dollars.
bAPortion of the construction impact is assigned to the finance, insurance, and real estate subsector

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Department
of Commerce. The exact impacts of the construction-subsector portions cycled through the fire, insurance, and
real estate subsector are not available.



Table L-S. Indirect Impact of the WIPP Project in 1981: Dollar Volume
and Jobs Supported by Subsector

Surface operations Management and design Underground operations
Estimated Jobs Estimated Jobs Estimated Jobs

Subsector vo1umea supported vo1umea supported vo1umea supported

1. Livestock, and livestock
products 15.7 0.1 13.7 0.1 31.6 0.1

2. Cotton 7.4 0.1 6.4 0.1 15.1 0.1 .
3. Grains and seeds 10.5 0.1 8.1 0.1 18.1 0.2
4. Fruits and vegetables 3.0 0.0 2.8 0.0 6.4 0.1
5. Forestry and fishery

prodUCts 3.4 0.1 3.1 0.1 7.1 0.1
6. Agricultural services 10.7 0.3 2.4 0.1 6.7 0.2
7. Miscellaneous metals

and other minerals 0.0 0.0 0.0 0.0 0.1 0.0
8. Crude petroleum 57.2 0.3 51.3 0.3 98.1 0.6
9. Natural gas and liquid

petroleum 17.0 0.1 17.6 0.1 33.4 0.2

t'l 10. Stone, gravel, and sand 151.9 2.2 0.5 0.0 45.3 0.7
I 11. Potash mining 0.2 0.0 0.1 0.0 0.2 0.0

"" 12. Residential constructionb 0.0 0.0 0.0 0.0 0.0 0.0oil-
13. ~onresidentia1 construction 0.0 0.0 0.0 0.0 0.0 0.0
14. All other construction 0.0 0.0 0.0 0.0 0.0 0.0
15. Construction maintenance 40.6 1.6 54.2 2.1 67.7 2.6
16. Food products 68.4 0.8 58.9 0.7 139.7 1.7
17. Fabrics and apparel 2.6 0.1 1.1 0.0 3.4 0.1
18. Wood and lumber products 1.0 0.0 0.8 0.0 2.0 0.0
19. Printing 14.0 0.3 14.2 0.3 27.2 0.6
20. Chemical products 6.9 0.1 8.6 0.2 10.7 0.2
21. Plastics and petroleum

products 120.6 0.5 107.5 0.5 205.4 0.9
22. Glass and stone products 9.6 0.2 0.4 0.0 3.7 0.1
23. Primary metal products 0.0 0.0 0.0 0.0 0.0 0.0
24. Fabricated metal products 27.5 0.6 0.1 0.0 8.5 0.2
25. Machinery 9.2 0.2 15.1 0.4 34.1 0.8
26. Electrical products 0.2 0.0 0.5 0.0 0.3 0.0
27. Transportation and

warehousing 211.5 5.8 121.0 3.3 279.5 7.6
28. C01IIIIlunications 173.8 5.4 127.7 3.9 159.4 4.9
29. Electrical utility 116.8 0.8 88.8 0.6 334.5 2.2
30. Gas utility 69.1 0.4 78.7 0.5- 143.7 0.9
31. Water and sewer 21.8 0.2 22.7 0.3 40.1 0.5
32. Wholesale trade 1561. 7 41.0 241.3 6.3 1659.2 43.6

() •



Table L-5. Indirect Impact of the WIPP Project in 1981: Dollar Volume
and Jobs Supported by Subsector (continued)

"Subsector

Surface operations
Estimated Jobs

vo1umea supported

Management and design
Estimated Jobs

vo1umea supported

Underground operations
Estimated Jobs

vo1umea supported

33. Retail trade 611.4 28.7 614.6 28.8 1258.5 59.0
34. Finance, insurance,

and real estate, . 487.4 13.7 410.8 11.6 637.1 17.9
35. Lodging and personal

, and repair services, 304.2 13.8 284.2 12.9 537.0 24.4
36. Businesses and inisce11aneous

services 124.0 4.0 320.5 10.5 183.1 6.0
37. Medical and nonprofit 44.0 2.2 47.3 ...b1 ~ ~

l~, t

~d indirectTotal impact 4303.2 124 2725.0 86 6083.4 181

Source: L~arry,Adcock and Associates, 1979.
"

Note: Detail may not equal total due to rounding.

aThousands of 1979 dollars.
bA portion. of the construction impact is assigned to the finance, insurance, and real estate subsector

because of the procedures .followed in building the national model by the Bureau of Economic Analysis, Department
.. of CommerCe. The exact impacts of the con~truction-subsectorportions cycled through the fire, insurance, and

real estate subsector are not available.





TableL-6.Indb:ect Impact of the WIPP Project in 1982: Dollar Volume and Jobs
,,,,Supported by Subsector (continued)

" Surface operations Management and design Underground operations'.
Estimated Jobs Estimated Jobs Estimated Jobs

:;....., Subsector volumea supported volumea .. supported volumea supported

'--
33. Rehiltrade 2,991.3 140.2 1476.6 69 •.2 2,761.0 129.4
34. Finance,:institance,

and' ,real estate 1,911. 5 53.8 987.1 27.8 1,397.5 39.4
"35.'" Lodgfngand personal

" and repair services 1,334.5 60.6 682.8 31.0 1,178.0 53.5
36. Business and miscel~aneous

services 491. 9 16.0 769.9 25.1 401.6 13.1
37. Medical and-nonprofit 208.9 10.2 113.6 ~ 190.4 9.3

Total and indirec~ impact 16,288.4 482 6547.1 206 13,340.9 396

.Source:' Larry"'Adcock and Associates, 1979.

,Note: Detail may not equal total due to rounding.

aThousands of .1979 dollars.
bA porxion of the construction impact is assigned to the finance, insurance, and real

e,state subsectorbecause of the procedures followed in building the' national model by the Bureau
of Economic Analysis, Department of Commerce. The exact impacts of the construction-subsector
portions cycled through the fire, insurance, and real ,estate subsector are not available.



Table L-7. Indirect Impact of the WIPP Project in 1983: Dollar Volume
and Jobs Supported by Subsector

Surface operations Management and design Underground operations
Estimated· Jobs Estimated Jobs Estimated Jobs

Subsector volumea supported volumea supported volumea supported

1. Livestock and livestock
products 94.5 0.4 57.2 0.2 23.4 0.1

2. Cotton 44.7 0.4 26.6 0.2 11.2 0.1
3. Grains and seeds 57.5 0.5 33.7 0.3 13.4 0.1
4. Fruits and vegetables 18.9 0.2 11.5 0.1 4.7 0.0

"
5. Forestry and fishery

-0--_" products 21.0 0.4 12.8 0.2 5.2 0.1
6. Agricultural services 36.9 1.2 10.0 0.3 5.0 0.2
7. Miscellaneous metals

and other minerals 0.2 0.0 0.1 0.0 0.0 0.0
8. Crude petroleum 303.6 1.7 214.8 1.2 72.8 0.4
9. Natural gas and liquid

) petroleum, 95.6 0.5 73.7 0.4 24.8 0.1

N 10. Stone, gravel, and sand 400.7 5.9 2.0 0.0 34.5 0.5
Q) 11. Potash mining, 0.6 0.0 0.4 0.0 0.1 0.0

12. Residential constructionb 0.0 0.0 0.0 0.0 0.0 0.0
13. Nonresidential construction 0.0 0.0 0.0 0.0 0.0 0.0
14. All other construction 0.0 0.0 0.0 0.0 0.0 0.0
15. Construction maintenance 201.6 7.8 226.6 8.8 50.4 2.0
16. Food products 414.3 5.1 246.5 3.0 103.5 1.3
17. Fabrics and apparel 10.1 0.3 4.6 0.2 2.6 0.1
18. Wood and lumber products 3.9 0.1 3.4 0.1 1.5 0.0
19. Printing 81.5 1.7 59.5 1.2 20.1 0.4
20. Chemical products 33.5 0.6 35.8 0.6 8.0 0.1
21. Plastics and petroleum

products 638.4 2.7 449.8 1.9 152.5 0.6
22. Glass and stone products 26.1 0.6 1.8 0.0 2.8 0.1
23. Primary metal products 0.0 0.0 0.0 0.0 0.0 0.0
24. Fabricated metal products 72.6 1.6 0.4 0.0 6.5 0.1
25. Machinery 39.6 1.0 63.1 1.5 25.8 0.6
26. Electr ical prodUCts 0.9 0.0 2.2 0.1 0.2 0.0
27. Transportation and

warehousing 862.7 23.5 506.4 13.8 209.2 5.7
28. COmmunications 679.6 21.0 534.3 16.5 118.7 3.7
29. Electr ical utility 594.0 3.8 371.6 2.4 251.4 1.6
30. Gas utility 409.2 2.6 329.4 2.1 106.7 0.7
31. Water and sewer 120.7 1.4 95.1 1.1 29.7 0.3
32. Wholesale trade 4,802.9 126.2 1,009.4 26.5 1256.8 33.0

() C)



Table L-7. ,~n_~j.re£~ ImpacJ: ~f the WIPP Pr~ject_j.n 1983: Dollar Volume
and Jobs Supported by Subsector' (continued)

...... ' SUbsector

Surface operations
Estimated Jobs

vo1umea supported

Management and design
Estimated Jobs

volumea supported

Underground operations
Estimated Jobs

vo1umea supported

33. Retail't'rade ' ' 3,740.6 175.3 2,571.2 120.5 931.9 43.7
34. Finance, 'fnsurance,

"'and real estate 2,198.7 61.9 1,718.7 48.4 473.9 13.3
35. Lodging ,and personal

and repair services 1,606.5 73.0 1,188.8 54.0 399.0 18.1
36. Businesses -"arid miscellaneous

'0 "

568.6 18.5 1,340.6 43.7 136.5 4.5services
37. Medical and'nonprofit 258.6 12.7 197.7 9.7 64.3 3.2

Total 'and indirect impact 18,438.5 553 11,399.9 359 4547.2 135

"
Source: ~arrY'Adcock and Associates, 1979.

..

Note:;' Detail inay not equal total due to rounding.

aThousands of 1979 dollars.
bA portion 'of the 'construction impact is assigned to the finance, insurance, and real estate subsector

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Depart­
mentof Commerce.-'The exact impacts of the construction-subsector portions cycled through the fire, insur­
ance, and real estate'subsector are not available.



Tab1e·L-8. Indirect Impact of the WIPP Project in 1984: Dollar Volume
and Jobs Supported by Subsector

Surface operations Management and design Underground operations
Estimated Jobs Estimated Jobs Estimated Jobs

Subsector volumea supported volumea supported volumea supported

1. Livestock and livestock
products 13.9 0.1 40.5 0.2 1.6 0.0

2. Cotton 6.6 0.1 18.8 0.2 0.8 0.0
3. Grains and seeds 8~5 0.1 23.8 0.2 0.9 0.0
4. Fruits and vegetables 2.8 0.0 8.2 0.1 0.3 0.0
5. Forestry and fishery

products 3.1 0.1 9.1 0.2 0.4 0.0
6. Agricultural services 5.8 0.2 7.1 0.2 0.4 0.0
7. Miscellaneous metals

and other minerals 0.0 0.0 0.1 0.0 0.0 0.0
8. Crude petroleum 45.1 0.3 151.8 0.9 5.1 0.0
9. Natural gas and liquid

tot petroleum 14.1 0.1 52.1 0.3 1.8 0.0
I

W 10. Stone, gravel, and sand 65.5 1.0 1.4 0.0 2.6 0.0
0 II. Potash mining 0.1 0.0 0.3 0.0 0.0 0.0

12. Residential constructionb 0.0 0.0 0.0 0.0 0.0 0.0
13. Nonresidential construction 0.0 0.0 0.0 0.0 0.0 0.0
14. All other construction 0.0 0.0 0.0 0.0 0.0 0.0
15. Construction maintenance 30.1 1.2 160.2 6.2 3.6 0.1
16. Food products 60.8 0.7 174.3 2.1 7.3 0.1
17. Fabrics and apparel 1.5 0.1 3.3 0.1 0.2 0.0
18. Wood and lumber products 0.6 0.0 2.4 0.1 0.1 0.0
19. Printing 12.0 0.2 42.1 0.9 1.4 0.0
20. chemical products 5.0 0.1 25.3 0.5 0.6 0.0
21. Plastics and petroleum

products 94.8 0.4 318.0 1.4 10.8 0.0
22. Glass and stone products 4.2 0.1 1.2 0.0 0.2 0.0
23. Primary metal products 0.0 0.0 0.0 0.0 0.0 0.0
24. Fabricated metal products 11.9 0.3 0.2 0.0 0.5 0.0
25. Machinery 6.0 0.1 44.6 1.1 1.9 0.0
26. Electr ieal products 0.1 0.0 1.6 0.0 0.0 0.0
27. Transportation and

warehousing 131.9 3.6 357.9 9.8 15.1 0.4
28. Communications 104.5 3.2 377.7 11. 7 8.5 0.3
29. Electrical. utility 88.6 0.6 262.7 1.7 18.4 0.1
30. Gas utility 60.1 0.4 232.9 1.5 7.5 0.0
31. Water and sewer· 17.9 0.2 67.2 0.8 2.1 0.0
32. Wholesale trade 764.7 20.1 713.5 18.7 93.7 2.5

()
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Table'L";'8. Indirect Impact of the WIPP Pro ect in 1984: Dollar Volume
arid Jobs Supported by'subsector <continued)

Surface operations Management and design Underground operations
" I, Estimated Jobs Estimated Jobs Estimated Jobs

·SUbsector, volumea supported volumea supported volumea supported

'. "

33. Retail trade' 548.1 25.7 1817.4 85.2 65.5 3.1
34. Firiance,insuranc!!,

and real estate 332.2 ;9.4 1214.8 34.2 33.7 0.9
35. Lodging ~ndpersonal

and repai'rservices
.,

238.7 10.8 840.3 38.2 28.3 1.3
36. Businessei'and miscellaneous

,services" • 85.8 2.8 947.6 30.9 9.8 0.3
37. Medical and 'nonprofit ' ~ -h2 139.8 ~ ~ 0.2

Total and indirect 'impact 2803.0 84 8057.8 254 327.6 10

soutce:" Larry A~cock and Associates, 1979.

Note: Detail may not equal total due to rounding.

aThousands of'~979 dollars.
bA portion of the construction impact is assigned to the finance, insurance, and real estate subsector

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Depart­
ment of Commerce. The exact impacts of the construction-subsector portions cycled through the fire, insur­
ance, and real estate" subsector are not available.



Table L-9. Indirect Impact of the WIPP Project in 1985 and 1986:
-bellar-Volume and-Jobs Supported by Subsector

Subsector

Management and design, 1985
Estimated Jobs

volumea supported

Management and design, 1986
Estimated Jobs

volumea supported

1. Livestock and livestock
products

2.· Cotton
3. Grains and seeds
4. Fruits and vegetables
5. Forestry and fishery

products
6. Agricultural services
7. Miscellaneous metals

and other minerals
8. Crude petroleum
9. Natural gas and liquid

petroleum
10. Stone, gravel, and sand
11. Potash mining
12. Residential constructionb
13. Nonresidential construction
14. All other construction
15. Construction maintenance
16. Food products
17. Fabrics and apparel
18. Wood and lumber products
19. Printing
20. Chemical products
21. Plastics and petroleum

products
22. Glass and stone products
23. Primary metal products
24. Fabricated metal products
25. Machinery
26. Electrical products
27. Transportation and

warehousing
28. Communications
29. Electrical utility
30. Gas utility
31. Water and sewer
32. Wholesale trade

49.2
22.9
29.0
9.9

11.0
8.6

0.1
184.8

63.4
1.7
0.3
0.0
0.0
0.0

194.9
212.1

4.0
2.9

51.2
30.8

386.9
1.5
0.0
0.3

54.3
1.9

435.6
459.6
319.7
283.4
81.8

868.2

0.2
0.2
0.3
0.1

0.2
0.3

0.0
1.0

0.4
0.0
0.0
0.0
0.0
0.0
7.6
2.6
0.1
0.1
1.0
0.0

1.6
0.0
0.0
0.0
1.3
0.1

11.9
14.2

2.1
1.8
0.9

22.8

68.7
31.9
40.5
13.9

15.4
12.0

0.1
258.0

88.5
2.4
0.4
0.0
0.0
0.0

272.2
29'6.1

5.5
4.0

71.5
43.0

540.3
2.1
0.0
0.4

75.8
2.7

608.2
641. 7
446.4
395.7
114.2

1,212.3

0.3
0.3
0.4
0.1

0.3
0.4

0.0
1.5

0.5
0.0
0.0
0.0
0.0
0.0

10.6
3.6
0.2
0.1
1.5
0.8

2.3
0.0
0.0
0.0
1.8
0.1

16.6
19.8

2.9
2.6
1.3

31.8
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Table L~9. Indirect Impact of the WIPP Project in 1985 and 1986: Dollar
Volume and Jobs Supported-by Subsector (continued)

Management and design, 1985 Management and design, 1986
Estimated Jobs Estimated Jobs

Subsector vo1umea supported vo1umea supported

33. Retail trade 2211.6 103.6 3,088.0 144.7
34. Finance, insurance,

and real estate 1478.3 41.6 2,064.2 58.1
35. Lodging and' personal

. and repair ~services 1022.6 46.4 1,427.8 64.9
36. 'Bu'sihesses and

. , , miscellaneous services 1153.1 37.6 1,610.1 52.5
37. Medical and nonprofit 170.1 8.3 237.5 11.6

Total and indirect impact 9805.6 309 13 ,691. 7 437

Source: Larr'y Adcock and Associates, 1979.

Note: Detail may not equal total due to rounding.

aThousands of 1979 dollars.
bA portion of the construction impact is assigned to the finance, insurance, and real estate

subsector because of the procedures fo1:owed in building the national model by the Bureau of Eco­
nomic Analysis, Department of Commerce. The exact impacts of the construction-subsector portions
cycled through the fire, insurance, and real estate subsector are not available.



Table L-1O. Indirect Impact of the WIPP Project, Average Year 1987 and Thereafter:
Dollar Volume and Jobs Supported by Subsector

. Surface operations Management and design Underground operations
Estimated Jobs Estimated Jobs Estimated Jobs.

Subsector volumea supported volumea supported volumea supported

1. Livestock and livestock
products 47.3 0.2 9.0 0.0 22.0 0.1

2. Cotton 22.0 0.2 4.0 0.0 10.4 0.1
3. Grains and seeds 27.8 0.2 8.6 0.1 12.5 0.1
4. Fruits and vegetables 9.6 0.1 1.7 0.0 4.5 0.0
5. Forestry and fishery

products 10.6 0.2 2.0 0.0 5.0 0.1
6. Agricultural services 8.2 0.3 1.6 0.1 3.7 0.1
7. Miscellaneous metals

and other· minerals 0.1 0.0 0.1 0.0 0.0 0.0
8. Crude petroleum 175.5 1.0 65.3 0.4 69 .. 4 0.4
9. Natural gas and liquid

)' petroleum 60.1 0.3 26.0 0.1 26.8 0.2

w 10. Stone, gravel, and sand 1.6 0.0 0.6 0.0 0.6 0.0
~ 11. Potash mining 0.3 0.0 0.0 0.0 0.1 0.0

12. Residential constructionb 0.0 0.0 0.0 0.0 0.0 0.0
13. Nonresidential construction 0.0 0.0 0.0 0.0 0.0 0.0
14. All other construction 0.0 0.0 0.0 0.0 0.0 0.0
15. Construction maintenance 181. 7 7.1 74.6 2.9 69.3 2.7
16. Food products 204.1 2.5 36.4 0.4 96.3 1.2
17. Fabrics and apparel 3.8 0.1 1.8 0.1 1.6 0.1
18. Wood and lumber products 2.7 0.1 0.5 0.0 4.5 0.1
19. Printing 48.7 1.0 8.2 0.2 18.7 0.4
20. Chemical products 28.7 0.5 3.9 0.1 7.0 0.1
21. Plastics and petroleum

products 367.5 1.6 135.7 0.6 144.3 0.6
22. Glass and stone products 1.4 0.0 0.4 0.0 0.5 0.0
23. Primary metal products 0.0 0.0 0.0 0.0 0.0 0.0
24. Fabricated metal products 0.3 0.0 0.0 0.0 0.1 0.0
25. Machinery 50.1 1.2 3.3 0.1 123.3 3.0
26. Elec tr ical produc ts 1.7 0.0 0.1 0.0 0.3 0.0
27. Transportation and

warehousing 410.7 11.2 282.1 7.7 218.9 6.0
28. Communications 428.4 13.2 60.4 1.9 115.1 3.6
29. Electrical utility 304.4 2.0 93.4 0.6 481.9 3.1
30. Gas utility 268.5 1.7 54.2 0.4 114.1 0.7
31- Water and sewer 77.4 0.9 13.8 0.2 27.1 0.3
32. Wholesale trade 822.6 21.6 176.1 4.6 316.8 8.3

() ()



Table L-IO. Indirect Impact of the WIPP Project Average Year, 1987 and Thereafter:
Dollar Volume and Jobs Supported by Subsector (continued)

Subsec tor

Surface operations
Estimated Jobs

volumea supported

Management and design
Estimated Jobs

volumea supported

Underground operations
Estimated Jobs

volumea supported

33. Retail 'trade 2133.0 99.0 363.3 17.0 891.4 41.8
34. Finance, insurance,

and real estate 1387.7 39.1 210.3 5.9 443.5 12.5
35. Lodging and personal

and'repair services 968.3 44.0 193.9 8.8 342.2 15.5
36. Businesses. and miscellaneous

services 1059.4 34.6 72.5 2.4 109.4 3.6
37. Medica~ and nonprofit 161.5 ~ ~ 1.2 --.2!:1 -h!

Total and indirect impact 9255.6 292 1927.8 56 3749.5 108

Source: Larry Adcock and Associates, 1979.

Note: Detail may not equal total due to rounding.

aThousands of 1979 dollars.
bA portion of the construction impact is assigned to the finance, insurance, and real estate subsector

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Depart­
ment of Commerce. The exact impacts of the construction-subsector portions cycled through the fire, insur­
ance, and real estate subsector are not available.



Table L-ll. Indirect Impact of the WIPP Project, 1980-1983: Dollar Volume
and Jobs Supported by Major Sector

Total 1980 Total 1981 Total 1982 Total 1983
Estimated Jobs Estimated Jobs Estimated Jobs Estimated Jobs

Major sector vo1umea supported vo1umea supported vo1umea supported vo1umea supported,

Agriculture 35.9 0.3 171.8 1.8 499.2 5.2 488.3 5.0
Mining 76.8 0.6 472.9 4.4 1,309.6 12.0 1,223.9 10.9
Constructionb 32.7 1.2 162.5 6.3 449.0 17.5 478.6 18.6
Manufacturing 189.0 2.0 902.3 9.6 2,561.3 26.8 2,511.3 25.7
Transportation, cOllllllunica-

tion, and utilities 419.2 7.2 1,989.3 37.3 5,474.4 102.6 5,218.9 100.3
Trade 1221.3 43.3 5,946.7 207.4 16,215.4 574.8 14,312.8 525.2
Finance, insurance, and

real estate 293.6 8.3 1,535.3 43.2 4,296.0 121.0 4,391.3 123.6
Services 389.1 16.3 1,931.0 80.3 5,371.5 224.5 5,760.7 237.3

Subtotal
t" (private sector) 2657.6 79.2 13,111.8 390.3 36,176.4 1084.4 34,385.8 1,046.6I
IN
0\ 1,479.7 4,325.6Government 324.9 9.8 44.6 130.5 4,281. 7 129.1

Total 2982.5 89.0 14,591.5 434.9 40,502.0 1214 .9 38,677.3 1175.7

Employment multi-
plier (additive) 1.44 1.54 1.32 1.24

Source: Larry Adcock and Associates, 1978.

Note: Detail may not equal total due to rounding.

aln thousands of 1979 dollars.
bA portion of the constructon impact is assigned to the finance, insurance, and real estate sector because of the

procedures followed in building the national model by the Bureau of Economic Analysis, Department of Commerce. The exact
impact of the construction-sector portion cycled through the finance, insurance, and real estate sector is not available.



TableL-12. Indirect Impact of the WIPP Project, 1984-1987 and Thereafter:
Dollar Volume and Jobs Supported by Major-Sector

Total 1987 and
Total 1984 Total 1985 Total 1986 each year thereafter

Estimated Jobs Estimated Jobs Estimated Jobs Estimated Jobs
Major sector vo1umea -- supported vo1umea supported volumea supported volumea supported

Agr iculture $ 152.3 1.5 $ 130.7 1.2 $ 182.4 1.7 $ 210.4 1.9
Mining 340.0 2.6 250.3 1.4 349.5 2.0 426.5 2.5
constructionb 193.9 7.5 194.9 7.6 272.2 10.6 325.6 12.7
Manufacturing 832.9 8.3 745.8 7.4 1,041.4 10.4 1,295.5 14.0
Transportation;-communica- 1,75~.0 34.3 1,580.0 30.9 2,206.2 43.1 _2;950.3 53.4

tion, and" utilities
Trade 4,002.8 155.2 3,079.8 126.5 4~300.4 176.6 4,683.4 192.4
Finance, insurance, and 1,580.7 44.5 1,478.3 41.6 2,064.2 58.1 2,"041.5 57.5

real estate
Services 2,332.8 93.1 2,345.8 92.4 3,275.4 129.0 2,999.7 121.4

Subtotal 11,188.4 347.1 9,805.6 309.0 13,691. 7 431.5 14,932.9 455.8
(private sector)

Government 1,387.1 41.9 1,232.7 37.2 1,721.2 51.9 1,931.8 58.3

Total 12,575.5 389.0 11,038.3 346.2 15,412.9 483.4 16,864.7 514.1

Employment multi.;.""
plier (additive) 1.31 1.29 1.16 1.17

Source: Larry Adcock and Associates, 1979.

Note: Detail may not equal- total due to rounding •
.'

aln thousands of 1979 dollars.
bA portion of 'the construction impact is assigned to the finance, insurance, and real estate sector because of the procedures fol­

lowed in building'the national model by the Bureau of Economic Analysis, Department of COmmerce. The exact impact of the construction­
sector portion cycleq through the finance, insurance, and real estate sector is not available.



Table L-13. Jobs Created or Supported by the Construction
and the Operation of the WIPP Project, 1980-1987 and Thereafter .,

After
Activity 1980 1981 1982 1983 1984 1985 1986 1987 1987

Surface construction

Direct jobs 1 68 415 551 79
Private indirect jobs 2 124 482 553 84
Government Jobs 1 11 55 69 io
Total jobs 3 203 952 1173 173
Annual new jobs 3 200 749 221 (1000) (173)

Management and design

Direct jobs 5 52 152 281 208 269 417
Private indirect jobs 13 86 206 359 254 309 432
Government Jobs 1 10 25 43 31 37 52
Total jobs 19 148 383 684 493 615 901
Annual new jobs 19 129 235 301 (191) 122 286 (901)

Underground construction

Direct jobs 56 162 355 119 9
Private indirect jobs 66 181 396 135 10
Government Jobs 8 23 51 17 1
Total jobs 130 366 802 271 20
Annual new jobs 130 236 436 (531) (251) (20)

Surface operations (general)

Direct jobs 0 (a) (a) (a) 256 256
Private indirect jobs 0 (a) (a) (a) 292 292
Government Jobs 0 (a) (a) . (a) 36 36
Total jobs 0 (a) (a) (a) 584 584
Annual new jobs 0 (a) (a) (a) 584

Operations: remote storage and secur i ty

Direct jobs 0 Ca) Ca) (a) 44 44
Private indirect jobs 0 (a) (a) (a) 56 56
Government Jobs 0 (a) (a) (a) 6 6
Total jobs 0 (a) Ca) (a) 106 106
Annual new jobs 0 Cal (al (a) 106

underground operations

Direct jobs 0 (al (a) (al 140 140
Pr ivate indirect jobs 0 (a) (a) (al 108 108
Government Jobs 0 (a) (a) (a) 16 16
Total jobs 0 (al (a) (al 264 264
Annual new jobs 0 (a) (al (al 264

Total all activities

Direct jobs 62 282 922 951 296 269 417 440 440
Pr ivate indirect jobs 81 391 1084 1047 348 309 432 456 456
Government Jobs 10 44 131 129 42 37 52 58 58
Total jobs 152 717 2137 2128 686 615 901 954 954
Annual new jobs 152 565 4274 (91 (1442) (71) 286 53

Note: Detail may not equal total due to rounding.
~he years 1984-1986 are transition years, and some jobs listed as management and design will continue

into operation positions.
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L.4 POPULATION

~ L.4.l Factors Affecting Population

Three c;-itical economic parameters must be analyzed in order to determine
the overall impact generated by an exogenous increase in a specific activity
within a region': employment increases, increa'ses in the flow of dollars, in­
cluding personal income, and population changes. The order in which these
speqific cat~gories are computed is important to the methods demonstrated in
this appendix.

Changes in employment ,and increases ,in dollar flows .qan be derived directly
from the results of the input~output ID,odeL Population migration, however" is
dependent on the increase in employment derived from the input-output model.
While the derivation of ~mployment depends on assumptions concerning certain
coefficients and factors drawn from previous studies, increases in population
may be significantly influenc.ed by ch~nges in activity in other areas of the
economy that cannot be predicted with reasonable acc~racy. Specific condi­
tions of uncertainty involve mining, which supports much of the economic
activity in the two-county area.

Recent examples of fluct.uation in economic ac~ivity that make it difficult
to determine exact population-migration figures are evident. Between 1960 and
1970 both Eddy and Lea Counties lost population pr inc:ipally because of de­
creased levels of activity i~ mining. During the 10~year period, the popu­
lation of Eddy County decreased by 19%, and the population loss in Lea County
was just more than 7%. Before this decreasing trend was recognized, in the
middle and early 1960s, popUlation projections by the Bureau of Business and
Economic Research (BBER), the Official State population-projecting agency,
were relatively high, indicating that professional demogr~phic researchers
felt that the area would continue to grow. Later population projections by
the Federal Government and the BBER indicated somewhat lower levels of popu­
latfon growth. Since 1970, and particularly since the energy crisis, both
counties have maintained high levels of growth. Growth in Eddy County is
correlated w:i,.th the end of potash "dumping" on the U.S. market by Canadian
firms. In Lea County higher levels of oil and gas exploration and continued
production ha~e increased the population.

While the current outlook--particularly dU~irig the' last Sor 6 years--has
been one of high expectations. in terms of population growth in the near future,
population growth is influe~ceq by a number qf,outsige factors.: For example,
high prices and limited~supplies of petroieUm have indirectlyc,reated growth
in Lea County arid in the City·ofHobbs. Should' these' conditions change, the
degree of growth in the area could also change. The,potash ,industry of Eddy
County (the major basic industry) now supplies between 80% 'and 90% of~all pot­
ash sold in u.S. markets. Should the demand.f<;>r potash decrease, the mining
sector in Eddy County would besignificelntly affected. '

Personal interview~"with, industrial development executives ,for Hobbs and
Carlsbad indicate that a determined effort is: under way to ~iversify the econ­
omy of both counties inoiderto stabilize their economic bases. Because of
the high level of activity in the extractive industries, the availability of
labor for certain occupations in Eddy and Lea Counties may require the
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in-migration of a number of laborers into the area. However, recent develop­
ments while this study was being conducted indicate that there is a reasonable
labor supply for many of the needed occupations in the area.

Employment-application records from the NMESD were examined to determine
the availability of labor for various occupations. From this examination the
percentage of workers needed for ·occupations directly connected with the con­
struction and operation of the WIPP was determined. Economic activity within
an area can change rather rapidly. As the "level of economic activity· changes,
available labor in certain occupations also changes. Migration ~o work on a.
large construction project or to operate a facility like the WIPP depends on
many factors. These include the recruitment procedure for employees, the
availability of labor within an area, the construction~companysubcontracting
practices, and the availability of community facilities.

Many of the major factors affecting in-migration can be recognized, but
dealing with them in a quantitative manner is difficult. Researchers tend to
rely on previous studies conducted to determine the degree of migration and/or
specific analogous case studies of construction projects. Possibly one of the
best studies in recent years is the Construction Worker Profile, completed for
the Old West Regional Commission (OWRC) in early 1976. A large number of the
migration factors contained in this appendix h~ve been drawn from that doc­
ument. However, there is very little information that can be used in esti­
mating the number of people who will move into the area to fill jobs iIi sec­
ondaryand tertiary sectors (i.e., spinoff jobs from the construction and
operation of the WIPP). These facts should be recogniZed while reading this
appendix.

L.4.2 Population Impact calculations

The impact on popUlation of WIPP construction and operation was calculated
from the results of the employment portion of the model. The calculations for
each year are too extensive to give here. However, sample calcuiations and
formulas are given below to illustrate the procedure used in determining the
annual popUlation impact. For illustrative purposes only, the year 1981, the
second year of construction, and the year 1987, the first full year of opera­
tion, have been used in the sample calculations.

The calculation of population impact consists of three major steps. The
first step calculates the number of people who are expected to move into the
Jirea because of WIPP construction. The formulas are as follows:

AGCl98l x MigCONA = AGCJMl98l

(68 x 0.539 = 37)

(162 x 0.606 = 98)
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MDE1981 x MigCO~ = MDEJM1981

(52 x 0.498 = 26)

AGCJM1981 + BGCJM1981 = CJM1981

(37 + 98 = 135)

MDEJM1981 = MOWH1981

(26 = 26)

CJM1981 x HCWF = MCWH1981

(139 x 0.985 = 133)

MCWH1981 x CWHSZ = MCP1981

(133 x 2.28 = 303)

MOWH1981 x OWHSZ1981 = MOP1981

(26 x 2. 75 = 72)

MCP1981 + MOP1981 = MDP1981

(303 + 72 = 375)

where

AGC1981 = the tota1 number
jobs in 198!.

BGC1981 = the tota1 number
jobs in 198!.

MDE1981 = the total number
in 1981.

of WIPP-associated aboveground-construction

of WIPP-associated be1owground-construction

of WIPP-associated management and design jobs

= the proportion of total aboveground-construction jobs expected
to be filled by newcomers to the, area. The factor 0.539 was
derived from CbnstructionWorker Profile figures for the Four
Corners Region in 1975 (Arizona, Colorado, New Mexico, and. '

Utah) •

MigCO~

= the proportion of total be1owground-construction jobs expected
to be fii1ed by newcomers to' thearea~ The factor 0.606 was
determined by matching needed occupations and skill levels to
present availability (first quarter of 1977 and third quarter
of 1978 and 1979) of labor.

= the proportion of tota1nonconstruction' jobs expected to be
filled by newcomers to the area. The factor 0.498 is the
weighted average of the final operational migration factors.
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JM1981 = the total number of jobs expected to be filled by newcomers to
the area~ AGCJM = aboveground-construction JM~ BGCJM ='
belowground-construction JM~ MOE = management-and~design JMr
CJM = construction. JM. x' ,'.

HCWF = the factor that accounts for more than one construction worker
per household (0.985).

MCWH1981 = the number of newcomer construction-worker households ex­
pected in the area in 1981.

MOWH1981 = the number of newcomer management-and-design worker house­
holds in 1981.

CWHSZ = the average size of newcomer construction-worker households
(2.28--Construction Worker Profile).

OWHSZ1981 = the average size of newcomer nonconstruction-worker house­
holds in 1981 (see pages L-54 and L-55).

MCP1981 = the expected number of individuals in-migrating directly for
WIPP-construction jobs in 1981.

MOP198l = the expected number of individuals in-migrating directly for
management-and-design jobs at the WIPP in 1981.

MOP1981 = the expected number of individuals in-migrating directly for
jobs at the WIPP in 1981.

The sources of data are extremely important in computing the population
in-migrating to take new jobs in the construction and operation of the WIPP.
The average number of employees by year for construction or operation was
derived from data supplied by the Bechtel Corporation (October 23, 1979) and
the Westinghouse Electric Corporation (November 1978). The propqrtion of new
jobs expected to be filled by newcomers to the area is der ived from the Con­
struction Worker Profile. That OWRC stgdy involved 14 large construction-­
projects (six projects in the Four Corners Region) and showed that the per­
centage of lOcal workers varied from a high of more than 79% to a low of 3.3%
for all projects and a high of 79% to a low of 32% for the six projects in the
Southwest (Arizona, Colorado, New Mexico, and Utah). The average percentage
of local workers employed on the southwestern projects was 46.1%" indicating
that 53.9% of the construction workers were not residents of the area before
the construction activity (Four Corners Region only). A review of job appli­
cations in the computer files of the NMESD supports this distribution. Thus,
approximately 54% of the construction workers for these six projects had mi­
grated,to the area for construction work. This percentage has been used to
compute the number of aboveground/jobs that would be filled by individuals not
in the area before the construction began.

As c6nstrudtion/~o/kers move into the area to fill these positions, they
bring with them oth~r/members of their households. Certain of these members-­
the older children artd;spouse--may take up jobs in the area of tqe construc­
tion site~ The OWRe study indicates that about 1.5% of the new households '
contain two construction workers. This means that 985 households will supply

/
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1000 construction workers to the project, on the average. Thus, the number of
needed households has been decreased by 1. 5% to account for the two-

. construction-worker households. This factor of 0.985 is identified in the
~formula above as HCNE'. The final formula above yields the total number of

individuals in-migrating to take n~w,construction jobs. This number is com­
puted ~ taking the average househbid size and multiplying it by the needed
number of households to fill construction positions. In this case the average
household size of 2.28 is the average household size determined from the OWRC
study of all 14 construction projects in the West and Southwest. (For the
explanation of the nonconstruction employment in-migration, see the section
below on operation-associated in-migration.)

After the population in-migration due directly to construction has been
calculated, the change due to operation must be computed. This is determined
in the same way and is given by the following formulas:

(Note: The example year is 1987 because the full operational impact does not
occur before 1987.)

OAG1987 x MigOPPAG = OAGJM1987

(256 x 0.498 = 127)

0001987 x MigOPPBG = OBGJM1987

(140 x 0.498 = 70)

OST1987 x MigOPPOST = OSTJM1987

(44 x 0.498 = 22)

OAGJM1987 + OBGJM1987 + OCNJM1987 = OJM1987

(127 + 70 + 22 = 219)

OJM1987 =MOWH1987

(219 = 219)

MOWH1987 x AVHSZ1987 =MOP1987

(219 x 2.71 = 594 600)

where

OAG1987 = the total number of WIPP-associated aboveground-operation jobs
in 1987.

0001987 = the total number'of· WIPP::'assoclated belowground-operation jobs
in 1987.' . '..

OST1987 = the total number ·of WIPP-assodiated disposal-operation jobs in
1987.
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MigOPPAG' = the proportion of total aboveground-operation jobs expected
to be filled by newcomers to the area. The factor 0.498 Was
determined' from occupation and skill-level data supplied by
Sandia National Laboratories, a review of available 6ccupa~

tions and skills in the two-county area, and -information
supplied by the Westinghouse Electric Corporation. -

MigOPPBG = the proportion of total belowground-operation jobs to be
filled by newcomers to the area. The factor 0.498 is the same
factor that was used in the general projections for above­
ground operation.

MigOPPOST = the proportion of total disposal-operation jobs to be filled
by newcomers to the area. The factor 0.498 is the same as the
factor used for other operation jobs.

JM1987 = the number of total operational jobs expected to be filled by
newcomers to the area; OAGJM = aboveground-operationJM, OBGJM
= belowground-operation JM, OSTJM = remote handling and
security JM, OJM = total.

MOWH1987 = the number of newcomer operational-worker households in 1987.

AVHSZ1987 = the average size of household for the in-migrating opera­
tional workers.

MOP1987 = the population in-migrating directly to take operational jobs
at the WIPP.

Again, sources of information for the formulas above are extremely
important. The direct operational employment is determined from information
supplied by Westinghouse. The proportion of operational jobs to be filled by
newcomers to the area is determined to be 0.498. Literature searches indicate
no directly applicable research projects that would give the average number of
operational jobs filled by newcomers to the area. In order to determine this
factor, NMESD job-application records, currently available occ~pational skill
levels, and the occupations and skill levels needed for the operation phase
were reviewed. In addition, information on the activities 'of operating con­
tractors was obtained from the Westinghouse Electric Corporation.

Data on the average sizes of newcomer households were drawn directly from
Bureau of the Census publications on projected household sizes and family
sizes. The figures used within the calculations represent Series I population
figures and Series D household sizes. These are the high-range household
sizes of the 12 projections listed by the Bureau of the Census in Current
Population Reports, Series P-25, No~ 805, May 1979.

The last quantity needed to determine the overall population impact is the
number of people taking jobs generated indirectly by the construction and
operation of the WIPP. These population changes are computed much like the
preceding calculations, with one major exception. Construction workers and
operational workers who have moved into the area bring with them other house­
hold members. Some of these household members take up employment in other
areas of the economy. These people must be accounted for in determining the
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overall in-migration of people to the area. Thus, the following formulas
differ somewhat from the preceding calculations:

",

IDE1981 x MigID = IDJM1981

(435 x 0.50 = 218)

IDJM1981 - ADCE1981 - ADOE1981 = Net IDJM1981

(218 - 26 - 8 = 184)

Net IDJM1981 x HWF = MIDWH1981

(184 x 0.769 = 141)

MIDWH1981 x AVHSZ1981 = MIDP1981

(141 x 2.75 = 388)

where

IDE1981

MigID

Net IDJM1981

, HWF

MIDWH1981

AVHSZ1981

= the number of new indirect jobs (private and government)
supported by the construction or operation of the WIPP
(example year is 1981).

= the proportion of indirect jobs to be filled by newcomers
to the area (0.50).

= the number of indirect jobs in 1981 to be filled by
newcomers to the area.

= the expected number 6f indirect jobs in 1981 filled by
members of households moving into the area to take new
construction jobs (0.195 x MCWH).

= the number of indirect jobs filled by members of households
moving into the area in 1981 to take new management-and­
design jobs (0.30 x MOWH).

= the net number of jobs in 1981 to be filled by newcomers
moving into the area 'to take jobs created indirectly by the
construction or' operation' of the WIPP.

= the factor that accounts for more than -one worker per
household in in-migrating households (0.769).

'. . . )

= the number 6f newcomerhouseho1dsatt~actedto the area in
1981 pr imar ily by jobs indirectly created by the
constr~ctio~ or operation otthe WIPP~

. ', .. '.. ..."

= the average househoid size in 1981 of persons moving into
the area for jobs lndireet1ycreated by thi construction or
operation of the WIPP.



MIDP1981 = the population moving into the area in 1981 for jobs
indirectly created by the construction or operation of
the WIPP.

From the above formulas, it is apparent that several new characteristics
have entered the calculations of population impacts. The quantity IDE is
determined from calculations explained in the employment section of this
appendix. It is a direct result of the input-output modeling process. The
quantity MigID is a subjective number based on an evaluation of the area in
terms of labor availability and the skill levels needed for indirect new
jobs. In this case, the factor is 0.5, which indicates that half of the new
jobs created in indirectly affected sectors will be filled by newcomers to the
area.

As workers move into the area to work in construction or operation, they
bring with them households that contain members who also become part of the
labor force and are available to fill newly created positions in the area
under impact. The quantity ADCE accounts for these additional workers brought
by construction-worker households. The OWRC Construction Worker Profile
indicates that between 19 and 29 additional workers for each 100 newcomer
construction-worker households will take jobs in indirectly affected sectors.
In this study, a factor of 0.195 was used to determine the number of addi­
tional workers in each household in-migrating directly for construction work.

The term ADCE accounts for the number of new workers brought by households
in-migrating directly for operation jobs. The Construction Worker Profile
indicates that this number is substantially larger than the factor for the
construction-worker households. Between 30 and 31 additional workers will be
brought in for each 100 households moving in to take direct operation jobs.
A factor of 30% was used in this appendix to account for those additional
workers. It is also apparent that the households moving in to work in sectors
indirectly affected by construction and operation may contain more than one
worker per household. Again, this number is approximately 30 to 31 additional
workers for 100 new households. Thus, for 100 households, just about 130
workers would be available for positions in indirectly affected sectors. In
order to account for these multiple-worker households, a factor of 1/1.3 =
0.769 was used to decrease the number of needed households moving into the
area.

Finally, the actual size of the households moving into the area was calcu­
lated from Bureau of the Census data on projected household and family sizes
(specifically PopUlation Series I and Household Series C).

The final step in determining the population impact of WIPP constr uction
and operation is to add the three quantities that determine population change:
the change caused directly by construction, the change caused directly by
operation, and the change caused indirectly by construction and operation.

Because the economy may be somewhat slow to react to new jobs, population
changes are assumed to lag in the indirectly affected sectors. In order to
account for this lag in the model, it is assumed that only half the expected
in-migration will occur within the first year of impact. The remaining indi-
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vidualsare assumed to in-migrate during the next year. This assumption
allows for a 6-month to I-year lag in the spinoff effects of construction and

~operation.

It should be noted that the assumption allowing for a 6-month to I-year
lag in filling indirect jobs with newcomers does not necessar lly affect the
time at which the impact on the economy is calculated to occur. The impact on
the economy is incurred when local purchases or payments to direct labor are
made: therefore, the support for the jobs to be filled by the newcomers occurs
before the jobs are actually filled. This means, for example, that persons
who receive income from the construction of the WIPP do not wait to· spend
their income until popUlation-serving businesses increase their employment.
For the economic entities that are indirectly affected by WIPP construction
and operation, there will be a period of time in which new economic activity
creates support for new jobs, but those jobs have not yet been filled. This
means that the productivity of employees will have to increase above the aver­
age until employers recognize the need for new employees and hire them. There­
fore, there is no discrepancy between calculating the impact of the WIPP and
assuming that the economy does not instantaneously react in terms of new em­
ployees in sectors that are indirectly affected.

The total in-migrating population for a given year is determined by adding
the popUlation attracted by construction, the population attracted by opera­
tion, and the population attracted by new activity in indirectly affected
economic sectors. The formula that is used is as follows:

MCP198l + MOP198l + 0.5 MIDP198 1 + 0.5 MIDP198l-l =MP198l

(303 + 72 + 194 + 39 =608 ~ 600)
where

MCP198 1 = population in-migrating directly for construction jobs.

MOP1981 = population in-migrating directly for management-and-design
(or operational) jobs.

MIDP1981 = population in-migrating for jobs supported indirectly by
construction and operation.

MP198 1 = total in-migrating popUlation for 1981 (= 608 O! 600.).

MIDP198l-l = population in-migrating for jobs supported indirectly by
construction and management and design (or operational) jobs
in 1980.

A final word of caution~is needed. The sample calculations for 1981 above
are for impacts during the second year of construction. The annual number of
people moving into the area in following years is not necessarily the same.
Calculations must also be made for·each succeeding year.
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As the construction phase of the WIPP ends and the full operational phase
begins (1987), the job situation will change drastically. From the end of
1984 through 1986 a transitional period between construction and ope~ation ~

will cause significant changes in the population. These population changes-- ~

that is, negative changes, or outflows--are computed like the preceding
example. 'However, other studies, such as the Construction .Worker Profile,
indicate that individuals do not leave immediately. This lag has been taken,
into acc9unt in determining the impacts occurring during the transitional
phase of the project. The final results of all of the calculations appear in
Table L~14.

The population-impact predictions have been made for two different
popUlation-distribution scenarios. The first scenario assumes that 99% of the
direct impact and 90% of the indirect impact will go to Eddy County, with only
1% of the direct impact and 10% of the indirect impact going to Lea County.
The second scenario assumes that 42% of the combined impact will occur in Lea
County and 58% of the combined impact will occur in Eddy County.

The two different scenarios resulted from interviews with six large
potash-mining operations in the area. Carlsbad is the center of potash-mining
activity, and more than 95% of the present potash miners live in Eddy County.
However, one company recruits mainly in the Hobbs area, and as a result 42% of
its employees live in Lea County.

The construction and operation of the WIPP will be similar to a com­
bination of construction, mining, and warehousing operations and hence similar
to the potash-mining activities in the area. Thus, the first scenario assumes
that the major impact will be felt in Eddy County, including about 88% in
Carlsbad. It was assumed that the contractors would recruit employees from
the Carlsbad area for WIPP construction and operation.

Subsequent discussions suggested the possibility that the construction and
operation contractors might recruit from the Hobbs area, with the major impact
being felt in Lea County and the City of Hobbs. To account for this possibil­
ity, a second scenario was developed, as outlined above.

It should also be noted that population predictions for the cities listed
include only the popUlation within the incorporated limits and do not include
the fringe areas. In Hobbs and Carlsbad, these fringe areas contain from 3000
to 5000 additional people.
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Table L-14. Baseline Population Estimates and Projections (without WIPP Project)

c> Carlsbad Loving Hobbs
" Eddy School School Lea School

Year 'County Carlsbad District Loving District County Hobbs District

1970 '41,119 21,297 25,961 1,192 1,350 49,554 26,025 29,858
1975 ~2,900" N/A N/A N/A N/A 51,600 N/A N/A
1976 '45,300' 25,500 29,300 N/A N/A 53,100 29,600 33,400
1977 .46,20,0 '26,600 30,400 1,488 '1,650 55,100 30,550 34,500
197.8 .,47,3eOp' ,27,900 31,600 1,550 1,700 56,300 31~650 35,650
1979 48~,200 28,600 32,400 1,600 1,750 57,500 32,600 36,650
1980 49,300 ,'29,500 33,300 1,650 1,800 58,700 33,450 37,550,,. 1981 . 50,200' 30,200 34,100 1,650 1,800 pO,OOO 3.4,400 38,550

~
~982 51,600 31,300 35,300 1,700 1,850 61,200 35,250 39,450\Q

1983 c52,000, 31,600 35,700 1,700 1,850 62,500 36,:200 40,450
1984 52,900 32,300 36,400 1,750 1,900 63,800 37,150 41,450
1985 53,800 32,800 37,000 1,800 1,950 65,200 38,150 42,500
19~6 55,100 33,600 37,900 1,800 1,950 66,500 38,900 43,350
1987 56,40Q 34,400 38,800 1,850 2,000 67,700 39,600 44,150
19~8 5?,800 35,300 39,800 1,900 2,050 68,800 40,250 44,850
1989 59,200 36,100 40,700 1,950 2,100 69,900 40,900 45,600
1990 60,600 37,000 41,700 2,000 2,150 70,900 41,500 46,250
1995 64~300 39,200 44,200 2,100 2,250 75,100 43,950 49,000
2000 68,'30Q-- 41,700 47,000 2,250 2,450 79,000 46,200 51,500

.~, Source: 1970 data from 1970 Census of Population. All other data collected for this report by
Larry Adcock and Associates, 1979.

N/A = Not available.



L.5 PERSONAL INCOME

L.5.l General

The change in total annual personal income in the two-county area is de­
termined from the direct wages paid during the construction and operation of
the WIPP, allowing for a certain amount of fringe benefits. The indirect
total personal income generated is computed by determining what proportion of
labor costs will enter the total personal-income stream from the total number
of dollars allocated to labor costs.

In addition to wages, dividends, interest, and rents account for a portion
of the total personal income. That portion has been estimated framunpub­
lished regional data for the two-county area provided by the Bureau of Eco­
nomic Analysis to the Bureau of Business and Economic Research at the univer­
sityCof New Mexico (Tables L-15 and L-16).

From Tables L-15 and L-16 it is apparent thatthe·total labor and proprie­
tors' income in 1977 (the latest year available) amounted to some $S26.3 mil­
lion in the two-county area. Interest, dividends, and rents accounted for
$72.3 million (13.7%) in additional income. Further calculations indicate a
variation of approximately 4% from this figure, depending on which year of the
last few years is examined. The actual figure used for this study was 14%.

The other major factor considered in calculating the total annual personal
income is transfer payments. As shown by the data from the Bureau of Economic
Analysis, the flow of transfer payments to the area is positive. However,
during the construction of the WIPP, the impact of transfer payments on the
total-personal-income stream is assumed to be negative because more.Social
Security payments will flow out than flow in from these jobs created and sup­
ported by the construction phase. During the operational phase, however, the
impact of transfer payments on the total-personal-income stream may 'be either
negative or positive. In the early years of operation it should be positive:
however, as individuals retire -from jobs or positions created by the operation
of the WIPP, the transfer payments will return. Therefore, it is assumed that
transfer payments are neutral during the operation of the WIPP.

_L.5.2 Explanation and Values

Table L-17summarizes some of the information presented in this section.
Details appear in the text below.

During the construction period (mid-198~ through mid-1984) and for the
period before full operation (mid-1984 through 1986), it is expected that a
total of just over $93 million will flow directly into wages and salaries from

'. the construction of the plant and associated management-and~designemploy­
ment. In addition, there will be almost $46 million in wages and salaries in
businesses indirectly affected by construction.

Personal income from interest, dividends, and rent is expected to total an
estimated $20 million during the 6.S-year period. A total of about $140.5
million is expected to be derived both directly and indirectly in the private
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(:
Table L-1S. Personal Income in Eddy County by Major Source, 1972-1977

(thousands of dollars)

Item 1972a 1973a 1974a 1975b 1976b 1977b

'1'O'1'AL LABOR AND PROPRIETORS' INCOME BY PLACE OF WQRKc

By type
Wage and salary disbursements 85,032 91,736 103,723 132,147 148,472 168,934
Other labor income 6,294 7,229 8,999 12,082 14,360 17 ,385
Proprietors' incomed 16,270 19,194 21,864 18,827 23,839 26,427

Farm 5,258 9,482 7,227 5,701 6,883 6,752
NonfaruP 11,012 9,712 14,637 13,126 16,956 19,675

By industry
Farm 6,975 11,392 9,041 7,732 9,103 9,121
Natfarm 100,621 106,769 125,545 155,324 177,568 203,625

Private 86,225 91,476 109,280 136,552 155,724 179,886
Agricultural services, forestry, fish-

,ing, and othere 426 425 486 553 524 587
Mining' 33,166 32,344 41,966 50,315 57,698 68,140
COnstruCtion 5,744 6,771 7,631 13,926 15,736 17,159
Manufacturing 5,844 6,655 8,430 11,765 14,964 16,879

Nondurable goods 4,459 5,041 6,547 9,705 11,425 13,012
Durable goOds 1,385 1,614 1,883 2,060 3,539 3,867

Transportation and public utilities 7,355 8,860 9,812 11,336 13,607 16,054
Wholesale trade 3,522 4,012 4,959 7,656 7,136 8,330
Reta'n trade, 12,370 13,227 15,300 16,666 18,613 21,368

'\ ,Finance, ~ns~rance, and real estate 3,295 3,397 3,616 4,274 5,316 6,156
Ser:vices 14,503 15,785 17,080 20,061 22,130 25,213

VI Government and government enterpr ises 14,396 15,293 16,265 18,772 21,844 23,739
~

Federal, civilian 2,447 2,583 2,794 3,162 3,803 4,009
Federa~, military 478 526 531 540 579 592
State and lOcal 11,471 12,184 12,940 15,070 17,462 19,138

DERIVATION OF PERSONAL INCOME BY PLACE OF RESIDENCE

Total 1a1:!Or'~nd proPr ietors' income by place of
,work 107,596 118,161 134,586 163,056 186,671 212,746
Less: perSonal con~ibutions for social in-

surance bY place of'work 5,085 6,102 7,194 8,948 10,027 11,338
Net labor and proprietors' income by place of

work 102,511 112,059 127,392 154,108 176,644 201,408
Plus: residence adjustment 201 218 425 -62 -208 -192

Net labor and proprietors' income by place of
residence' 102,712 112,277 127,817 154,046 176,436 201,216
Plus: 'dividends; 'interest, and rentsf 20,098 22,278 26,687 31,728 34,838 39,023
Plus:, '. transfer . payments 18,529 21,646 25,236 29,529 33,919 36,536

Personal income by place of residence 141,339 156,201 179,740 215,303 245,193 276,775
Per capita personal· income (dollars) 3,442 3,781 4,332 5,018 5,415 6,089
Total population (thousands) 41.1 41.3 41.5 42.9 45.3 45.5

Source: Regional Economics Information System, Bureau of Economic· Analysis.

aEstimates based on 1967 SIC.
~stimates based on 1972 SIC.
CCOnsists of wage and salary disbursements, other labor income, and proprietors' income.

Pr imary source for private nonfarm wages: ES-202 covered wages, New Mexico Employment Secur ity. COllllllission.
dlncludes 'the capital consumption adjustment for nonfarm proprietors.
elncludes wage and salaries of U.S. residents working for international organizations.
flncludes the capital consumption adjustment for rental income of persons.



'Table L-16.

Item

Personal Income in Lea County by Major Source, 1972-1977
(thousands of dollars)

TOTAL lABOR lIND 'PROPRIETORS' INCOME BY PIACE' OF WORKc

1
U1
to.)

By type ,
Wage and salary disbursements
Other labor income
proprietors' incomed

Farm
Nonfarmd

By industry
Farm
Nonfarm

Private
Agricultural services, forestry, fish-

ing, and othere
Mining
Construction
Manufacturing

Nondurable goods
Durable goods

Transportation and public utilities
Wholesale trade
Retail trade
Finance, insurance, and real estate
Services

Government and government enterprises
Federal, civilian
Federal, military
State and local

121,107
10,982
21,399
7,993

13,406

9,579
143,909
127,968

635
42,573
8,287
7,545
5,172
2,373

22,591
9,162

15,846
4,838

16,491
15,941
1,294

494
14,153

133,089
12,343
24,521
13,766
10,755

15,673
154,280
137,470

694
46,162
8,498
8,284
6,127
2,157

23,952
9,972

16,810
5,296

17,802
16,810
1,428

534
14,848

163,925
16,397
37,549
13,746
23,803

15,689
202,182
184,385

(D)

74,419
13,051
10,021
7,775
2,246

27,343
12,329
18,842

(D)
22,090
17,797

1,575
537

15,685

190,'942
20,650
31,241
12,818
18,423

14,991
227,842
207,165

(D)
79,026
14,417
12,609

9,562
3,047

32,506
15,502
21,100

(D)
24,728
20,677
1,827

564
18,286

2()7 ,111
23,585
42,417
12,430
29,987

14,805
258,308
234,457

692
93,976
14,724
13,070
11,329
2,741

36,330
17,6,42
23,541
8,173

25,309
23,851
2,043

599
21,209

236,570
28,379
48,604
13,779
34,825

16,312
297,241
271,081

804
112,645
16,645
16,539
13,229

3,310
39,662
20,483
26,650
9,812

27 ;841
26,160

2,258
643

23,259

,DERIVATION OF PERSONAL INCOME BY PIACE OF RESIDENCE

Total labor and proprietors' income by place of work
Less: personal contributions for social insurance by

Place of work
Net labor and proprietors' income by place of work

Plus: residence adjustment
Net labor and proprietors' income by place of residence

Plus: dividends, interest, and rentf
Plus: transfer payments

Personal income by place of residence
Per-capita personal income (dollars)
Total popUlation (thousands)

153,488

7,050
146,438

807
147,245
18,505
15,440

181,190
3,643

49.7

169,953

8,651
161,302

-114
161,188

19,678
18,055

198,921
4,028

49.4

217,871

11,376
206,495
-1,689

204,806
23,907
20,878

249,591
5,014

49.8

242,833

12,850
229,983

-986
228,997

28,132
25,018

282,147
5,464

51.6

273,113

14,226
258,887

-924
257,963

29,909
28,468

316,340
5,954

53.1

313,553

16,146
297,407

-896
296,511

33,269
30',674

360,454
6,811

52.9

Source: Regional Economics Information System, Bureau of Economic Analysis.

aEstimates based on 1967 SIC.
bEsimates based on 1972 SIC.
cConsists of wage and salary disbursements, other labor income, and proprietors' income. primary source for private

Nonfarm wages: ES-202 Covered Wages, New Mexico Employment SecUrity Commission.
dInc1udes the capital consumption adjustment for nonfarm proprietors.
eInc1udes wage and salaries of u.S. residents working for international organizations. Includes the capital

consumption adjustment for rental income of persons.
fNot shown to avoid disclosure of confidential infomation, data are included in totals.



Table L-17. Personal Income From The WIPP
(Millions of 1979 Dollars)

Constructiona Total before Operation
Income type 1980 1981 1982 1983 1984 1985 1986 full each year--

operation 1987 and after

Direct wages and salaries 2.2 9.3 28.1 27.8 8.4 7.3 10.1 93.2 11.9

Indirect wages and salaries 1.0 4.9 13.7 13.0 4.2 3.7 5.2 45.7 5.5

Interest, dividends, and· rents 0.5 2.1 6.1 6.0 1.9 1.6 2.2 20.4 2.5

1 Total private-sector inc6me 3.7 16.3 47.9 46.8 14 .5 12.6 17.5 159.3 19.9
U1
w

Public-sector income· 0.1 0.6 1.8 1.8 0.6 0.5 0.7 6.1 0.8

Net transfer payments (0.2) (0.9) (2.6) (2.6) (0.8) (0.3) (0.5) (7.9) (b)

Net personal income 3.6 16.0 47.1 46.0 14.3 12.7 17.8 157.5 20.7

SOURCE: Larry Adcock and Assoc iates, 1979.

aThe figures for the construction period 1980 through 1986 include management and design activity.

bTransf~r payments during the operational phase are assumed to be neutral over time.



sector. In the public sector, about $6 million in personal income will come
from the increased activity in the area from additional State and local gov­
ernment and the indirect Federal-agency employment required for support.
Thus, the total personal income added to the area during the construction
phase of the WIPP project is expected to be $165 million from the beginning'of
construction until full operation at the beginning of 1987. However, net loss
from transfer payments (generally Social Security payments) will decrease this
total to just less than $158 million.

The personal income to be derived from the operation of the WIPP project
will be significantly different from that derived in the construction phase.
The amount of money flowing directly into the local economy during a norma!
year of operation will be approximately $16.9 million. Although this amount
may vary with expenditure patterns in the operation of the plant, this appen­
dix uses a constant figure of $16.9 million. This figure is significantly
different from the total direct expenditures of $40 to 42 million annually
dUring the peak years of the construction period.

The estimated $16.9 million annual flow directly associated with the opera­
tion of the plant with loqal procurement and labor will mean that (1) approxi­
mately $11.9 million will be realized in personal income by persons connected
directly with the plantJ (2) wages and salaries derived from indireCtly af­
fected businesses in the area will amount to almost $5.5 millionJ (3) govern­
ment expenditures required by additional activity and flowing into personal
income will total about $0.8 million per year; (4) new dividends, interest, and
rents will create approximately $2.5 million in personal incomeJ and (5) during
the first years of operation, net transfer payments will be 'negative, but later
they will have a net positive effect. Because of this balancing effect, trans­
fer payments for an average year have been considered neutral. The net result,
therefore, will be an annual increase in total personal income of approximately
$20.7 million.

L.6 HOUSING, LAND USE, AND COMMUNITY SERVICES

L.6.l Housing and Land Use

The demand for new housing depends on popUlation and household size. The
housing-demand projectio~s developed for the impact analysis prepared in
conjunction with this appendix are based on popUlation projections discussed
previously and household~size projections derived from several sources.

Household size for the baseline popUlation is based on household-size
projections in Bureau of the Census Publication P-25, No. 607, adjusted to 1970
household size in .the, impact area (derived from the 1970 Census of Housing).
Thus, if the 1970 .household size in the impact area is above the U.S. average
in that year, the projected househpld size in the impact area will be adjusted
upward from the projected U.S. average.

Household sizes for WIPP-induced population changes come from two basic
sources. For co~struction workers and their families, household size is based
on information in the Construction Worker Profile (Old West Regional Commis~

sion, washington, D.C., 1975). For operation employees and for persons migrat-
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ing for indirectly created jobs, household size depends on the likely place of
origin of the individuals moving ,into the area. If there is no obvious or
logical single place of origin, then the U.S. average household size (from
Bureau of Census Publication P-25, No. 607) will be used. If it appears that
most of the individuals will be likely to corne from elsewhere in New Mexico,
then U.S. household-size projections will be adjusted to account for past
State differences from the U.S. average.

Once household sizes have been projected, the demand for housing units is
determined by dividing the household size into the appropriate population
component. For baseline population changes, the population component is
essentially the entire popUlation, with a small adjustment for the portion of
the population not living in housing units. This latter group is generally a
small fraction of the total popUlation, comprised primarily of people living
in nursing homes. The population components for project-related populations
are derived by methods discussed earlier in this appendix.

The demand for occupied housing units provides the base for a second set
of calculations that show the housing stock necessary to maintain a 3% vacancy
rate. This is found simply by dividing the demand for occupied units by 0.97.

The amount of construction activity needed to meet the demand for housing
at a 3% vacancy rate is then calculated. It is based on the present assess­
ment of housing and vacancy-rate figures and projected housing requirements.

Finally, housing requirements are allocated to housing types (single
family, multifamily, and mobile horne) based on information i~ the Construction
Worker Profile. Table L-18 shows the housing-type demands of three classes of
population: newcomer construction workers, other newcomers, and long-time
residents. Baseline populations are assumed to have the same housing-type
demands as the long-time residents, while the/preferences of newcomer con­
struction workers are used to allocate housing types for construction new­
comers attracted by the project. The in-migrants attracted by indirectly
created jobs are assumed to have the same preferences as the other newcomers.

Table L-18. Housing-Type Demand

Type of unit

Single family
Mul tifamily
Mobile horne and other

Totalsa

Newcomer
construction

, workers

34
11
56

101,

Other
newcomers

55
17
27

99

Long-time
residents

81
5

14

100

Source: Old West Regional,. Commission, Construction Worker Profile,
Washington, D.C.; 1975, p. 103.

aTotals do not add to 100 because of rounding.
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Methods used to calculate land requirements for projected population in­
creases depend on the relative scale of population changes, both under base­
line and impact conditions. For small relative changes in population (and
therefore. small changes in housing demand) the principal demand for land is
for housing units and roads. In this case, land-use requirements are calcu-:-"
lated oq the basis of a relatively generous average lot size (e.g., one-quarter
acre) per housing unit. The assumption is that relatively small increases in
population will not require proportional increases in all municipal land-use
categories. For example, a 5% population increase should not require a 5%
increase in, land requirements associated with such public facilities as city
hall, police stations, and fire stations. In essence, it is assumed that
there is some excess capacity in the land associated vdth such facilities.

For larger relative population increases, the basic assumption is that land
requirements for virtually all types of land use will grow in proportion to the
housing stock. In this situation, the total land occupied in the municipality
is divided by the amount of housing to obtain the land required for each unit
of housing.

Finally, .it should be noted that for different purposes either of the
methodp above may be appropriate in determining land-use requirements. For
example, the baseline population growth may be substantial, calling!for the
use of a large land-use figure for each housing unit, while the marginal
change associated with the impact population is small, thus requiring only a
small land-use figure. Conversely, there are instances in which baseline
growth is expected to be small while the project impact is expected to be
large, which indicates that a small baseline land-use figure and a large
impact figure are appropriate.

L.6.2 Community Services and Facilities

'Population increases in a community usually generate two types of impact
on community services and facilities. First, in most cases there will be an
increase in the demand for services, more or less in proportion to population
or housing'increases. For example, more people will require more water, gen­
erate more sewage, and need more medical assistance. As a result of the in­
creased demand, personnel r~uirements and operating expenses will generally
rise. (Fora discuss~on of operating expenses, see Section L.7, Fiscal-Impact
Analysis. )

The second type of impact is an overloading of some part of the system
that has a fixed capacity. Generally, fixed capacity implies some type of
capital facility, such as a school or a sewage-treatment plant, but it also
includes water rights.

The an~lysis of impacts on community services and facilities therefore
reqUires' two basic steps. First, changes ~n the demand for variable parts of
the syst~m (e.g., personnel, cubic feet of natural gas) must be projected.
Then, projected' increases in demand must be compared with the existing capac­
ity of those parts of the system that are not readily varied in small incre­
ments. In other words, an important part of the analysis is to determine



whether one of the impacts of a proposed action is to require the construction
of, for example, a new sewage-treatment plant.

~ TwO basic methods are used to project the demand for services: the per-
capita multiplier and the per-household multiplier (or its equivalent, the
multiplier for each occupied housing unit). (For a discussion of the appro­
priate application and the advantages and disadvantages of these methods, see
R. Burchell et al., The Fiscal Impact Handbook, Center for Urban Policy Re­
search, New Brunswick, New Jersey, 1978.) Generally, the per-household multi­
plier is used to project demands fo~ natural-gas, electricity, and telephone
service, while the per-capita method is used to proj~t the demands for water,
sewage treatment, solid-waste disposal, fire and police protection, and medical
services. with slight modifications, the per-capita multiplier is used to
project traffic flows as well.

The multipliers used in each approach are based on recent actual per-capita
or per-household figures in the impact area, with adjustments made where ap­
propriate. ;Adjustments are made when national, regional, or local data indi­
cate that recent per-capita or per-household levels may not remain unchanged
over time. For example, in projecting water demand for New Mexico communi­
ties, per-capita use rates are changed over time in the same proportianas the
changes projected by the New Mexico State Engineer in the "County Profile"
series (New Mexico Interstate Stream Commission and New Mexico State Engineer
Office, County Profile (various counties), Santa Fe, New Mexico, 1975).

Adjustments are also made if very recent changes in some key factor have
caused historical per-capita or per-household use rates to be unreliable for
future projections. For example, if a water-price increase has occurred in
the past year, resulting in less than a full year's data at the new rate,
per-capita use rates will be adjusted on the basis of water-demand price elas­
ticity estimates. (For a discussion of water-demand price elasticity esti­
mates, see G. Bonem et al., Water Demand and Supply in the Albuquerque Greater
Urban Area, Bureau of Business, and Economic Research, University of New
Mexico, December 1977.)

Once, demand for a service has been projected, it is compared with the
service capacity of the fixed components of the system. This is generally a
straightforward numerical comparison (e.g., acre-feet per year of water demand
versus annual water rights). The areas in which demand exceeds existing ca­
pacity are identified, and the implications of the excess 'demand are noted.

"

For several reasons, the level of detail varies ,considerably in the anal-
ysis of each community-service category. First, an investigation of the
existing service capacity may show that there 'is considerable .excess capacity,
more than needed to accommod~te any potential change :in demand,from baseline
or impact population changes. Asimil~r situation exists when the impact area
is small in relation to the service area, as often 'happens with natural-gas,
electricity, and telephone s~rvice. Inthi's ;case.,: even relatively large base­
line or impact popUlation changes in the impact area have little effect on the
overall service area. In both situations (s~gnificant ,excess capacity and
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small impact area in relation to the service area) a detailed analysis is
generally unwarranted.

At the other extreme, sometimes a proposed action may exert a large re­
lative i~act on the demand for a service. In this instance, every effort is
made to determine in detail the extent of the impact. This often involves
extensive interviews with the manager or other personnel of the agency or
company,providing the service.

Finally, baseline projections often use less-sophisticated techniques
(e.g., unadjusted per-capita multipliers) than do impact projections. This is
because baseline projections generally are intended to provide a background
against which impacts are evaluated, and not to be a precise projection of
service-level demands under baseline conditions. The key factor in the anal­
ysis of baseline projections is the effect on system capacity. If a new
sewage-treatment plant or school is required under baseline conditions during'
the period under analysis, then the capital cost of the facility is not as­
signed to the proposed action whose impact is being'studied. On the other
hand, if capital facilities or water rights are adequate under baseline con­
ditions but inadequate under impact conditions, the burden of reduced service
levels or increased capital costs rests on the proposed action. A more de­
tailed discussion of the treatment of costs is presented in Section L.7.

L.7 FISCAL-IMPACT ANALYSIS

L.7.l Revenues

Projection techniques for county and municipal revenues are essentially
the same. The first step is to collect data on past revenue levels. For New
Mexico counties the source is generally the Department of Finance and Admin­
istration, New Mexico County Governments, Annual Report. For New Mexico
municipalities the sou~ce is the equivalent annual report series, New Mexico
Municipal Governments. During the period that follows the end of the fiscal
year but precedes the publication of the annual reports, county and municipal
governments are contacted to obtain reports for the most recent fiscal year.

Once data covering several years have been collected, a preliminary anal­
ysis is made. This involves putting each major revenue category (fund) in
constant dollars, using the Gross National Product Price Index as a deflator,
and examining the record for pronounced trends or major changes. If such
trends or changes are found, they are considered in making projections. How­
ever, trends generally are graduai and are usually ignored. Major changes
usually :result from increases in revenues that are not expected to continue
each year. These are generally revenues from bond sales or from srecial gov- .
ernment transfers (e.g., drought relief). Such changes are noted "ind con­
sideredin subsequent stages of the projection process, as described below.

After the preliminary examination of the budget is completed, the revenues
for the most recent fiscal year are separated into the categories shown in
Table L-l9. These categories present a clear picture of the type and source
of revenues, a picture that is not evident when revenues are classified by
fund, as they generally are in municipal or county budgets.
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Table L-19. Revenue Categories and Projection Methods
Used for New Mexico Municipalities and Countiesa

Revenue Type

OWN-SOURCE REVENUE

Municipal County

Taxes
Property
Franchise (M)
Occupation (M)
Oil and gas
Lodgers
Gross z::ece ipts

Charges and miscellaneous
Licenses, permits, and fees
Charges for services
Fines and forfeits
Utilities (M)
Interest on investments
Payments in lieu of taxes
Miscellaneous

INTERGOVERNMENTAL TRANSFERS

PH PH
PC
PC
NC/T NC/T
PC PC
PC PC

PC PH
PC PC
PC PC
PH
PC PC
PC PC
PC PC

State
Gasoline taxes
Auto-license distribution (M)
Cigarette taxes
Gross rece ipts taxes (M)
Motor vehicle (C)
Fire allotment
Grants
Miscellaneous (C)

Federal
Revenue sharing and grants
Miscellaneous (e)

Local (M)

Otherb

Source: Adcock and Associates, 1979.

PC
PC
PC
PC

PC
PC

PC

PC

PC

PC

PC

PC
PC
PC
PC

PC
PC

PC

" ~. • <

aKey: C, county revenue item .only~~ M, municipal reyenue· item only~.PH,

projection on per-housing-unit basis~ PC, projection on per-capita basis~ NC,
no change projected. _

bIncluded in "other" pre revenues not ~learlY'assignable to specific
sources.
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Once revenues have been allocated to the proper categories, projections
are made•. The revenue-projection method is based on modifications of methods
suggested in The· Fiscal Impact Handbook. For baseline projections, most
revenue items are projected on a per-capita basis. A smaller group are
projected per housing unit, and occasionally a revenue item is projected to
show no chatlqe.

For .most revenue items the most recent actual annual per-capita or per­
housing~unit level is taken as the most reliable guide to future levels.
Although budgeted levels for the coming fiscal year are checked for major
changes trom past amounts, budgets are felt to be an unreliable basis for
projections. For one thing, they are themselves projections, and their
accuracy depends on the skill of the municipal or county officials making
them. There is also a tendency for budgets to include a rather large "other"
category with unspecified components. Finally, comparisons of past budgeted
revenues with actual revenues show a rather large discrepancy between budgeted
and actual amounts.

In choosing the most recent actual revenue levels as the guide to the
future, several assumptions are made. First, it is assumed that tax rates
will not change. While this is probably not a reliable assumption, the al­
ternative is to project the behavior of elected officials, many of whom have
not yet been elected, since it is these officeholders who set tax rates. The
"no change" assumption seems the more conservative of the two alternatives.

A similar set of assumptions (that is, no change) applies to the level of
charges for services, such as utility rates, and distribution formulas for
State and Federal transfers. Again, it is not felt that these items will
never change, but that predicting the direction and timing of such changes is
less reliable than assuming no change.

In essence, the use of the most recent actual revenue level combined with
the per-capita or per-housing-unit projection method indicates what revenue
levels would be if current conditions continued into the future.

There are some exceptions to the use of the per-capita or per-housing-unit
projection method. Some revenue sources are clearly independent of local pop­
ulation or household levels, because of the nature of the tax base or because
of the distribution formula. For example, in some counties in New Mexico, oil
and gas production (severance) taxes are an important revenue source. These
taxes are based on the level of oil and gas production in these counties, a
tax base that is not influenced by population or the housing stock.

Four alternatives are available for the projection of such a revenue
source. First, an independent projection of the tax base may be used. How­
ever, such projections are frequently unavailable. A second possibility is to
generate a projection of the base, a process that is usually too time-consuming
(and expensive) for an impact analysis. The third approach is to rely on re- '
cent trends in the base--or in the tax revenue itself. This is often the best
alternative, given the limits of time and budget, but there are situations in
which it is not appropriate. For example, in the case of the oil and gas
production taxes mentioned above, the recent history of the industry shows
gr~at fluctuations in this source of revenue in some counties. As a result,
no statistically reliable recent trend can be isolated. This makes it neces- ~

sary to use the fourth method, which is to assume no change in the total (as ~
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opposed to per-capita) level of this source of revenu~. while,' t.his is the
most conservative assumption under the circum'!?ta~ce!?,; 'it ,le;ids to problems
when projected revenues are compared with projected~xpenditures. More will

~_be said about this problem after expenditure-projection methods ate discussed
below.

, ... i·~'.>: :.L·: . ~:<. -~:i'~" -"".
There are also exceptions to the use of the Iilostrecent actual revenue

level for projections, even when per-capita orper-housing~unitprojections

are used. These exceptions are generally made for those nonrecurring revenue
items mentioned above (bond proceeds and government transfers) that may have
occurred in the most recent year. In the case of bond proceeds, it is gener­
ally a?sumed that no bond sales will occur unless, a ,specific b~pd issue has
been planned. For government transfers, thegenerai ruli:! is'that,the most
recent year is used except for those programs that ai"eobviously not ,recurring.

The same general methods are used to project reve~ues-resultirig from the
impact of the proposed action. However, if the ,proposedac:tion, requires major
capital expenditures that would not be required under, baseline conditions, an
attempt is made to project the magnitude and timing ofbonq revenues to fi­
nance the expenditures.

Table L-19 shows the specific projection methods 'ii~edfor municipalities
and counties in New Mexico. In most instances the per-capita multiplier is
used. There are three reasons for choosing this method. First, in many cases
(e.g., gross receipts taxes) it is clearly the best: available, alternative.

In some cases it is used even though some other method is clearly better.
An example of this is Taylor Grazing Act fees (a Feder~l.transfer), going to
the county. Since the base is independent of population, these fees would not
be expected to rise in prop0rtion to county population. However, the, actual
amount of revenue from this source is so small that 'making an independent pro­
jection or assuming ,no change would. involve computational complexities not
offset by a measurable improvement in the reliability qf,theoverall revenue
projection. Therefore, this source is included,with other Federal transfers,
and the entire subgroup is projected on a per~capitabasis.

A third group of revenue items is projected on a'per~capit~ basis even
though population represents only .one of the determining factors in the
revenue le.v,el. This group includes, gasOline.,..tax, ¢igarett,e-tax,' and auto­
license distributions from the State, all 'of which have:,distribudon formulas
in which population is only one factor. However, it can 'be shown that, if the
other items in the distribution formula increase inproportiontopopulatio!1,
then per-capita projection methods,a.re ~appropriate.,<~,i~',:~o~ition,is likely
to be met fair,·ly c10sely, when· compar.ing revemle,S! ,unqer:baseline,andimpact
conditions. For example, in calculating ga00 Hrie-'ta:)C' 'dlstribtitl¢ms"theiatio
of roads in the local jurisdictibn to roads' in th~Staie ,is,used' alon<j with
population. If the number of miles of road ina local. ar'ea(e~g• ., munici.,.
pali ty) is higher under impact conditionsth~m,uoderba!?etineconditions in
rough proportion to the relative, population ,levels, undeF,,1:hetwo ponditions, ,
then the per-capita share of gasOline.,..tax distrIbutions :\.inl··bethe same under
both conditions•. ,Thus, the use of thep~r~capita:prq:J~tionmethod may some-

. '. • ," ~.".'. -, _. "~ . -! ~ . ,'. . . . ".. . •

what bias the baseline revenueproj ections, but.will '1:?'~", telativ.ely accura tein
comparing baseline and impact cbnditions. ',',"" ,
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Revenue items projected on the basis of housing units include utility
fees, property taxes, and fees (e.g., building permits), since these are more
closely related to the number of housing units than to population.

The only item proj ec ted to show no change in the total revenue level in
the two examples shown is the oil and gas tax category for the county.

L.7.2 Expenditures

As with revenues, the projection methods used for county and municipal
expenditures are essentia1iy the same. The process begins with the acquisi­
tion of data from the same sources as those for revenues. Spending forsev­
era1 years is then converted to constant dollars by using the Gross National
Product Price Index. Municipal expenditures are allocated by fund, while
county expenditures are allocated by service function (e.g., public works,
public safety), as dictated by the format of the original data.

Once the data are in constant dollars, they are examined for major trends
and nonrecurring items, which are noted and accounted for in the projection
process.

After a preliminary analysis of the data, the projections are made., The
methods used are a combination of the per-capita multiplier and the case study
method, as set forth in The Fiscal Impact Handbook. Basically, this involves
projecting future expenditures on the basis of the most recent actual per­
capita levelS, except that nonrecurring capital-spending items are excluded.

The projections made in the analysis of demands for community services and
facilities provide the basis for the capital-spending forecasts. If these
projections indicate excess capacity for a particular capital facility for the
period under analysis, only recurring capital expenditures are included in the
service function. On the other hand, if a capital facility is projected to
become inadequate in the future, estimates of expansion costs are included in
the forecasts. Recurring capital spending is based on statewide, county, or
municipal averages, derived from Department of Finance and Administration
annual reports. Capital-facility costs are derived from various sources gen­
erally in the building industry~ they are expressed in terms of annual debt
service.

The same general methods apply to baseline and impact projections. In
both cases the approach is to isolate the factors that will result in devia­
tions from recent per-capita spending levels and to incorporate those changes
into spending projections.

L.7.3 Net Fiscal Impacts

The underlying philosophy used to make baseline projections of revenues and
expenditures is somewhat different from that used to make impact projecti'ons,
although the methods used in each case are similar. Baseline projections are
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used to judge impacts. As a result, less detail goes into the baseline projec­
tions. For example, for counties, all spending is projected to grow in propor­
tion to population under baseline conditions, while some revenue. items may not

{~be projected to grow. This can result in a projected deficit for a county.
-However, the proper interpretatic)O' of this result is not that the county is

necessarily facing fiscal difficulties, but rather that, if spending grows in
proportion to population, some revenue sources will have to increase by more
than the projected amount. As an alternative, spending (and service) levels
may be reduced from current per~capita levels.

No matter what fiscal adjustments may be made under baseline conditions,
the baseline projections are intended to indicate orders of'magnitude for
spending and revenues during the period under analysis.;

On the other hand, fiscal-impact projections ~reintended to show, with as
much accuracy as possible, given his·torical data and information obtained in
interviews with local officials, the actual likely fiscal effect of the pro­
posed action. Every effort is.made to include in the analysis only the fiscal
impacts induced by the proposed action. Thus, a projected fiscal deficit or
surplus associated with the proposed action should be interpreted as such.
Not only is greater detail incorporated into impact projections, but generally
these projections can,be made with greater reliability than' can baseline pro­
jections. For example, projecting oil and gas tax revenUes causes problems
under baseline conditions, but since oil and gas production generally is not
expected to be affected by the proposed project, no change in these revenues
is attributable to the project, regardless of what happens to oil and gas
taxes.
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In an article entitled "An Appraisal of Non-Survey Techniques for
Estimating Regional Input-Output Models," David G. McMenamin and Joseph
Haring state that:

"Non-survey or minimum-s~rveymethods for constructing regional
input-output tables are attractive to model builders because of
the relatively small cost involved as compared with full survey
models." (9)

McMenamin and Haring go on to state that many of the non-survey tech­
niques have not been highly successful in. the past, but recently accuracy
seems to have improved by the use of newly developed techniques. Indeed,
the full survey method of building input-output tables is costly. While
records are rather poor, it is estimated that the 1960 New Mexico table cost
approximately $100,000 to construct and work was accomplished over a three­
year period. Recent estimates indicate that a new table for New Mexico of
the full-survey type would probably cost well over $100,000.

Such costs for a full-survey table for relatively small states makes
the non-survey technique desirable in terms of available resources. How­
ever, the level of accuracy of the non-survey technique table is still in
question. Therefore, in this study, an in-depth examination of several
aspects of the location quotient adjustment process for deriving a non­
survey input-output table from national coefficients was undertaken. In
performing the task, two basic questions were answered: (1) can the table
be constructed with available data and available techniques? and (2) how
does the table compare with a full-survey based table?

The results of this study could be extremely important not only to the
research work being conducted .at the University of New Mexico, but to the
State in general. Sincethe,l960 New Mexico full~survey table was compiled,
little updating has occurred (2, Appendix ..A). In early 1970 an examination
was made of this'origina1 surv~y-based table to determine if a household
sector could be added to the dire~t coefficients table given the information
available from the national level. This was accomplished in 1971. Basically,
this constitutes the updating of the original1960 table.

It is apparent that since the economic sector mix and the level of sophis­
tication of the economy has changed ~ignific~nt1y ~ince 1960, the value of the
1960 table for research work is questionable. In this study, anon-survey
1960 table was derived from available information and then compared· to the
full-survey table in order ,to determine the level of accuracy of the.non~

survey technique. Since" the tests proved positive, the BBER·used the tech­
nique to construct anon-survey 1972 table for the State.

METHOD

The basic method employed in this study centers around the use of 10ca-



tion quotients for determining the adjustment to be made to the direct co­
efficients of the United States input-output table in order to produce a
regional direct coefficient input-output table. The result is a non-survey ..,
input-output table of direct coefficients for the New Mexico economy of 1960.
Consequently, the location quotients were those for the period 1960 while the
national survey coefficients are from 1963. The method therefore makes the
naive assumptions that the coefficients did not change between 1960 and 1963,
and that on the average the techniques of production in New Mexico are similar
to those in the United States, at least in the 1960-1963 period.

The objective of this paper is not to engage in a digression of the rela­
tive positive and negative aspects of the input-output technique itself, but
it does seem in order to discuss the assumption that the techniques used in
production are constant to a specific industry regardless of its geographic
location or size. Basically, a survey-derived input-output table for a
specific region should point out the various techniques used in production
when that table is compared with a table compiled for any other region. We
would expect some differences; for example, the use of labor as a quantity
input to production would vary from region to region depending upon the
alternative costs in the production of a product, recognizing the fact that
the producer minimizes his cost and that the labor costs relative to the
price of other inputs vary from region to region.

The non-survey technique employed in this study, however, cannot take
the varying techniques of production under consideration because the process
of adjustment does not account for them. In this way the non-survey table
differs from the region-specific survey type model.

Although many other minor dissimilarities can be distinguished, one other
major distinction in this method exists. This variation concerns an assump­
tion that normally occurs, not in the building of the model but in its use.
In employing an 1-0 model for deriving the impact of changes to a specific
industry in terms of size or production levels, or for the addition or dele­
tion of industries in an area, normally we make the assumption that a specific
i~dustry or firm buys input products from other firms in the area that appear

--to produce those needed products for the production of the buyer's products.
In other words, under normal conditions,the input-output process is not re-

-fined to the degree needed to adjust for the absence of a specific product
needed fr.om the existing industry that appears to produce the input simply
because the Standard Industrial Classification code listing encompasses that
specific input.

In the building of a survey-type input-output model this assumption is
not needed, since the inputs are traced to domestic producers in the existing

- economy or the input is designated as an import. However, in the non-survey
technique of building the input-output model, an assumption is also made that
if the industry exists in the area, the product is bought in the area, and
thus it is available. The location quotient does nothing more than adjust
the .1evel of purchasing of that specific input. Therefore, under normal
co~itions, it may be assumed that the non-survey technique employed in this
study could slightly overestimate the purchasing of the required input-product
from existing industries in the area by another existing industry. This could
possibly underestimate the importation of needed inputs by anyone specific
industry. On the other hand, since a, firm is classified by the major product

L-68



(or service) it produces,then some product identification is obscured through
classification and the result is an underestimate of available products. The
latter situation appears to be the lesser of the two-sided problem.

Turning to the specific method used in this study, the first matter to
consider is that of the adjustment technique, specifically, the location­
quotient derivation and its application to the u.s. table. Two types of
location quotients were used in this study. The first is the traditional
type, which is a comparison of the relative importance of an industry in a
region with its relative importance in the Nation, by use of employment figures.
Secondly, the output-location quotient accomplishes the same comparison; how­
ever, instead of employment, the dollar volume of output is used.

The following is a description of the location quotients employed.

LOCATION QUOTIENTS

Employment Location Quotient

In its simplest form the employment-location quotient is defined for the
i th industry as:

ELQ = eile
Ei~E

where:

ELQ is defined as the Employment-Location Quotient;
ei is the regional (New Mexico) employment in the i th industry;
e is the total employment in the region (New Mexico);
Ei is the national (total) employment in the i th industry;
E is the total national employment (13,14).

If the location quotient is/equal to 1, we assume that the region is se1f­
sufficient in that indUstry. That is, on the average, the region is producing
its domestic needs specific 'to that 'industry. If the location quotient is
less than 1, the region is probably not "producing its domestic needs in rela­
tion to that indUstry, and therefore'part of the industry-specific conSumption
of that region is, nec'essarily imported. On the other hand, if the location
quotient is more than one, we assume that the region is producing goods for
export., Several 'basic qualifications" are necessary in order for the location
quotient to be a realist,ic' tooL "

One necessary assumption is that ' the consumption patterns for each region
are analogous to thoseof'thenation' as a whole, and that all production in
the United States is'consumed domestically. We caneasi:ly see 'that if the
consumption is not 100 percent domestic, 'then a location 'quotient for any
specific industry which is equal to. unity does not necessarily mean that
that industry is just self-sufficient. It may in fact be a net exporter.

Moreover, if national consumption of a specific product warrants impor­
tation of that product, a location quotient greater than unity may be needed
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for an industry to be self-sufficient in the production of that specific
·product. However, if we assume that the consumption patterns are fairly
equal from region to region, and that imports and exports are small rela­
tive to total production, then the location quotient concept is intuitively
a logical tool for the adjustment process.

Output-Location Quotients

Basically, those deficiencies and positive aspects of the employment­
location quotient hold true for the output-location quotient. The .output­
location quotient is defined as:

where:

XLQ is defined as the dollar output-location quotient;
xi is the dollar output of the ithindustry in the region .(New Mexico);
x is the dollar output of all industry (Gross State Product) in the

region (New Mexico);
Xi is the dollar output nationally of the i th industry;
X is the total dollar output of all industry (Gross National Product)

in the nation.

We should note at this point that the output-location quotient is a non­
traditional location quotient. The use of the output-location quotient is
necessary in this study simply because employment location quotients.do not
properly represent an adjustment factor for certain industries. This is true
because of the incompleteness of data on employment in certain industries or
the simple non-existence of certain types of data needed to make the employ­
ment-location quotient a workable tool for other industries (particularly
agriculture).

Direct Coefficients

The objective of this study is to produce a table of direct coefficients
for a region by adjusting ~he national technical direct coefficients from the
1963 national study. The U.S. study used in this research consists of 352
endogenous sectors plus 27 exogenous sectors including such things as house­
hold, inventory-evaluation adjustment, net inventory change and government
expenditures in addition to net exports and imports (23).

Procedure for Adjustment

Theor0tically, the use of location
output coefficients can be justified by
an area is not of average size, then it
industries In terms of product inputs.

quotients to adjust the national input­
the assumption that if an industry in
cannot supply all of the needs of other
The adjustment procedure using location
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quotients assumes that the selling industries are able to supply a product to
the buying industries in relation to their size. Their size in the study is
determined by both the indus~ry's employment and output.

The location quotients, having once been computed, are used as adjustment
factors on a row-by-row basis to the national table. Any location quotient
which is greater than 1 indicates in the most basic terms that that industry
is an exporting industry. That is, since it produces more, or employs more
pe~ple than the average industry employs for the domestic location in which
it is set, then the excess product is exported and it becomes a net exporting
industry. For those industries which had a location quotient greater than 1,
we assumed that they continued to buy input products in a similar fashion to
that of the average industry across the United States; therefore, any upward
adjustment in the direct coefficients on the national table would indicate
that that specific industry is selling more of a product, percentage-wise,
to a region-specific industry than that industry can use. This assumption,
of course, would be unrealistic. Therefore, all location quotients which
were greater than 1 were set to a constant factor of unity. This situation
means that the selling industry, with a location quotient of unity, provides
no more or no less than the products needed as inputs to other industries.

Data Limitations and Location-Quotient Computation

In trying to gather data to compute the needed location quotients for
352 endogenous sectors, the obvious conclusion is that the finer the break­
out of the sub-industries of any major industry, the more limited the data.
For example, excellent wage- and salary-employment statistics are available
for a complete year at the two-digit SIC code level for all manufacturing
industries. However, when the industries are disaggregated to a basic four­
digit SIC code level, then the data becomes harder to obtain. Those employ­
ment data which are available at the four-digit SIC code level are published
only once a year for the first quarter of the year. Therefore, when comput­
ing the employment location quotients, use of year-round data at the four­
digit SIC code level was impossible, and only first-quarter information was
used.

This situation could lead to a pr()blem: the first quarter may not be
representative of the emploYment in the industry" since (1) the industry may
expand or contract througho,ut the year"and the'l;evel in the first quarter
is not the average for t,he year and (2) Diany ,industries ,are beset ,with
seasonal employment and the first quarter nationwide is normally the slowest
quarter of the,year. Tr.erefcJre, empl,OYment, in ,the first quarter in many cases
would not be representative of the total year because of se,asonal fluc,tuation.

. . -. ~'. , . ., . . .

To eliminate part of ,the problem of using, fir'st-:quarter data, the 1960
first-quarter data could ,be averaged ,with the 1961 data toproduc~ a figure
which probably would be c19ser to the ~960 avet;"age than 'that ~produced by using
the first-quarter data. 'However,. since, this, proc~dure would involve averaging
two quarters from the'same time of'theyear, no adjustment would be made for
seasonal fluctuation. 'The effort in ma~ing such an averaging adjustment
appeared to be a fruitless task since in computation of the location quotients
by both m~thods, very little difference occurs in the results. This fact can
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be accounted for because a region in most case~ would experience the same
fluctuations in employment for any specific industry that the nation would
in the very short run. Therefore, it was decided that the use of first~'
quarter data for 1960 would be as relevant to the situation as the average
of the first quarters of 1960 and 1961. The employment-location quotients
were therefore applied to all of the manufacturing sectors.

While it would have been preferable to use employment-location quotients
for all sectors defined in the national table, such a plan was not possible
considering the limitations of the data. For example, very little information
is available on employment in the agricultural sector for the sub-industry
categories listed on the national table. A figure for employment in all
agriculture, of course, is available (24). However, when trying to locate
employment in dairy farms, or for poultry and egg production, or in meat
animal aJ:id miscellaneous livestock products, or in cotton, etc., the task
is highly difficult if not impossible. Furthermore, if figures can< be 10­
cated~ there is no guarantee that those figures are inclusive of the total
employment in that industry, since many of the production units in the agri­
cultural industry are nothing more than lima and pa" operations, with employ­
ment of the proprietor rarely counted in the employment statistics at the
sub-industry level. Therefore, after careful examination of the problems
involved in trying to use employment-location quotients for the agricultural
sector, a decision was made to use a non-traditional location quotient which
we have called an output-location quotient (as explained in the fo~egoing

section of this pap~r).

AGGREGATION OF THE NATIONAL TABLE

While the objective of this study is to produce a nonsurvey input-output
table, the overall result of the study can be said to include a comparison of
the nonsurrey table with a survey data table for New Mexico of 1960. The 1960
New Mexico table contained 42 endogenous sectors (2). In order to make such
a comparis )n, the 352 endogenous sectors in the national table must be aggre­
gated to t le 42 sector leveL Note that 292 of the 352 sectors are 'specific
to manufac:uring basically at the four-digit SIC code level. Therefore, the
manufacturLng portion of the table makes up nearly 83 percent of the total
sectors de:ined in the national table. While aggregation is necessary due
to the obj!ctive of the study, it should also be desirable for any region
which coull be defined below the national level because a high probability
exists thac something less than the 292 defined manufacturing sectors exist
in that region. This premise is particularly true in New Mexico with its
small manufacturing sector that comprised approximately 7 percent of total
wage and salary employment in 1960 (33).

The a~gregation process could have been accomplished using several means.
First, a sLmple averaging of the coefficIents for each by adding together each

'of the nat Lonal sectors' into its respective New Mexico sector, and then divid­
ing by the number of sectors included~ Obviously, this is a naive approach.
Secondly, the sectors could have been averaged by weighting them as to their
employment, which was apparently done in previous research (Shaffer, etc.)
using the locatioJ:i-quotient method (13, 14). However, a third method exists ~
which appelred to be better. Estimated 'output for each of the identified ..
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national sectors was computed and these sectors were'weighted by their out­
put. Obviously, one of the effects of this method would be the same as using
employment as a weight -- that is, to give the larger industries in the state
more influence in the determination of the direct coefficients than the
smaller industries when two or more industries of unequal size are aggregated
together. However, the third method did something more than the aggregation
by employment size was able to accomplish. The aggregation by volume of out­
put accounted for varying lev.els of productivity which exist from industry
to industry. For those industries which had been adjusted by output location
quotients the output figures already existed for the aggregation process.

For other industries' which had been adjusted by employment-location
quotients, estimating output in 1960 was necessary. Luckily, output data
for 1958 and 1963 existed from the various detailed Censuses of Manufactur-
ing, Business, etc. for those industries which had been adjusted by employment­
location quotients (26)~ . Therefore, the procedure was to arrive at an estimated
level of output per employee (productivity) using.a weighted average for the
two data years. That output per employee is applied to the number of
employees to get an estimated total output for that industry or sub-industry
in 1960. Where possible, the level of productivity was specific to that
State. However, some sub-indus.tries were so small that no information on a
state level was given in the various censuses. Therefore, productivity at
the regional or national level had to be used.

The question arose as to how~productivity at the national level compares
with productivity for the individual states. In order to determine whether
or not national productivity would be valid meas\lre of local productivity,
a random sample of five industries was chosen and an analysis was completed
with from 10 to 20 observations, by state. The results of this analysis
showed that the variation in productivity was negligible in the five indus­
tries among the states tested. Therefore, based on this random selection
of five industries, we concluded that national productivity was a valid
alternative to statewide productivity when necessary for use in computing
estimated output.

COMPARISON

In this portion of. the'study~ a'description of the comparison between
the 1960 survey~based table- ~nd the 1960 non~sutvey table-is given. This
comparison was!.' performed with· 39 and not' 42 columhs •. ' Three sectors from
the survey~based 1960 New Mexico table had,tobe deleted as they'were de­
fined differently in thenon-survey~tab'le •. A c6mparf.son test was performed
that was similar to the test described" by Shaffer·anci Chu in their article
on non-survey based. input."",output techniques' (14) ~ .

,f. .. .~ ...t; .'

To test the accuracy of th~ non-survey table,x2 w.as computed for each
column in the direct requirements table, taking'as the. true values the tech­
nical coefficients from the. sl.!-rvey-based 1960 New Mexic'o 'Input~OutputTable

published by the UNM Bureau of BusinessRes~arch. ,TWo comparisons were made
between the survey-based table and the direct requirements table with function
weights: (1) a non-survey table aggregated without the use of location quo­
tients to the 1960 survey~based table; and (2) a direct requirements table
with both function weights and location quotients to the 1960 survey-based
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table. The null hypothesis was that the non-survey technique would yield
direct requirements coefficients which were the same as those in the survey­
based table. An evaluation was made of the results of the tests at the 95
percent level with 38 degrees of freedom. The results of the tests were as
follows: for ~he direct requirements table without location quotients the
X2 statistic in 22 of 39 columns was in the rejection interva1,1 indicating
that function weights alone are not enough to produce reasonable accuracy.
However, for the table with the location quotients, the X2 statistic was in
the rejection interval in only 8 of the 39 columns. This figure indicates
that the location-quotient method produces results that are reasonably close
to the 1960 survey value.

CONCLUSION

In the introduction we stated that two questions were to be answered
in this study: (1) can the table be constructed with available data and
techniques? and (2) how does the table compare with a full survey-based
table?

First, a non-survey based table obviously can be constructed in the
manner by which it was accomplished in this project. The methodology in
this study was considerably more time consuming and difficult than the
location-quotients adjustment procedure described in the recent literature
(9, 11, 13, 14). The procedure of adjusting coefficients previous to aggre­
gation should be more accurate. Unfortunately, the study cannot attest to
a difference inaccuracy; however, obtaining data for the 352 endogenous
sectors listed in the-national input-output tables of 1963 and 1967 is
more detailed and difficult than locating data for the more highly aggre­
gated sectors, such as those appearing in the New Mexico and Washington
state tables (1, 3, 4).

The advantage of the lower-cost non-survey technique is significant.
Compared with a survey-based table, the total time involved in producing
a non-survey based table is minimaL (A 1972 New Mexico non-survey table
was produced in five weeks using this technique. The cost was less than
$5,000).

The comparison of the location-quotient adjusted non-survey based table
with the full survey table showed that some columns were significantly
different. However, analysis of the columns which v~ried significantly in
the two tables indicates that certain major sectors accounted for a large
portion of that variation. For example, five of the six sub-sectors in
agriculture showed significant variation, and one of the six sub-sectors
of the mining industry varied significantly. Both of t~esemajor sectors
were adjusted by output-location quotients and since the mining sector

1 X2 .05 with 38 d.f. was computed according to the formula:

X~= n (1 - ~n + Za ~n)3 where n = 38 and Za = 1.645.

(Za is the normal deviate at the 95 percent level.)
Thus X2 .05 = 53.380.
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c~umn
Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Industry

Meat Animals
Dairy Products
Fe~d Grains
Cotton
Other Farm Products
Agricultural Services
Copper Mining
Non-ferrous Ores Mining
Crude Oil & Petroleum
New Construction, Other
Chemical Mining
Coal, Stone & Clay Mining & Quarrying
Meat Products, Processed
Dairy Products, Processed
Grain Mill & Baked Products
Miscellaneous Food Products
Lumber, Wood & Furniture
Printing & Publishing
Chemicals, Plastics & Rubber
Petroleum Refining
Concrete & Stone Products
Electrical Equipment &Machinery
Fabricated Metal Products
Miscellaneous Manufacturing
Railroads
Other Transportation
Gas & Oil Pipelines
C01lllllunications
Electric & Water Utilities
Gas Utilities
Wholesale Trade
Retail Trade
Finance & Insurance
Real Estate
Hotels & Motels
Personal Services
Business Services
Auto Repair
Medical & Educational
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x2 Value With~~t
Location Quotient

Adjus'tment

1837.86908
3.91990

121. 61327
68.22235
79.11645

1500.84171
156.29900
126.60604

19.60852
569.80825

9.83117
157.44106
334.29984

64.18916
466.76550
107.07334

56.70250
1155.28348

94.98391
29.28434
10.50268
95.06541

613.84833
153.26054

20.06416
7.69775

17.40511
11.00637
39.57436

3321.07094
21.68048
4.84526
2.77826
4.20676
3.75628

69.65323
1.58041

340.81264
28.18200

x2 Value With
Location Quotient

Adjustment

1836.52435
1.98851

110.09386
63.40295
66.52820

535.16665
18.90447
11. 98700
11.60208
70.58260
0.80598

15.11602
54.75327

0.17410
8.19718
3.11619
9.85470

11.25779
11. 31261

0.92766
2.07352
0.28200
0.25926
0.92913
3.00616
0.51413

15.08370
6.57453
2.81252

3320.87176
4.12142
0.13118
0.67102
1.98422
0.28428
1.18209
0.22846
1.46602
0.15089



fared well in the test there is no reason to believe that the output-location
quotient adjustment accounted for the variation in agriculture. Therefore,
concerning agriculture and mining, six of the twelve columns varied signifi­
cantly between the two tables. These columns account for three quarters of
the total columns which had X2 in the unacceptable range.

In manufacturing, only one column showed significant variation between
the two tables. This column was meat packing (closely related to the agri­
cultural sector). This X2 (54.75) could be said to be in a marginal range
of acceptance. The gas-utilities column had the largest X2 of any of the
columns. The variation in the gas-utilities column could be expected since
the gas-utilities in New Mexico are different in activity compared with the
national average. The New Mexico gas utilities are both producers a~d 4is­
tributors and therefore the national coefficients should not and do not
reflect this vertical integration.

Considering these results, we believe that the non-survey based teehnique
used to build a 1960 table for New Mexico is an acceptable procedure and gives
valid results in a majority of the columns. For those columns that have X2
significantly different from the survey-based 1960 table, most problems occur
~: the one sector (agriculture) for which data is very limited.
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Attachment B-1

NEW MEXICO INPUT-OUTPUT MODEL. 1960
TECHNICAL COEFFICIENTS: DIRECT REQUIREMENTS PER DOLLAR O~ OUTPUT

INDUSTRY PURCHASING
1 2 3 4 40 41 .2 •••• ROW SUMS ••••--..._---------.---~_-------------------_._~_-----.~-.--------~ .-~-------_._-----------~-----_~_----- ---------------MEAT ANI"ALS I (.27096 0.00'00 0.0519E 0.0441" .0.00000 0.00000 0.00000 I 0.94268

D~IRV pf:eDUC 2 0.00295 O.ON)OO 0.01007 0.006 '.00000 0.00000 0.00000 2 0.34722
FE:D GRAINS 3 0.20623 0.23408 0.02256 o.ooe OOCOO 0.00010 0.00000 3 0.66950
CCTTON 4 0.00000 0.00000 0.00000 0.00; '0000 0.00000 0.00000 4 0.23377
OTH~R FA~M P 5 C.00355 0.00002 O.COOOO O.OOe 0000 0.00379 0.00000 5 0.19605
AGRICULT~RAL 6 0.00000 0.~3689 0.02692 0.11~ POOO 0.oe004 0.00000 6 0.21494
CO~PER .ININ 7 C.OOOOO O~OOOOO 0.00000 J.ooo, 0000 O.ooo~o O.~OOOO 7 0.29950
NCNFERRC~S 0 8 c.~oc06 0.00000 o.ooooe 0.0000 JOOOO 0.00000 0.00000 8 0.16612
CRUDE elL & 9 o.ootoo o.OCOOO 0.00000 o.OOCO OOCOO 0.00000 0.00000 9 0.67426
NEw ceNSTRue 10 e.ooooo O.OOODO 0.00000 0.0000 ~00000 0.00000 0.00000 10 0.00000
CHE~IC~L. MI~ .11. C.~0100 o.oooco 0.00173 0.000' ~00000 0.00000 0.00000 11 0.07378
eCI\L. STC"E 12' 0.00~C3 0.00014 0.00261 0.001 \coeoo 0.008C6 0.00000 12 0.13382
~EAT pF<eCUCT 13 C.COOOO O.OOCOO 0.00000 o.ol)'ooeoo 0.00000 0.00000 13 0.0615.5
DAIRV p~eDue 14 0.)0000 0.00000 0.00000 0.00 )oeOO 0.00000 0.00000 14 0.12100
GI:AIN "'ILL & 15 C.05223 0.16519 O.OCOOO o.oc iOOOO 0.00000 0.00000 15 0.34171
MISC. FCCDP16 C.00613 O.00e48 0.00000 O.DC 00000 O.OCOOI o.aOGOO 16' 0.C6534
LUMBER._OOD 17 0.00300 0.00000 0.000'0 o.oe .00000 0.02505 0.00000 17 0.26.94
PRINTING &'P 18 (.00001 0.00001 0.00:01 o.CO· I.OOC80 0.00000 0.0~365 18 0.02796
C"'EMICALS.P 19 C.OCI21 0.00116 0.01625 O.OIC i.C0008 0.00220 0.1)0022 19 0.17898
PETROLE~" ~E20 0.00379 0.00635 0.032l2 C.020. .00375 0.C1244 0.00462 20 0.39807
CCNCRETE & S 21 C.oo~oo 0.1)0000 o.oc/)oe o.OC.CO '00000 0.06121 0.00000 21 0.26486
El.ECTRIC'l.&.22 c.ce007 0.'C~09 0.0004~ 0.0003 '0006 0.00056 0.~0002 22 0.11071
F_e~leATED M 23 o.oeooo 0.')0001' 0.00002 o.oeoo ')000 0.02206 0.')0000 23 0.06663
MISC. MA"UFA 24 C.00044, 0.00C25 0.00032 o.OCO~ 1000 0.00093 O.COOOO 24 0.09434
FAILRO_CS 25 0.00495 0.00716 0.0054~ 0.0031 036 0.01320 0.00055 25 0.29136
OTHER T~~NSP 26 C.01225 0~02493 0.00489 0.003' '049 0.01913 0.00070 ~6 0.40760
GAS & OIl. PI 27 C.~OOI0 0.00017 0.00086 o.ooo~ 0006 0.00014 0.00009 27 0.04018
ce~MU~ICATIO 28 C.00161 0~C0269 0.00311 0.002i Jl182 0.00272 0.01021 28 0.26010
ELECTRIC.&.W.29 0 •.00240_ 0.004,71 0.00458 0.0082 .01233 0.00229 0.03280 29 0.4'3888
GAS UTILITIE30 0.00000 0.00089 O.OCOOO 0.0000 .00296 0.00040 0.00300 30 0.51581
WHOLESALETR ,31. 0.01563 0.01606 0.01339 0.0097 ,00480 0.02921 0.n0508 31 0.58733
RETAILT~ADE 32 0.00718 0.01~08 0.01322 0.013' ~1906 0.03863 0.00786 32 0.32881
F INA~CE £. IN 33 0.00332 .0.01'385 0.00664 0.009~0438 0.00362 0.00286 33 0.37696
REAL ES1~TE 34 C.Ol030 0.01234 0.06643 0.12' ~412 0.0047$ 0.10525 34 1.43631
HCTELS £. MOT 35 C.OOOCO 0.001)00 0.00000 O.OCI )000 O.COOOO 0.00000 35 0.00432
PERS'J~AL. SER' 36 C.OOOOO O.OCCOO 0.00000 O~OO 0000 0.'.)0000 0.00204 36 0.19501
BUSINESS SEA 37 ~.00566 0.00050 0.03871 0.C2 ~1606 0.00694 0.01607 37 0.53671
AUTO REF_IR 38 C.00273 0.00355 0.00591 O.OOt 00659 0.00363 0.00803 38 0.18152
",EDICAl.& £D 390.00181 0.00408 0.00000 0.000, .0~000 0.00000 0.00491 39 0.02043
MlSC.P~OFES 40 O.0012~ 0.00145 0.00156 0.001' .06982 0.04089 0.01416 40 0.33638
...ew CCNSTAUC 41 0.00666 0.00933 0.01461 0.0141'~0046 o.COO 26 0.04110 41 0.55663
HCNPAOFITOA 42 (.00027 0.00503 0.00038 o.OOOt 10074 0.0008S 0.00067 42 0.04476

••• CCLUMN $UMS ••9 0.62377 0.56049 0.36501 0.426' '0874 0.30309 0.26408

Cont>lete tables will be furnished upon request to the Bureau of Business and Economic Research. University
of New Mexico. Albuquerque. NM 87131.



Attachment B-2

N!WMEJCICO INPUT-OUTPUT MODEL. 1960W1thout,Locat1oft Quotient TECHNICAL COEFF ICIENJ.S~ DIRECT ReOUIA!MENTS PER DOLLAR 01' OUTPUT
Adjustment INDUSTRY PURCHASING

I a, 3 4 40 41 42 •••• ROW SUMS ••••
-------~----------_. __..-.-'~------~-------- ..._--------------------- ._----------------------------~----------~ . .-----------....

Ml:~T ANIMALS 1 0'.27096 0 .. 00000 'C.05196 0.0441e O.OOOC) 0.00000 0.00000 1 0.94268
CAl ~Y PROUUC 2 0.00521 o.coooo 0.01934 0.0124 '.0000) 0.00000 0.00000 2 0.69955
FElZD GRAINS 3 0.~8783 0.32670 0.03148 o.ooc' .OOCO:) 0.OC015 0.00000 3 0.93440
COTTON 4 a.ocoeo O.COCOO o.ocooe O.COf 00000 o.oocoo 0.00000 4 0.23377
CTl-H"q FArlM " 5 0.('('425 0.OC003 o.oocoo O.COI 0000,) 0.00302 0.00000 S 0.27395
Al>RICULTU~AL 6 0.00000 0.03t>fl9 0.02692 0.11 >000) 0.00004 0.00000 6 0.21494
CGI-'r'FR ... lNIN 7 0.('0000 0.00(,00 (I.oceoo 0.001 'OOOJ 0.00000 0.00000 7 0.3051)7
Nm..rr: Rlolt)US 0 8 O.OCOOO O.OC('OO O.OOC/)O 0.000 300')0 0.00000 0.0(1)00 8 0.16612
CI~U\)E UIL.t. 9 ').OOOCO o ..ooeoo O.OOCOO 0.0001 OOCO) O.OCOOO 0.00000 9 0.67426
II.["W CCN~TRUC 10 0.1)1)('00 0.0(1000 o.OCCOO 0.0000 0000" 0.00:>1)0 0.00000 10 O.OCOCO
CHf '.11 CAL MIN 11 o.OCCCO o.OOOCO 0.00173 0.00091 .00000 0.00000 0.00000 11 0.07376

.1 COAL. STUN\: 12 0.ClC004 0.00051 e.0C'39S 0.0026 ,.OOCOJ 0.01222 0.00000 12 0.26821
N ~IF .\ T pn"Jf)UCT 13 0.00(100 O.OOCOO I).OCOOO O.ooco 0.0001)' o.oeooo O~OCOOO 13 0.15089D OAlnv P'~OOUC 14 O.OOOCO O.COOOO o.ocooe O.ooor o. cooo·) 0.00000 0.00000 14 0.16967
U GI-'AI"I MILL & 15 O.I)!iA16 1).16466 O.OOOCO C.OOO 0.0000') 1).00000 0.00000 15 :...473Ql
S />IISC. F,JUO p 16 0.01bJ5 0.02272 C~OOOOO o.ooe o.ooeo·) 0.OCO.!6 0.00000 16 0.43149T LUI/HER. w01J1J 17 O.l'OI'II 0.C0116 0.00012 O.OO( 0.00082 1).05798 0.00035 17 1.01735R PIolINTIIII':' & P 18 0.(\0016 0.(lOC22 0.00028 o. co' '.00837 0.00003 0.01948 18 0.21111y C.1[,"lI CAL S. P 19 0.C0434 0.,)0599 0.06076 0.06 .000 ...> 0.01131 0.00069 19 0.89618PETROLF.U""' PF. 20 1).00511 0.00U5S 0.04352 0.02 00506 0.02149 0.00623 20 0.54868c;nr,CRF TE & S 21 0.00014 1).00 13'3 0~0(\139 O.OC ')CC2J 0.13756 0.00000 21 1.07423

I:J S ELECTRICAL & 22 0.I)0')f.\1 0.00090 0.013~9 0.00 'C 057 0.04247 G.00059 22 1.23212
E FAI-lRICATF:D ~ 23 0.00(,~2 0.00375 0.00180 O.OOt C005 0.10477 0.00000 23 0.46542en L ~ISC. M"I'l\J" A 24 0.00?J5 0.00204 0.oe727 0.004 0101 0.01086 0.00312 24 0.597?1t\) L ~A I LROA!'JS 25 0."C'495 /).00)716 0.00545 0.003/' 00:J6 o. a 132.0 0.00055 25 0.29136
I CTrlf.R TH A~SP 26 0.013')0 '.).025e3 0.OC676 0.0053 006-\ 0.02065 0.00095 26 0.58462N GAS. (, OIL PI 27 O.OCOIO 0.00.,17 0.00e66 0.OCC5· 1(1)06 0.COOI4 0.00009 27 0.04018
G .(.QMW,IN Ie AT 10 28 O.OOlbl 0.00269 0.00311 o. C0271 cJ11132 0.00272 0.• 0102 I 28 0.260JOELECTRIC .r. W 29 0.C0243 0.00475 ~.I)OA30 O. C0974 .01434 0.00269 0.03411 29 0.4667.9(;AS UTILITIE 30 o.ceooo 0.00089 0.00000 0.00000 .002')·~ 0.00040 0.00300 30 0.51581'*H::lLESAl.E' TR 31 0.07.229 0.022CJl 0.01910 0.01390 1.0068~j 0.04165 0.00724 31 0.83761RE TAJ L TRADE' 32 0.,)0710 0.01308 0.01322 0.0135: 1.01906 0.03863 0.00786 32 0.32RAIF"INI.NCE & IN 33 O.CO~61 o.c 0671 0.01204 0.0152 .006A2 0.00651 0.00634 33 Q.57405REAL ESTATE 34 o .O.Ir.30 0.0 1234 0.oe643 0.1241 .05412 O.OC475 0.10525 34 1.43611HOTELS & 14(!T 3S o.Oo)OCO o.cocoo O.OCOCO o.ocoe 000'" 0.00000 0.00000 35 0.004'J2

PE;RSONAL Sf:R 36 (I.OCOCO 0.000(\0 O.OCGOO 0.0001 10CO:) 0.00000 0.00241 36 0.19902BUSHIESS SlR 37 0.0"571 0.00C5O 0.03871 0.021( 1601 0.OC783 0.01760 37 0.75762
AUTO r.E"AI~ 38 0.OC273 0.C0355 0.OC591 0.005, OC.59 0.00363 0.00803 38 0.18152
MCO I·CAL C. EO .39 0.00371 0"CO&39 O.OOCOO O.OCCI OOC;) 0.00000 0.00746 39 0.03568
~ISC.• PR!'lFCS 40 0.00129 0.00145 0.00156 O.OOI} J69S<a 0.04069 0.01416 40 0.33638
NE:WCOIIISTRUC 41 0.00666 0.00933 0.01467 0.014 .1)0046 0.00026 0.04110 41 0.55663
NONPHCF I T OR 42 0.COC28 0.00622 0.OC040 0.0006, .00076 0.00088 0.00069 42 0.04641••• COLUMN SU~'S ••• 0.74399 0.72111 0.48(92 "0.516'l~ lJ.22892 0.58791 0.29752

"Complete tables will be fumishedupon request to the Bureau of Bu.siness and Economic Research, University
of New Mexico, Albuquerque, NM 87131.
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Table M-l. Population Estimates and Projections: WIPP Scenario Ia

• Carlsbad Loving
Eddy School School Lea

County Carlsbad District Loving District County
Year (99%, 90%) b (88%, 80%) b (93%, 85%) b (6%, 3%)b (6%, 3%)b (1%, 10%)b

1970 41,119 21,297 25,498 1,192 1,350 49,554

1975 42,900 NA NA 1,400 NA 51,600

1976 45,300 25,500 29,300 1,4,50 1,600 53,100
1977 46,200 26,600 30,400 1,500 1,650 55,100
1978 47,300 27,900 31,600 1,550 1,700 56,300
1979 48,200 28,600 32,400 1,600 1,750 57,500
1980 49,425 29,600 33,410 1,660 1,810 58,710

1981c 50,780 30,710 34,640 1,680 1,830 60,030
1982 53,430 32,930 37,020 1,790, 1,940 61,280
1983 54,120 33,480 37,690 1,800 1,950 62,620
1984 53,880 33,170 37,320 1,790 1,940 63,870
1985 54,430 33,360 37,590 1,830 1,980 65,230

1986 55,950 34,360 38,700 1,840 1,990 66,540
1987 57,340 35,230 39,680 1,900 2,050 67,740
1988 58.,750 36,140 , 40,690 1,950 2,100 68,850
1989 60,150 36,940 41,590 2,000 2,150 69,950
1990 61,550 37,840 42,590 2,050 2,200 70,950

1995d 65,250 40,040 45,090 2,150 2,300 75,150

2000 69,250 42,540 47,890 2,300 2,500 79,050

2010 73,150 44,940 50,590 2,450 2,600 88,150

aIn scenario I, the direct impact of the WIPP (c6nstructionand operation)
is assumed bo be distributed as foIlows: Carlsbad, 88%J Loving, 6%J rest of Eddy
County, 5%i Lea County, 1%. The indirect impact is distributed as follows: Carls­
bad, 80%i Loving, 3%i rest of Eddy County, 7%iLeaCounty, 10%. Data computed by
Larry Adcock and Associatesi NA = ~ot available.

Drhe percentages given in parentheses are the direct and indirect popUlation
migration, respectively, resulting from the WIPP. Percentag~s may vary because
of rounding. - -' "

cConstruction of the WIPP assumed tOb~in in 1980. 'All impacts assumed to
be static after 1987.'

dprojections for years beyond '1995 assume continu~'d activity in the oil and
gas industry at a 'stable bu't constant'leve1. 'Present prodlictionleve1s measured
against proved oil and gas reserves and recovery rates indicate, that activity
could decrease before 1990. However, secondary and tertiary (oil only) recovery
procedures could prolong activity beyond the year 2010.
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Table M-2. Population Estimates and Projections: WIPP Scenario IIa

Remainder Remainder Hobbs .-Eddy. of Eddy . Lea of Lea School
countb Carlsbad County countb Hobbs countb District

Year (58%) (5.4%) b (4%)b (42%) (36%) b (6%). (39%)b

1970 41,119 21,297 19,822 49,554 26,025 23,529 29,858

1975 42,900 NA NA 51,600 NA NA 33,300
1976 45,300 25,500 19,800 53,100 29,600 23,500 35,600
1977 46,200 26,600 19,600 55,100 30,550 24,550 36,900
1978 47,300 27,900 19,400 56,300 31,650 24,650 37,400
1979 48,200 28,600 19,600 57,500 32,600 24,900 37,950
1980 49,370 29,560 19,800 58,750 33,490 25,260 37,600

-
1981c 50,550 30,530 20,020 60,250 34,620 25,630 38,790
1982 52,710 32,330 20,380 62,000 35,940 26,060 39,200
1983 53,300 32,810 20,490 63,440 37,000 26,440 41,320
1984 53,510 32,870 20,640 64,240 37,530 26,710 41,860
1985 54,180 33,160 21,010 65,480 38,390 27,090 42,760

1986 55,620 34,080 21,540 66,870 39,220 27,650 43,700
1987 56,970 34,930 22,040 68,110 39,950 28,160 44,530

- 1988 58,380 35,840 22,540 69,220 40,610 28,610 45,240
1989 59,780 36,649 23,140 70,320 41,260 29,060 45,960
1990d 61,180 37,540 23,640 '71.,320 41,860 29,460 . 46,640

1995 64,880 39,740 25,140 75,520 44,310 31,210 49,390

2000 68,880 41,240 26,640 79,420 46,560 32,860 51,890

2010 72,780 44,640 28,140 88,520 51,910 36,610 57,840

aIn scenario II, the distribution of direct and indirect impacts is
assumed to be as, follows: ,Carlsbad, 54%: rest of Eddy County, .4,%: 'Hobbs,
36%: 'rest of Lea Coun~y, 6%. NA = not available. ' J

~he percentages given in parentheses are the gross population migra-
tion resulting from the WIPP project. Percentages may vary because of
rounding.

cConstruction of the WIPP assumed to begin in 1980. All impacts as-
sumed to be static after 19a7. ,

dp~ojections for y~arsbeyond1995 assume continued activity in the
oil, and gas industry at a stable but constant leveL present production
levels measured against proved oil and gas reserves and recovery rates in-. .,

dicate that activitY cou~d decrease before 1990. However, secondary and
tertiary (oil only) recovery procedures could prolong activity beyond the
year 2010.

M-2



Table M-3. 1980 Resident Population Within 50 Miles of the
~··r WIPP' Site (Maximum Impact--Scenarios I and II)

Miles from site
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total

N 0 0 35 25 175 25 260
NNE 0 0 25 5 55 5,690 5,775
NE 0 0 0 25 75 8,785 8,885
ENE 0 0 10 70 205 34,100 34,385

E 0 0 5 15 3,290 160 3,470
ESE 0 0 5 10 3,080 270 3,365
SE 0 0 5 20 20 30 75
SSE 0 0 0 25 10 40 75

S 0 0 5 15 50 15 85
SSW 6 0 5 30 95 15 150
SW 0 5 55 30 10 40 140
WSW 0 0 1,810 200 50 65 2,125

W 0 0 70 32,660 40 30 32,800
WNW 0 10 5 190 55 40 300
NW 0 0 30 20 65 12,260 12,375
NNW 0 0 15 5 220 10 250

Radius total 6 15 2,080 33,345 7,495 61,575 104,515
Cumulative total 6 21 2,100 35,445 42,940 104,515

Note: See Tables ~1 and M-2 for a description of the distribution of
direct and indirect impacts associated with scenarios I and II.

Population allocations into the various geographic sectors have been based
on the maximum impact of both scenarios I and II. This procedure leads to
some double counting in a few areas, but increases the population count by a
maximum of only 0.3% (approximately 400 people) in the overall area.

.M-3.



Table M-4. 1990 Resident Population Within 50 Miles of the WIPP
Site (Maximum Impact--Scenarios I and II)

Miles from site
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total

N 0 0 30 20 160 20 230
NNE 0 0 20 5 50 6,640 6,715
NE 0 0 0 20 65 10,860 10,945
ENE 0 0 10 65 185 42,625 42,885

E 0 0 5 15 3,840 140 4,000
ESE 0 0 5 10 3,595 255 3,865
SE 0 0 5 15 20 25 65
SSE 0 0 0 25 10 40 75

S 0 0 5 15 45 15 80
SSW 6 0 5 30 100 15 155
SW 0 5 50 15 10 40 120
WSW 0 0 2,245 175 50 65 2,535

W 0 0 65 41,145 40 35 41,285
WNW 0 10 5 185 50 45 295
NW 0 0 30 20 60 15,975 16,085
NNW 0 0 15 5 235 10 265

Radius total 6 15 2,495 41,765 8,515 76,805 129,600
Cumulative total 6 21 2,515 44,280 52,795 129,600

Note: See Tables M-1 and M-2 for a description of the distribution of
direct and indirect impacts associated with scenarios I and II.

Population allocations into the various geographic sectors have been based
on the maximum impact of both scenarios I andl!. This procedure leads to
some double counting in a few areas, but increases the population count by a
maximum of only 0.3% (approximately 400 people) in the overall area.
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Table M-5. 2000 Resident population Within 50 Miles of the WIPP
Site (Maximum Impact--Scenarios I and II)

Miles from site
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total

N 0 0 30 20 150 20 220
NNE 0 0 20 is 45 7,385 7,455
NE 0 0 0 20 60 12,070 12,150
ENE 0 0 10 60 175 47,335 47,580

E 0 0 5 15 4,080 135 4,235
ESE 0 0 5 10 3,890 240 4,145
SE 0 0 5 15 15 25 60
SSE 0 0 5 20 10 35 70

S 0 0 5 15 45 15 80
SSW 6 0 5 30 100 15 155
SW 0 5 60 15 10 50 140
WSW 0 0 2,545 195 50 70 2,860

W 0 0 75 46,225 40 35 46,375
WNW 0 10 5 205 60 50 330
NW 0 0 30 20 70 14,915 15,035
NNW 0 0 15 5 260 5 285

Radius total 6 15 2,820 46,875 9,060 82,400· 141,175
Cumulative total 6 21 2,840 49,715 58,775 141,175

Note: See Tables M-1 and M-2 for a description of the distribution of
direct and indirect impacts associated with scenarios I and II.

Population allocations into the various geographic sectors have been based
on the maximum impact of both scenarios I and II. This procedure leads to
some double counting in a few areas, but increases the population count by a
maximum of only 0.3% (approximately 400 people) in the overall area.
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Table M-6. 2010 Resident Population Within 50 Miles of the WIPP
Site (Maximum Impact--Scenarios I and p) .,

Miles from site
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total

N 0 0 30 20 160 20 230
NNE 0 0 25 5 50 8,300 8,380
NE 0 0 0 25 70 13,500 13,595
ENl!: 0 0 10 70 195 52,850 53,125

E 0 0 5 15 4,605 135 4,760
ESE 0 0 5 10 4,335 240 4,590
SE 0 0 5 20 20 25 70
SSE 0 0 0 20 10 35 65

S 0 0 5 15 45 15 80
SSW 6 0 5 30 100 15 155
SW 0 5 65 15 10 50 145
WSW 0 0 2,645 205 55 75 2,980

W 0 0 80 49,465 40 35 49,620
.WNW 0 10 5 230 65 55 365
NW 0 0 30 20 75 15,770 15,895
NNW 0 0 15 5 275 5 300

Radius total 6 15 2,930 50,170 10,110 91,125 154,355
Cumulative total 6 21 2,950 53,120 63,230 154,355

Note: See Tables M-1 and M-2 for a description of the distribution of
direct and indirect impacts associated with scenarios I and II.

Population allocations into the various geographic sectors have been based
on the maximum impact of both scenarios I and II. This procedure leads to
some double counting in a few areas, but increases the population count by a
maximum of only 0.3% (approximately 400 people) in the overall area.
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Table M-7. Carlsbad Municipal Finances: Baselinea

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 690 710 730 740 760 770 790 810 830
Charges and miscellaneous 3,300 3,410 3,500 3,560 3,640 3,720 3,810 3,900 4,000

Intergovernmental transfers
State 2,960 3,050 3,120 3,170 3,230 3,290 3,370 3,450 3,540
Federal 1,040 1,070 1,100 1,110 1,130 1,160 1,180 1,210 1,240

~
Other 3,430 3,540 3,620 3,670 3,740 3,820 3,910 4,010 4,100-..J

TOTAL 11,420 11,780 12,060 12,260 12,500 12,760 13,060 13,390 13,720

EXPENDlTUR.~S (thousands of 1979 dollars)

General government 1,190 1,230 1,260 1,280 1,300 1,330 1,360 1,390 1,430
Public safety 1,530 1,580 1,610 1,640 1,670 1,700 1,740 1,790 1,830
Public works 7,890 4,140 4,250 4,330 4,430 4,520 4,630 4,750 4,860
Health and welfare 60 60 60 60 60 70 70 70 70
Recreation and culture 760 780 800 810 830 850 870 890 910
Debt service 760 810 810 810 900 800 620 620 620

TOTAL 12,210 8,610 8,800 8,940 9,190 9,270 9,290 9,510 9,730

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-B. Carlsbad Municipal Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 6 22 39 34 20 16 18 19 20
Charges and miscellaneous 38 130 211 162 81 74 90 94 95

Intergovernmental transfers
State 30 106 174 136 71 65 79 83 83
Federal 5 18 29 23 12 11 13 14 14

3:
I

Q) Other 20 70 114 90 46 43 52 54 55

TOTAL 99 346 567 445 231 209 251 265 266

EXPENDITURES (thousands of 1979 dollars)

General government 12 43 70 55 28 26 32 33 34
Public safety 16 55 90 71 37 34 41 43 43
Public works 47 161 262 200 99 90 109 115 116
Health and welfare 1 2 4 3 1 1 2 2 2
Recreation and culture 8 27 45 35 18 17 20 21 21

TOTAL 83 288 470 363 184 169 204 214 216

aData compu ted by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-9. Loving Municipal Finances: Baselinea

Revenue source or expenditure 1980-81 1981~82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 18 18 19 19 20 20 20 21 21
Charges and miscellaneous 162 165 168 170 176 178 181 186 191

Inter~~vernmental transfers
State 46 46 47 48 49 50 51 52 .- 53..
Federal 18 18 18 19 19 19 20 20 21

3: Local 63 64 65 66 68 69 70 72 74,
1.0

TOTAL 307 312 317 322 332 337 342 351 360

EXPENDITURES (thousands of 1979 dollars)

General government 35 36 36 37 38 38 39 40 41
Public safety 77 78 79 80 82 84 85 87 89
Public works 165 169 172 175 180 183 186 191 196
Health and welfare 6 6 6 6 6 6 6 7 7
Recreation and culture 11 11 11 11 11 12 12 12 12
Debt·service 20 21 22 23 24 25 26 28 29

--
TOTAL 314 320 326 332 342 348 354 364 375

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-lO. Loving Municipal Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes (b) 1 1 1 (b) (b) 1 1 1
Charges and miscellaneous 3 8 13 9 4 5 5 6 6

Intergovernmental transfers
State 1 2 3 2 1 1 1 1 1

:3:
Federal (b) 1 1 1 (b) (b) (b) 1 1

I Local I- I 1 1 1 1 1 1 1
I-'
0

TOTAL 5 12 19 14 7 7 8 9 9

EXPENDITURES (thousands of 1979 dollars)

General 'government 1 1 2 2 1 1 1 1 1
Public safety 2 3 4 3 2 2 2 2 2
Public works 3 9 14 10 5 5 6 6 6
Health and welfare (b) (b) (b) (b) (b) (b) (b) (b) (b)
Recreation and culture (b) (b) (b) (b) (b) (b) (b) (b) (b)
Debt service (b) (b) (b) 1 1 1 1 1 2

TOTAL 6 14 22 16 9 9 10 12 12

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
bLess than $500.



Table M-ll. Eddy County Finances: Baselinea

Revenue source or· eXpenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 2,380 2,420 2,440 2,460 2,490 2,510 2,540 2,570 2,600
Charges and miscellaneous 1,780 1,820 1,850 1,880 1,910 1,950 2,000 2,040 2,090

Intergovernmental transfers
State 610 620 630 640 650 660 680 700 710
Federal 870 890 910 920 940 960 980 1,000 1,030

:3:
I..... TOTAL 5,640 5,750 5,840 5,900 5,980 6,080 6,190 6,310 6,440.....

EXPENDITURES (thousands of 1979 dollars)

General government 1,380 1,410 1,440 1,460 1,480 1,510 1,550 1,590 1,620
Public safety 780 790 810 820 830 850 870 890 910
Public works 1,820 1,860 1,890 1,920 1,950 1,990 2,040 2,090 2,140
Health and welfare 380 390 400 400 410 420 430 440 450
Recreation and culture 100 110 110 110 110 110 120 120 120

TOTAL 4,460 4,570 4,650 4,700 4,780 4,880 5,000 5,120 5,250

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-12. Eddy County Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 4 20 40 44 28 18 19 21 22
Charges and miscellaneous 6 20 32 25 13 12 14 15 15

Intergovernmental transfers
State 4 15 24 19 10 . 9 11 11 12

3:
Federal 6 20 33 26 13 12 15 16 16

I
f-' TOTAL 20 74 l2~ 113 64 51 59 64 64t\.l

EXPENDITURES (thousands of 1979 dollars)

General government 10 33 55 43 22 20 25 26 26
Public saf ety 5 19 31 24 12 12 14 15 15
Public works 12 44 72 57 29 27 33 34 34
Health and welfare 3 9 15 12 6 6 7 7 7
Recreation and culture 1 2 4 3 2 2 2 2 2

TOTAL 31 108 177 139 72 66 80 84 85

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
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Table M-l3. Hobbs Municipal Finances: Baselinea

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 1,110 1,140 1,180 1,210 1,250 1,280 1,310 1,330 1,350
Charges and miscellaneous 4,070 4,190 4,310 4,440 4,560 4,680 4,760 4,840 4,890

Intergovernmental transfers
State 5,190 5,330 5,470 5,610 5,760 5,900 6,010 6,110 6,170
Federal 1,220 1,250 1,280 1,320 1,350 1,380 1,410 1,430 1,440

s:
I

TOTALb.... 11,590 11,920 12,240 12,580 12,930 13 ,240 13,490 13,720 13,860w

EXPENDITURES (thousands of 1979 dollars)

General goverriment 1,810 1,860 1,910 1,960 2,010 2,060 2,100 2,140 2,160
Public safety 2,320 2,380 2,450 2,510 2,580 2,640 2,690 2,740 2,760
Public works 3,580 3,590 3,800 3,920 4,040 4,140 4,220 4,290 4,330
Hea1th'and welfare 600 610 630 640 660 680 690 700 710
Recreation and culture 710 730 750 770 790 810 820 840 840
Debt service 670 670 670 670 670 670 670 670 650

TOTALb
.'

9,.690 9,950 10,200 10,470 10,750 10,990 11,180 11,360 11,450

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
bTotal includes approximately $4000 in transfers not classified as State or Federal.



Table M-14. Hobbs Municipal Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 . 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dol1a~s)

Own source
Taxes 3 13 23 21 12- 9 11 12 12
Charges and miscellaneous 17 60 97 75 38 35 42 44 44

Intergovernmental transfers
State 20 69 114 90 47 43 51 54 55
Federal 4 15 24 19 10 9 11 12 12

:s:
I
~ TOTAL 45 157 259 206 108 96 115 122 122
tI:>

EXPENDITURES (thousands of 1979 dollars)

General government 7 24 40 32 16 15 18 19 19
Public safety 9 31 51 40 21 19 23 24 24
Public works 16 55 89 69 34 31 37 39 40
Health and welfare 2 8 13 10 5 5 6 6' 6
Recreation and culture 3 9 16 12 6 6 7 7 7

TOTAL 37 128 209 163 84 76 91 96 97

anata computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
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Table M-1S. Lea County Finances: Baselinea

Revenue source o~ expenditu~e 1980'-81 1981-82 1982....,83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 3,260 3,440 3,620 3,810 4,010 4,230 4,450 4,680 4,920
Charges and miscellaneous 1,340 1,380 1,400 1;430 1,460 1,500 1,520 1,550 1,570

Intergovernmental transfers
State 560 580 590 600 610 630 640 650 660
Federal 1,070 1,090 1,110 1,140 1,160 1,180 1,210 1,230 1,250

3:
I.... TOTAL 6,240 6,480 6,730 6,980 7,250 7,530 7,820 8,110 8,400VI

EXPENDITURES (thousands of 1979 dollars)

General goveinmen{ 1,410 1,440 1,470 1,500 1,530 1,560 1,590 1,620 1,650
Public safety . 730 750 760 780 800 810 830 840 860
Public wor ks 2,060 2,110 2,150 2,200 2,240 2,290 2,340 2,380 2,410
Health and welfare 400 410 420 430 440 450 460 460 470
Recreation and culture 10 10 10 10 10 10 10 10 10
Debt service 0 0 0 0 0 0 0 0 0

TOTAL 4,620 4,720 4,820 4,920 5,020 5,130 5,230 5,320 5,400

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-16. Lea County Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Own source
Taxes 2 7 14 15 10 6 6 7 7
Charges and miscellaneous 3 9 15 12 6 6 7 7 7

Intergovernmental transfers
State 1 5 8 6 3 3 4 4 4

s: Federal 2 6 10 8 4 4 4 5 5
I....

TOTAL 7 27 47 41 23 19 21 23 230\

EXPENDITURES (thousands of 1979 dollars)

General government 4 12 21 16 8 8 9 10 10
Public safety 2 6 11 8 4 4 5 5 5
Public works 5 18 30 24 12 11 14 14 14
Health and welfare 1 4 6 5 2 :2 3 3 3
Recreation and culture (b) (b) (b) (b) (b) (b) (b) (b) (b)

TOTAL 12 41 68 54 28 25 30 32 32

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
bLess than $500.



Table M-17. Carlsbad School District Finances: Baselinea

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Operational fund· 10,090 10,210 10,160 10,370 10,470 10,750 11,060 11,420 11,850
Other funds 3,960 4,040 4,070 4,160 4,220 4,320 4,440 4,570 4,720

TOTAL 14,060 14,250 14,230 14,530 14,690 15,070 15,500 15,990 16,580

EXPENDITURES (thousands of 1979 dollars)

~ Operational fund 10,660 10,780 10,720 10,950 11,060 11,350 11,680 12,050 12,520.... Other funds 2,660 2,690 2,670 2,730 2,760 2,830 2,910 3,010 3,120-..J
Debt service 280 280 280 280 280 280 280 280 280

TOTAL 13,590 13,740 13,670 13,950 14,090 14,450 14,870 15,340 15,910

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.



Table M-18. Carlsbad School District Finances: Impact of the WIPP Projecta

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Operational fund 109 372 617 493 262 240 290 305 309
Other funds 36 131 231 206 119 94 109 117 119

TOTAL 145 504 848 699 381 335 398 422 428

EXPENDITURES (thousands of 1979 dollars),
Operational fund 115 393 652 521 276 254 306 322 327....

(J) Other funds 29 98 162 130 69 63 76 80 81

TOTAL 143 491 814 650 345 317 382 402 408

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding_



Table M-19. LOving School District Finances: Baselinea

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

fund
___ J

Operational 600 600 610 620 640 640 650 670 680
Other funds' 210 220 220 220 230 230 240 240 250

TOTAL 810 820 830 840 860 880 890 910 930

EXPENDITURES (thousands of 1979 dollars)

~ Operational fund 670 680 690 700 720 730 740 760 780
I-' Other funds 170 170 180 180 180 180 190 190 200ID

Debt service 10 10 20 20 30 40 . 50 60 I 70
---

TOTAL !J50 870 890 900 930 950 980 1,010 1,040

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding_





Table M-2l. Hobbs School District Finances: Baselinea,b

Revenue source or .expenditure 1980.;.81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89

REVENUES (thousands of 1979 dollars)

Operational fund 11,220 i 11,230 11,270 11,310 11,480 11,690 11,830 11,950 12,040
Other f~!lds ~,.030 .2,040 ~,060 2,090 2,130 2,170 2,200 2,230 2,250

i

TOTAL 13,250 13,280 13,330 '- . 13,400 13,~10 13,870 .. 14,030 14,180 14,300

EXPENDITURES (thousands of 1979 dollars)

:=:: Operational fund 11,210 11'~ 230 11,260 11,300 11,480 11,690 11,820 11',940' 12,030I
l\.l Other funds 1,'590 1,600 1,600 1',610 . 1,630 1,660 1,680 1,700 1,7.10....

Debt service 590 610 620 640 660 680 700 710 730

TOTAL 13 ,400 13,430 13 ,480 13.,550 13,720 14,020 14,200 14,350 14,480

aData computed by Larry Adcock and Associates. Detail may not equal tota1-.: because of rounding.
bTl:ie effect of possible new school buildings is not included.
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Table M-22. Hobbs School District Finances: Impact of the WIPP projecta,b

/

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89·

•
REVENUES (thousands of 1979 dollars)

Operational fund 42 150 252 203 108 98 119 124 124
Other funds 7 26 45 39 22 18 21 23 23

TOTAL 49 176 297 242 131 117 140 147 147

EXPENDITURES (thousands of 1979 dollars)

:3:
Operational fund 42 150 252 202 108 98 119 124 124I

'" Other funds 6 21 36 29 15 14 17 18 18'"
TOTAL 48 172 288 231 124 112 136 142 142

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding.
bThe effect of possible new school buildings is is not included.



CONTENTS

N.I Leaving the Waste in Place, as Is ••••••••••••••••••••••••••••••••• N-l

N.l.I
N.l.2
N.l.3
N.l.4
N.l.S

Description of Operations ••••••••••••••..•••••••••••••.••..
Environmental Effects .•••••••••••••.....•.•••..•..•••••....
Radiological Risk to Public•••••••••••••••••••••••••••••• '••
Hazards to Workers ••••••.•..•••••••.....•••••....•.•••••...
Costs ••••••••••••••••••••••••••••••••••••••••••••••••••••••

N-I
N-I
N-2
N-3
N-4

N.2 Improving In-Place Confinement of Stored waste •••••••••••••••••••• N-4

N.2.1
N.2.2
N.2.3
N.2.4
N.2.S

Description of Operations ••••••••••••••••••••••••••••••••.•
Environmental Effects •••••.••••••••••••••••••••••••••••••••
Radiological Risk to Public••••••••••••••••••••••••••••••••
Hazards to Workers ••••.•••••.•.•••••••••.••••......•.•••...
Costs •.....................................................

N-4
N-4
N-5
N-S
N-6

N.3 Retrieving, Processing, and Disposing of the waste at the INEL •••• N-7

N.3.1
N.3.2
N.3.3
N.3.4
N.3.5

Description of Facilities and Operations •••••••••••••••••••
Environmental Effects .
Radiological Risk to the Public••••••••••••••••••••••••••••
Hazards to Workers •.•.•••••••.•.•.••.•.•••..•••.••.••••.•..
Costs .........•............................................

N-7
N-8
N-9
N-II
N-12

N.4 Conclusions •.....•................................................

References .•........•..................................................

LIST OF FIGURES

N-I Summary of consequences from dominant long-term release
scenarios for all on-site disposal methods discussed ••••••••••••••

LIST OF TABLES

N-I Summary of dose conani tments for leaving the stored waste
in place, as is .

N-2 Summary of dose conanitments from disruptive events for
approach with in-place inanobilization of waste ••••••••••••••••••••

~ N-3 Nonradiological impacts of disposal •••••••••••••••••••••••••••••••

N-4 Estimated costs of on-site disposal for stored waste ••••••••••••••

N-iii

N-12

N-15

N-ll

N-3

N-6

N-IO

N-13



Appendix N

EFFECTS OF LEAVING THE
TRU WASTE AT IDAHO



Appendix N

EFFECTS OF LEAVING THE TRU WASTE AT IDAHO

If no TRU-waste repository away from the current storage locations becomes
available, there will be three general alternatives for managing stored
TRU waste:

1. The waste could be left in place, as is. A delay in making a decision
on what be do with the waste would amount to a temporary selection of
this alternative.

2. Improved in-place confinement could be provided for the waste.

3. The waste could be retrieved, processed, and disposed of at another
location at the storage site.

This appendix discusses these alternatives in terms of the methods that
might be used at the Idaho National Engineering Laboratory (INEL), the source
of the waste to be received at the WIPPi similar methods might be used at
other storage locations.

This appendix is based on a de~ailed report (DOE, 1979) that contains the
full analyses and discussions. The evaluations presented here, cover only the
TRU waste expected to have been stored at theINEL Radioactive Waste Manage­
ment COmplex (RWMC) by 1985. The effects of waste that might be received
after 1985 are addressed in the' detailed report.

N.l LEAVING THE WASTE IN PLACE, AS IS

N.l.l Description of Operations

In this alternative, the stored TRU waste would be left in place, as is.
A cover of plywood, polyvinyl sheeting, and 3 feet of earth over the waste
would be maintained. The present environmental monitoring and sampling proce­
dures would be continued, with improved procedures ,incorporated as they are
developed. In accordance with the.propo~ed criteria of the Environmental
Protection Agency (EPA, 1978)., it was conservatively assumed that the mainte­
nance and monitoring procedures would continue for only 100 years.

N.l.2 Environmental Effects

In the near future ·(i.e., up to 100 years after: the implementation of a
waste-management alternative), the environmental effects of this alternative
would be essentially the 'same as those. measured'.to date for operations in the
Transuranic Storage Area (TSA) at the INEL. Radiation doses received by people
near the covered waste would-be.approximately the natural-background doses.
The nonradiological effects normally associated with construction projects
(e.g., excavation of soil, use of motor fuels, emissions from construction

N-l



equipment, and socioeconomic impacts from an influx of workers) would not be
present. Thus, the effects on the environment, in the near term, would be the
smallest of any of the alternatives considered.

The long-term environmental effects of this alternative would be associated ..,
with the disruptions caused by natural disasters or human intrusion.

N.l.3 Radiological Risk to the Public

The hundred years of monitored, normal waste-management operations would
not be a hazard to the public under this alternative. Rather, the hazards in
both the near'and the distant future would be associated with waste disruption
~ natural disasters. Table N-l shows the results of dose-commitment evalua­
tions for the most important natural, disasters. The evaluations were based on
hypothetical releases occurring in the year 2085, when the monitoring was as­
sumed to stop. The effects from releases occurring in the more distant future
are presented in Section N.3, where they are compared with the long-termef­
fects of other alternatives. Risks were not evaluated because of the great
uncertainties in estimating the probabilities of disruptive events many years
in the future.

The scenarios leading to the largest dose commitments involve waste dis­
ruption ~ volcanic action or by future populations inadvertently intruding
upon the site. The RWMC lies near the edge of the Arco Volcanic Rift Zone,
which was the site of volcanic action as recently as 10,500 years ago and is
likely to become active in the future (Kuntz, 1978). In an explosive eruption,
molten lava encounters groundwater at a relatively small depth beneath the
surface of the earth~ a small but significant number of eruptions in the east­
ern Snake River Plain have been of this type in the past. A fraction of the
waste could thereby become airborne and be carried off the site. This event
is of extremely low probability.

In a related scenario, lava flow from outside the immediate area'could
cover the RWMC. The waste could be disrupted, and a fraction couid become
airborne and be carried off the site. The lava-flow scenario is the more
probable of these two scenarios, because eruptions originating in a larger
area could deliver flows to the RWMC. As long as the cover over the waste
were maintained, the effects' would probably be minimal. However, if the waste
were left in place indefinitely after maintenance operations cease, the cover
would erode away, and releases of rad!onuclides could occur (Table N-l). The
relative severities of the two scenarios for, volcanic action are the sUbject
of continuing studies. The results presented here are based on conservative
assumptions and may overestimate greatly the quantity of radionuclides that
would be released.

Another important scenario is future intrusion by small groups of people
onto the waste site after institutional controls have lapsed~These people
are assumed to live on the waste site, plow the land, eat food raised there,
and dig into the waste looking for artifacts or construction materials. Over
a 50-year period people living on the waste site could receive the dose com­
mitments listed in Table N-l.'

N-2
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, Table N-l. Summary of Dose Commitments for Leaving the Stored Waste in
Place, as Isa

1',>

DisrUptive event

Explosive volcano
Earthquake
Mackay Dam failure
Volcanic lava flowc,d
Intrusion

Ingestion
Inhalation

Disruptive event

Explos~ve volcano
Earthquake
Mackay Dam failure
Volcanic lava flowc,d
Intrusion

Ingestion
Inhalation

Maximum individual 50-:year dose commitment (rem)
Whole bodyb Bone Lung

6 x 10-3 8 20
2 x 10-8 2 x 10-5 . 4 x 10-5
3 x 10-9 1 x 10-4 NAe
3 x 10-2 50 90

7 400 NA
10 500 700

Populationf 50-year dose commitment (man-rem)
Whole bQ9y9 Bone Lung

40 40,000 80,000
1 x 10~4 1 x 10-1 2 x 10-1

1 x 10-8 5 x 10-4 NA
100 200,000 400,000

70 4,000 NA
90 4,000 6,000

aData from DOE (1979).
bThe whole-body dose received from natural background radiation

during the 50 years is about 7.5 rem.
Cpverburden is assumed to. resist lava flow as long as maintenance is

continued. Release is. assumed .to occur 100 years after implementation,
when maintenance has been discontinued.

~he dose-commitment calculations for this scenario are subject to
larg~uncertainties.

~ = not applicable.
fPopulation = 130,000 except for intrusion, where it is 10.
gTh~ whole-body population dose received from ~he natural background

radiation during the 50 years is aboqt 1,000,000 man-rem for the larger
population and about 75 man-rem for' the 'population 'aff'ected by intrusion.

, ,
Flooding of the RWMC could result,fromfaiiure.of the Mackay Dam, which is

about 42 miles, upstream on. the Big,Lost'Rlver" The dam'could fail 'because of
faulty design or construction; degradation, or seiSmic activity. This disrup­
tive event is also listed' in Table N':'l.· ,

N.l.4 Bazardsto Workers
, ,'I

'1 .• ',
~, , .\ ~" ...

~erience .at t~e 'RWMC in(Uc~te~, t~:athk~ards"to ~workersfo~'
tive would be small. Maintenance and surveillance workers would
aUon doses that are barely.distinguishable from" those delivered
background radiation.

N-3
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N.l.S Costs

The estimated cost of continuing the present program of maintenance and
surveillance for the Transuranic Storage Area is $600;000 annually. (The
number of, years for which maintenance and surveillance would be continued
cannot be projected with confidence.) Upgrading the program could increase
this cost. In addition, capital costs for the periodic replacement of some
equipment items would be less than one-tenth of the operations cost.

N.2 IMPROVING IN-PLACE CONFINEMENT OF STORED WASTE

N.2.l Description of Operations

This alternative provides additional in-place protection for the waste.
Protection would be provided against penetration by water and intrusion by
people, ~imals, and plant roots. This discussion covers two approaches for
constructil'\g confinement barriers for the waste (a barrier over the top and
sides and 9arriers over the top, sides, and bottom) and one immobilization
approach.

In the top-and-side~barrier approach, an additional 10-foot cover of com­
pacted clay and a 3-foot cover of basalt riprap would be built up over the
existing mounds on the storage pads.

'. ,

In the top-side-and-bottom-barrier approach, increased isolation would be
provided ~ pressure~grout sealing of the sediments beneath the asphalt pad.
As long as the grout remained intact, it would be an additional barrier'
against downward migration of the waste. Assurance cannot be given~ however,
that the grout would remain intact for the thousands of years required for the
radionuclidesto become innocuous. .

In the immobilization approach, the waste would be immobilized in place by
injecting grout into the waste and into the sediments beneath the pad. The
waste wouldthere~ be encased in a massive, impermeable block of grout. The
grout would not penetrate sound waste containers, which would be surrounded by
the grout. ,This immobilization method would make any future retrieval ex­
tremely difficult~

" For all of these methods of improved confinement, maintenance and surveil­
lance would be continued as discussed in Section N.l.

N.2.2 Environmental Effects

Under normal operational conditions, there would be no near-term releases
of radioactivity from any of the three improved-confinement methods and 'hence
no dose commitments to the public. Direct radiation from the stored waste
would be reduced by the shielding of the mound over the waste, and radiation
exposures at the surface of the mound would be expected to be near background
levels. Long-term environmental effects would be associated with the disrup­
tive events considered in the risk analysis below.
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Nonradiological effects would be those resulting from the use of materi­
als, energy, and labor. For ,example, it is estimated that 30,000 cubic yards
of clay and 12,000 cubic yards of basalt riprap would be required for the
additional protective cover over the waste. An estimated 1000 cubic yards of
grout and 13,000 cubic yards of; concrete would be required for grouting be­
neath '~he waste. The immobilization approach would require an estimated
34,000 cubic yards of grout. The waste-management area is already disturbed,
so there would be no additional loss of habitat or use of lands. A possible
habitat loss might be expected at the playas from which clay would be extract­
ed to construct the waste overburden. This impact would be minor.

N.2.3 Radiological Risk to the Public

For the three confinement approaches discussed, the risk associated with
the confinement operations themselves would be essentially zero. Only in the
immobilization operation, in which grout-injection pipes would be forced
through the clay cover and.the pad, can a release scenario associated with
operations be postulated •. ,During insertion and withdrawal, the grout-injection
pipes would be provided with external containment to prevent the spread of
contamination. The hazards from waste-management operations would be much
smaller than those from the disruption of' the wa~te by such events as volcanic
activity or human intrusion. '

The ability of improved confinement to resist disruptive natural events is
difficult to assess. This ability would undoubtedly decrease as the engi­
neered barriers deteriorate. A credit, ranging in value from a factor of 1 to
a factor of 1000, has been taken for the beneficial effects of the barriers in
reducing the release quantities.

The dose commitments for disruptive-event scenarios, assumed to occur in
the year 2085, were estimated. (The 'effects from releases occurring in the
more 'distant future are presented in 'Section N.3.) For the two approaches
involving confinement barriers, the dose commitments are similar to the cor­
responding dose commitments'listed in Table N-l. The similarity stems from
the worst-case assumption that the maintenance of the confinement barriers
would cease in the year 2085 and that the erosion of the barriers would occur
immediately thereafter.

The dose-commitment results for· the immobilization- approach are summarized
in Table N-2. A 'comparisonof ,these, data with ·those in Table,N~l shows the
beneficial effects of the immobilization in reducing the severity of releases,
at least for 100 years.

N.2.4 Hazards to Workers

For this alternative, ha,zards to workers would be only slightly greater
than those for the alternative of leaving the waste as is.. A low level of
hazard would eXistduring'immobilization operations, but waste-confinement
measures for the immobilization operations are being developed.

N-5



Table 'N-2. summary of Dose Commitments from Disruptive Events for Approach
with In-Place Immobilization of Wastea

Maximum individual 50-year dose commitment (rem)
Disruptive event Whole bodyo Bone Lung

Explosive volcano:, 6 x 10-5 8 x 10-2 2 x 10-1
Earthquake 2 x 10-10 2 x 10-7 4 x 10-7
Mackay Dam failure 3 x 10-11 1 x 10-6 NAe
Volcanic lava flowc,d 3 x 10-4 5 x 10-1 9 x 10-1
Intrusion

Ingestion 7 x 10-2 4 NA
Inhalation 0.1 5 7

50-year background dose 7.5

Disruptive event

Explosive volcano
Earthquake'
Mackay Dam failure
Volcanic lava flowc,d
Intrusion

Ingestion
Inhalation

50-year background dose

populationf 50-year dose commitment (man-rem)
Whole body9 Bone Lung

0.4 400 800
1 x 10~6 1 x 10-3 2 x 10-3
1 x 10-10 5 x 10-6 NA

1 2000 4000

0.7 40 NA
0.9 40 60

1 x 106

aData from DOE (1979).
bThe whole~body dose received from natural background radiation during

the 50 years is about 7.5 rem.
cOver burden is assumed to resist lava flow as long as maintenance is

continued. Release is assumed to occur 100 years after implementation, when
maintenance has been discontinued.

dThe -,dose-commitment calculations for this scenario are subject to large
uncertainties.

eNA = not applicable.
fpopulation is 130,000 except for intrusion, where it is 10.
gThe whole-body population does received from natural background radia­

tion,during the 50 years is about 1,000,000 man-rem for the larger population
and about 75 man-rem for the population affected by intrusion.

N.2.5 Costs

The estimated costs for improving the confinement of TRU waste stored at
the Transuranic Storage Area are summarized below. The number of years for
which maintenance and surveillance would be continued cannot be projected with
confidence. The costs are in millions of 1979 dollars (DOE, 1979).

Method

Top and side barr ier
Top, side, and bottom barriers
Iinmobili zation

N-6

Capital

1.9
5.4

21

Annual operations
and maintenance

0.6
0.6
0.6



N.3 RE'l'RIEVING, PROCESSING, AND DISPOSING OF, THE WASTE AT THE INEL

In this alternative, 'the 'stored TRU waste would be retrieved from its
present location, processed, and shipped to a disposal facility elsewhere at
the INEL. The retrieval and processing of the stored waste would begin in
1985 or as soon thereafter as practicable.

N.3.l Description of Facilities and Operations

Retrieval

The waste would be retrieved as described in Section 9.8.2.

Processing

Three possible methods were'arialyzed for processing the stored waste:
(1) ,incineration'by slaggingpyrolysis, followed by packaging~ (2) compaction,
immobilization, and packaging~ and (3) repackaging only. The first and third
of these methods provide upper and near-lower bounds for the environmental
effects of any waste-processing method that might ultimately be selected and
implemented. The effects of these two bounding methods are presented here.
The effects from compaction, immobilization, and packaging methods are dis­
cussed elsewhere (DOE, 1979) and are intermediate in mag~itude.

, ,f

Slagging pyrolysis and repackaging only are discussed in Section 9.8.3.
The details of processing would be affected very little by the choice of the
ultimate destination for the waste product.

On-site shipment

On-site shipment of processed waste would be by semitrailers pulled by
standard truck tractors. The cast slag fromslagging pyrolysis would be
shipped in DOT-17C 55-gallon drums~each drum would weigh about 1360 pounds.
The repackaged waste would be shipped in DOT-17C drums with 90-mil polyethylene
liners~ each drum would weigh about 260 pounds.

On-site diSposal .'.
Four on-site disposai rnethodswere analyz~d and are discussed below.

Waste processed by any:ofthe methOds discussed previously could be disposed
of by any of these disposal methods. All disposal methods would be designed
to allow retrieval of the waste, if necessary, during an observation period.

Deep-rock disposal: shaft access'. This method involves waste disposal in
a vault a minimum of 800 feet below ground. Access to the vault would be
provided by two shafts. The repository ,Would be simila.r to the WIPP in de­
sign, but smaller and less complex.' After waste emplacement and a retrieva­
bility period, the shafts would be filled with rock and plugged with concrete.

., . " ..

The conceptual location is in calcareous rockS! in the Lempi Mounta.in
Range, in the northwestern cOrner'of the'INEL. Althoughthis'location is the
only portion of the INEL that is not underlain by the'Snake River Plain aqui­
fer, it is believed to be hydrologically coupled to the aquifer. There is
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also a possibility that limestone in the vault area would be found to be
water-saturated. For these reasons, the area would have to be explored by
core drilling and hole testing before proceeding further.

Deep-rock disposal: tunnel access. The conceptual location studied for
this disposal method is about 3 miles from that studied for deep-rock disposal
with shaft access. Two tunnels and a subsurface repository for the waste
would be constructed. The repository would be identical with that described
for the shaft-access disposal.

Engineered shallow burial at Site 14. This method involves engineered
shallow burial in lacustrine sediments at the central area of the INEL known
as Site 14. This area has the deepest known surface sediments at the INEL.

The facility would consist of underground concrete structures in a rec­
tangular array. Each structure would be buried so that its top would be well
below the original ground surface. Each structure would contain rooms running
the length of the structure and would have a high ratio of solid material to
void, obtained by the use of massive interlocking concrete blocks and by the
use of a thick layer of natural material (clay and basalt riprap) to protect
the concrete from the environment. Two hypothetical designs were used in the
analysis, one with a less massive construction than the other in order to
reduce cost.

Disposal in an engineered surface facility near the RWMC. The location
studied for the engineered surface-disposal facility is in the southeastern
corner of the RWMC, extending outside and to the south of the present fence.
The surface soil in this area is typically 15 feet thick above a layer of
basalt approximately 100 feet thick.

The engineered surface-disposal facility would consist of elongated,
earth-covered concrete structures, each resting on the basalt base. Includ­
ing the cover material, each structure would stand considerably above ground
level. Each structure would contain a number of disposal rooms extending its

. full length.

The structure would be massive, with the intention of providing long- .
term containment of the waste. It would have a high ratio of solid material
(reinforced concrete) to void, obtained by the use of massive interlocking
concrete blocks. A thick layer of natural material (clay and basalt riprap)
on top of the concrete would protect the concrete from the environment.

N.3.2 Environmental Effects

The environmental effects of retrieval, slagging pyrolysis, and repackag­
ing are given in Section 9.8.

The shipment and disposal of waste at the INEL disposal locations would
not result in significant radiological effects, at least in the near term (up
to 100 years)~.· The waste would be packaged to prevent the release of contam-.
ination during normal handling.and shipping. There would be no exposure to
the general popUlation from normal operations because the waste would be
shipped on committed roadways.
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After the waste had been put in the disposal facility and the facility
closed, long-term environmental effects of disposal would be associated prin­
cipally with the disruption of the waste by natural disasters.

Nonradiological impacts would result from the use of land, ~nergy, resour­
ces, and labor. These impacts are ~ummarized in Table N-3 for the four dis­
posal locations, including the less-massive variation of engineered shallow
burial. Implementation of this variation would greatly reduce the amount of
concrete required, as shown in the table.

The construction of roadways would remove some sagebrush habitat. The use
of Site 14 would cause the ~oss of some of the crested wheatgrass, which was
introduced to increase the grazing area on the INEL. Both of these effects
would be minor. The use of either Lemhi Range site would cause a loss of 8000
acres of grazing land for cattle and sheep. (All but about '200 acres of this
total would be in the form of a 2-mile-wide buffer zone around the disposal
site. The buffer zone might be judged unnecessary after operations ceased,
because of the protection afforded by the disposal facility itself.) About
200 acres of wildlife habitat would also be lost in the Lemhi Range, mostly
because of the construction of the roadway.

N.3.3 Radiological Risk to. the Public

The radiological risks associated with retrieval, slagging pyrolysis, and
repackaging of waste are discussed in Sections 9.8.2.3 and 9.8.3.3.

For waste processed by slagging pyrolysis, the risk to the public during
waste shipment and the operational phase of disposal would be thousands of
times smaller than that associated with processing the waste. For the repack­
aged waste, the risk from shipment and from disposal operations would be about
the same as that from processing.

Some of the disposal methods are designed for long-term integrity of the
containment. Thus, calculations of hypothetical releases occurring in the
year 2085 are of limited value. Figure N-l shows the consequences of more
distant releases (OOE, 1979) as a function of the time at which they occur.
(Risks were not evaluated because of the uncertainties in estimating the prob­
abilities of disruptive events thousands of years in the future.) For per­
spective, results are also shown for the other two alternatives discussed in
this appendix. The figure is simplified in that the degradation of the waste
confinement is assumed to oCcur instantaneously, rather thangradu~lly. The
increase in population dose shown for the first 100 years is a result of as­
sumed population growth during that period.

In terms of ,population dose commitment, the dominant hypothetical release
event after disposal is .volcanic actionieither an eruption ,up through the
waste or lava flow over it .frpma nearby eruption. A· fraction of the waste
could thereby become .airborne and be carried off the site~

All the other evaluated-.,spenarios wElre found ~o produce lower population
doses. Flooding is among the'se. The RWMC could be flooded by high water in
the Big Lost River or by failure of the Mackay Dam. Such water would pond on
the INEL, where most of it would evaporate. To reach the Snake River Plain
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Table N-3. Nonradiological Impacts of Disposala

Disposal
method'and
location

Man­
monthsb

Particulate
emissionsb

(103 lb) ,

construction
Diesel

fuelb
(103 gal)

Landb,c
(acres)

concreteC

(103 yd3)

Operations

Person-ElectricityC
nelc (106 kW-hr/yr)

Deep-rock
disposal:
-shaft access

Deep-rock
disposal:
tunnel access

924

924

36

36

330

330

205-210 2

206-211 5

39

31

3-6

2-4

2:
I...

o

Engineered
shallow land
disposal at
Site 14

Less-massive
construction
than above

Engineered
surface
disposal near
the RWH::

393

288

246

10.3

8.i

8.1

94

76

73

288-493

185-266

41-115

510-1200

14-41

380-1100

19-28

10-19

21-30

0.13 -,0.26

, '0,.13 - 0.26

'0.10 -0.17

aData from DOE (1979).
bIncludes committed roadway.
ORanges' of values reflect ,the, different output volumes of waste from' _the three processing methods

'studied. 'Higher, values, are for the repackage-only approach, lower values are for slagging "pyrolysis.
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Figure N-l. Summary of consequences from dominant long-term release
scenarios for all on-site- disposal methods discussed.

aquifer, water would have to percolate downward through 580 feet of sediments
and basalt. Flow in the aquifer is at the rate of 4 to 20 feet per day, but
sorption would greatly slow the transport of TRU nuclides. Dispersion and
decay would cause the resultant concentrations to be low. Indeed, the analy­
sis indicates a greater, but still minor, hazard from the resuspension of TRU
nuclides left on the surface after the evaporation of ponded water (DOE, 1979).

A significant scenario from the standp9i~t of individual doses is future
intrusion on _the waste si t;e byindividuals ;or small,· groups of people. These
scenar ios could result in individual.doses I as high as 200.-rem to the bone or
the lung. The population dose would be small because of the .small number of
people involved. - .

N.3.4 Hazards to Workers
'1

••. !
:.- I

The hclzardst:o·~rke.rs dur:ing waste-re~rieyaland processing operations
are discussed in S~tions 9.8.2.1~ ~:~d 9.8~r4,r_espe~tiv~1~.· .

During on-site shipment and~disPosal of waste, small radiation ·exposures
would occur to the work force from direct radiation. Physical controls and
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N-12

N.4 CONCLUSIONS

N.3.5 Costs---

30
635
212

Total
Total
O&Ma D&Db

20 . 1
226 13

92 11

9
372
109

CapitalOperation

aoperations and maintenance.
bDecontamination and decommissioning.

The estimated costs of retrieval and of processing for each of the three
alternative methods evaluated are given below. These costs are identical with
those given in Section 9.8.2.5 and 9.8.3.5; they are in millions of dollars
(DOE, 1979).

administ~ative procedures would be implemented to keep the radiation doses
received by workers as low as practicable and within DOE standards (ERDA,
1977). Present experience with the handling of TRU waste shows that individu-
als directly involved in the operations do not receive maximum doses near the .­
radiation-worker limit of 5 rem per year.

Retrieval
Slagging pyrolysis and packaging
Repackaging only

No normal operational releases of radioactivity would be associated with
theleave-in-placealternative or the improved-confinement alternative. In
the short term (i.e., up to about 100 years), the alternative with retrieval,
processing, and disposal at the INEL would result in a greater radiological
impact: than the two other alternatives. The largest radiological impact would
result from normal operational releases from the slagging-pyrolysis process.
During processing, a whole-bod~ dose commitment of 1.9 x 10,....7 millirem per
year of operation or 3.·6 x ·10- millirem to the bone could be expected at
the point of maximum airborne concentration (Table 9-70).

The estimated costs for. on-site shipment and disposal are summarized in
Table N-4. For each disposal method, the costs are given for managing the
waste form resulting from the two processing methods discussed. The estimated
cost of the less-~assive version of engineered shallow burial is consequently
less than that of the other version; the difference is due principally to the
smaller quantity of concrete required.

The result of having no· off-site TRU-waste repository would be that the
TRU waste stored in Idaho could be (1) left in place as is; (2) left in place
with improved confinement being provided; or (3) retrieved, processed, and
disposed of at the INEL.



. Table N"';4. Estimated Costs of" On-Si te Disposal "for Stored waste
(Millions" of Dollars)a

Disposal method Shipping
Total

Capital O&Mb D&DC Total

Deep disposal in rock: shaft
Slagging pyrolysis
Repackaging only

Deep disposal in rock: tunnel
Slagging pyrolysis
Repackaging only

Engineered shallow burial
Slagging pyrolysis
Repackaging only

Less-massive variation of
engineered shallow burial

Slagging pyrolysis
Repackaging only

Disposal in an engineered
surface facility

Slagging pyrolysis
Repackaging only

2.7
1.1

2.7
1.1

2.3
1.4

2.3
1.4

NAd
NA

36
37

37
38

263
604

34
79

154
451

103
111

96
108

69
73

65
69"

70
74

0.3
0.3

0.3
0.3

0.3
0.4

0.3
0.4

0.2
0.2

142·
149

136
147

335
679

102
150

225
526

aData from DOE (1979).
bFor each entry in this column, $60 million of the operations-and­

maintenance (O&M) costs stemmed from 100 years of maintenance and surveil­
lance.

clncludes only costs associated with decontamination and decommis­
sioning (D&D) of service facilities such as maintenance facilities. No D&D
would take place for the disposal facilities themselves.

dNA = not applicable.

During handling associated with shipment of processed waste to the INEL
disposal locations, workers would be exp~sed to direct radiation from the
waste packages. Experience indicates that the doses received by the workers
will be well below the 5-rem!yr limit for radiation workers.

There would be no radiological exposures to the general population during
normal operations for disposing of the waste at the INEL.The dominant
waste-handling accident would be associated with the waste that has only been
repackaged.

Over the long term Jioe., over more than about 100 years), natural disas­
ters (floods, volcanoes, etc.) could occur, disrupting the waste and releasing
radionuclides. Also, individuals and small groups of people could inadvert­
ently come into contact with the waste. In terms of radiation doses to the
surrounding popUlation, volcanic action was determined to be tne predominant
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event for all of these alternatives. '.' Although significant 50-year dose com­
mitments could be delivered to maximally exposed persons in the'volcanic-lava­
flow scenario (90 rem to the lung) and the intrusion scenario (SOO rem to the
bone, 7QO r.. ell,l ,t:q the . lung) " no near-term fatalities from 'radi,ation would,be ,'~
expected; to result f~9msuchevents.'Dose commitments: this lar,g~.a,re ·pt~dicteCl.

only for the alternative. of leaving the waste, a's is, without !improving,itliJ '
oonfi~ment. '

;:, :'.~ .i'.' ':: "-. , '; ~ ,.-

Nonradiological effects from, any of the· three alternatives; 'discussed'above
WQuld generally be limited to minor commitments of energy, re~ources'~:'and:l.a­
bor. An exception is the large requirement of concrete for the massive struc­
tures for engineered surface disposal and for engineered'shallowburial~.The.
latter facility ,aan be.1nade ,less massive, using less concre:te,with sOme,sac­
rifice in lon9~term safety. This reduction in mass is probably 'not Possible
for the engineered surface-disposal facility, which would be openly eXposed to
the eleDlents,in an area of severe winters, significant rates of deterioration'
of theoontainment woul~ then be expected over' the lqng ,terDl:;" ..

,.
~ ,... " ..

Slaggingpyrolysiswouldbe the most costly of the, proceslSirig methOds
studied, but the resulting waste product would be the safest. Furthermore,
the reduced disposal costs resulting from the decreased volume of wasteproc­
essed,~ slagging pyrolysis would tend to offset the increased cost of proc­
essing, particularly for disposal in massive concrete structures. Deep-rock
disposal and the less-massive variation of engineered disposal would cost much
less than the other disposal methods studied.
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Appendix 0

INTERPRETATION OF THE RADIATION DOSES
PREDICTED IN THIS DOCUMENT

Some of the analyses in this document predict th~iation doses and dose
commitments that people may receive from activities associated with the WIPP.
This appendix begins with a brief discussion of ~he meaning of these two quan­
tities. It then describes the methods that this document uses for interpret­
ing them.

0.1 RADIATION DOSES AND DOSE COMMITMENTS

The impacts of radiation from the WIPP are predicted in terms of two dif­
ferent quantities--dose and dose commitment--because people can receive two
types of exposure to radiation: external exposure and internal exposure. An
external exposure comes from a source outside the body;. if the source is rem­
oved or the person moves away from it, the external exposure stops. A person
who stands, for example, ona contaminated surface may receive an external
exposure until he moves away from the surface. Internal exposure, on the
other hand, comes from radioactive material inside the body. If such material
is inhaled or ingested, part of it continues to irradiate body tissues until
it decays or is eliminated by biological processes.

When this environmental impact statement predicts that a person will re­
ceive an external exposure to radiation, it also evaluates the biological dam­
age done during the exposure by calculating the dose delivered to the person.
Strictly speaking, it calculates the quantity called "dose equivalent," but
this document, like most others of its type, uses the less awkward term "dose."

Internal exposures are evaluated in terms of "dose commitment," a quantity
describing the effects of irradiation that continues .after radioactive material
has entered the body. A dose commitment is calculated by integrating, or sum­
ming, the annual dose received from radioactive nuc1ides inside the body1

usually this integration is performed for a period of 50 years after intake.
The integrated dose reSUlting from 1 year's intake of the material is then, by
definition, the 50-year dose commitment from that intake. For radionuclides
that decay quickly or are eliminated quickly, most of the do~e commitment is
received in a short period of time at the beginning 6f the 50 years; for
longer-lived or longer-retained materials, it may be received over the entire
50 years. Tritium, for example, would.deliver a dqse co~itment early in the
50-year period. AJIlong therad.1onucl,ides that would deliver a dose commitment
over a longer time are the actinide elements t~at.are in the waste to be re­
ceived at the WIPP.

Both dose and do~e commitment are ~xpressed in terms of a unit called rem,
a measure of biological damage done by r~diation.

When more than a few people are exposed to radiation, the quantities com­
monly used to describe the effects are popUlation dose and population dose
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, commitment. Expressed,.in man-rem, these quantities are calculated by mUlt~ply­

~ing the number of exposed people by the average dose or dose commitment they, '
~ceJve. From estimates of population :dose and dose cOI1!1llitment" it is, p()s-
sible,:-as explained below, to predict the health effects resulting' from ~
exposure.~ ~-,

0.2 METHODS FOR INTERPRETING PREDICTIONS OF RADIATION DOSES

Because most people are not familiar with measurements of radiation doses
and dose commitments, the main text of this document provides, in addition to
the predictions themselves, information intended to help the readers judge
their significance. In providing such information, documents like this one
can use three convenient methods: comparison of a predicted dose with the dose
received from naturally occurring background radiation, comparison of a pre­
dicted dose with official standards intended t() insure public safety, and es­
timationof the health effects that might arise from a predicted dose. This
appendi~ briefly discusses these three methods of interpretation and explains
how they are used in this d<:>cument.

The remainder ,of this appendix is primarily a short summary of ,the more
complete discussion in the draft generic environmental impact statement (GElS)
on the Management of Commercially Generated Radioactive Waste (U.S. Department
of Energy, 1979),. This appendix is not intended to be a complete tutorial
essay on the effects of low-level radiation, nor does it take a position in
the current controversies about the effects of low-level radiation. Interested
readers can find full discussions elsewhereJ the GElS, for example, contains
an extensive list of references, only a few of which are repeated here.

0.2.1 Method 1: Comparison with Natural Background Radiation

All peopl~ are exposed to radioactivity from natural sources. Cosmic rays
from space arrive const~ntly at the earthJ people receive radiation doses from
the rays directly and from interactions between the rays and matter on earth.
People also receive radiation doses from terrestrial sources: radioactive
eJ,ements that exist'in the earth's crust and in living tissue and r~dioac.tive
elements that are produced when ,cosmic rays interact with stable elements. '
Because some pf the radioactive elements exist inside the human body, the
terrestrial sources contribute internal radiation doses as well as external
radiation doses.

The doses received from these natural radiation sources vary from place to
pla,ce. For example, the dose from cosmic rays increases with elevation, the
average dose at about 6600 feet above sea level being double the dose at sea
levelJ the external dose from terrestrial sources is higher in places where the
rocks near the surface of the ground are richer in natural radioactive elements.
The GElS ,contains tables and text describing the doses fromna,turalbackground
radiation, and, detailed discussions appear in the references cited there.
TableO~l, taken from the GElS, summarizes the average doses from natural
radiation. In' the text of this document the value usually used for the average
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whole-body dose from natural radiation is O~l rem per year, slightly lower
than the value in the table. This choice insures that the comparisons do not
overestimate background doses even though they vary from place. to place as :f

~ explained abov~;' When discussing. events in Idaho, the text uses 0.15~em per
year.because in that state the average annual dose from riatura~_radiation is:
about 0.17 rem.

Table 0-1. Estimated Annual Average Whole-Body Doses from
Natural Radiation in the United States

Source

Cosmic rays
Terrestrial radiation

External
Internal

Total

Annual dose
(rem)

0.045

0.060
0.025

0.130

This document uses natural-background doses asa reference for comparison
with the doses it pred icts • ,Such a· comparison is useful for at least two
reasons. First, the natural-background dose has been reliably measured and is
well understood, it is a number that is not likely to change significantly
with new studies or with advances in the understanding of radiation effects.
Second, comparisons with. natural background are comparisons with radiation
levels that all people have experienced, readers may use their own feelings
about background radiation in evaluating the significance of the doses that
the WlPP may add to the natural doses.

In spite of these two reasons, some opposition to comparisons with natural
background radiation was expressed in public comments o~the draft of 'this
environmental impact stateme~t. Some commentors seemed to feel that in making
these comparisons the statement was tacitly assuming that natural-background
levels ar.e safe. Whether naturaL background radiation is<dangerous or not is
a complex question•• Some authors have suggested that as many as'50~ of human
cancers are caused' by natural··radiation. ;Othet investigators' have.pointed out
that this hypothesis is 'not supported 'by available data, such as the· observed
cancer rates in different: places where' natural radiation varies'widelYisome
investigators have. even found negative correlations between· natural radiation
and health effects. According to the majority of studies, the effects' of
natural radiation are so~.~all that they are likely to be undetectable among'
the effects of other sOurces of- human i11,health.·

Like the GElS, this document,does not take a position on the question of
whether natural background radiation is responsible for health effects in
human beings. It uses the doses received from natural background radiati9n
only as an easily understood reference. Reasoning from the information that
the predicted doses are lower than natural-background doses, members of the
pUblic and government officials can decide for themselves whether radiation
from the WIPP would be significant.
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~2.2 Method 2: Comparison with Official Standards
"',-

Radiation standards are set at levels·· that, in the judgment of experts, .w
will prote£tpeople from ill effects. 'Comparing predicted dOSes with these ~

standards is;-1;herefore, a simple way of identifying doses that cart be labeled
"safe" in a way that has a well-defined meaning.

A difficulty with explaining radiation doses by such comparisons is the
confusion that can arise because standards are subject to change. The agencies
that set radiation standards have, in fact, recently received requests both to
lower'and to raise some current· standards. A further confusion sometimes
arises because the standards that apply to members of the general pUblic are
different from those that apply to workers in industries that use radiation.
For these reasons, this document seldom uses official standards as a reference
for comparison with predicted doses.

0.2.3 Method 3: Estimates of Health Effects

Acute effects

The doses predicted for the routine operation of the WIPP are too .low to
produce acute, or prompt, health effects, which appear only at higher doses.
According to the National Council on Radiation Protection and Measurements
(1974a, pp•. 44-46), changes in white blood cells are not found easily at doses
below 50'iem~' .Specialized analyses of chromosomes can detect changes from
doses in the range of 5 to 25 rem, but "the biological significance, if any,
of these changes is unknown at present.". The lowest doses that produce vis­
ible evidence that a person has been affected by radiation are in the range of
75 to 125 rem, which is the "minimal dose likely to produce vomiting in about
10% of people so exposed~n The routine operation of the WIPP is not predicted
to deliver doses in even the lowest of these ranges.

The analysis of accidents during the transportation of waste predicts
upper-limit dose conunitments of 3T rem.to the bone from the worst accidents,
which are highly unlikely..These doses would be delivered over a 50-year
period and would therefore not be expected to produce acute health effects.

"The only higher doses predicted in this document appear in the analyses
that study upper limits to intentional destructive acts (Chapter 6) and to
hypothetical long-term releases of waste left in storage at Idaho (Appendix N).
These whole-body dose:conunitments might reach levels that would produce nausea'
and vomiting in some people if the doses were delivered in brief external
expoSures rather than over 50 years. While such prompt effects are not to be
expected from 50-year dose' conunitments, it is difficult to predict whether they
migh~.occur at some time during the 50 years. As the National Council on Radi­
ation Protection and Measurements points out, there are no reliable data on
the relation between internal dose and whole-body external dose (l974b, p. 37).

Delayed effects

Although there is little possibility of acute illness from the doses pre­
dicted in this document, exposure to them might be expected to produce effects
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noticeable after times measured in years. These delayed health effects are of
two types: somatic effects, which are principally cancers, and geneticef­
fects, which ar isefrbm alterations or· rearrangements of genes in living
cells.' The GElS lists fou'r kinds of disease associated with genetic. effects,
and it.points out that there may aiso be. other genetic influences on physical
and mental health. Because these other influences arep06rly defined, how­
ever, the studies that try to predict the genetic effects of low-level radia­
tion simply assume values that appear to be the highest possible ones.

Using health effects as a method of explaining radiation doses has the
apparent advantage that the public can understand numerical predictions of
deaths more easily than predictions of doses expressed in unfamiliar units.
The. disadvantage of using health.effects is that interpreting predictions of
possible deaths is less simple than it might appear to be; the scientific
basis for such predictions is complex and controversial.

The complexity and controversy stem from the difficulty of measuring the
effects of low-level radiation. The doses predicted in this statement lie far
below the doses for whiph health effects in people have been measured directly.
Almost all of the directly measured data are for doses near 100 rem and higher;
they show that the magnitude of health e'ffects increases with the radiation
dose (Figure 0-1). To predict the effects of lower doses requires extrapola­
tion of these data, and ex~rapolation to dose~like those predicted for the
WIPP is subject· to large uncertainty; the doses £I.-om the routine operation of
the WIPP generally lie: in the range below 0.1 rem, a thousand times lower than
the direct measurements. Some,authorities feel that the direct data can be
meaningfully extrapolated to lower doses simply by drawing a straight line on
a graph that shows health.effects as a function of dose (Figure 0-1). Other
investigators feel that this .lin.ear extrapolation underestimates health ef­
fects at low doses; they prefer a "super linear" extrapolation like the one
shown in Figure 0-1. Still other investigators feel that at low doses the
human body can at least partially repair the damage induced by radiation; this
theory would support an extrapolation like the one labeled "sublinear" in
Figure 0-1.

It is difficult to decide exp,er imentally which extrapolation .procedure is
correct, because the effects of radiation at low doses are almost impossible
to separate from similar effects exerted by other agents in the biosphere. In
the absence of de~initi~~,exp,eriments" ,;,most groups of experts recommend the use
of the linear hypothesis for making predic~ions intended to protect the health
of the public. The predictions made:in this ,document therefore'implicitly con­
tain the linear extrapolation. " Because the linear hypothesis remains unproved
at low doses, however, the health.effects.of radiation doses·below natural:­
background levels must, Qe. predicted as possibilities, not as ,:certainties.

For the interpretation qf radi,ation dQses'; the GElS presents "r isk factors"
that convert predictions of population doses to predictions of health effects.
These risk factors were derived from the literature dealing with the somatic
and the genetic effects of low-level radiation. A discussion of the derivation
appears in Appendix E of the GElS. For convenience, the references consulted
in the derivation are listed here: the BEIR Report issued by the National Acad~

emy of Sciences (1972), the uNSCEARReport issued by the United Nations Scien­
tific Committee on the Effects of Atomic Radiation (1977), publications on the
uranium fuel cycle issued by the U.S. Environmental Protection Agency (1973a,
1973b, 1976), the Reactor Safety Study issued by the U.S. Nuclear Regulatory
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.Radllrtion dose (rem)

Linear extnpoletlon
of existing data

Suggested methods of determining the effects
of low-level radiation by the extrapolation of
existing data for high levels. For clarity, the
'curves exaggerate the'differences from -the
linear extrapolation..Predicted doses ,from the
WIPP are mostly in the dose'range below 1
rem, where extrapolations are highly uncertain.

Figure 0-1.

,. :.

No direct 'r-'i,.Idata exist --.
, in this nnge . . ...

Commission (1975), and a report issued b¥ the Medical Research COuncil in
England (1975).

Table} 0-2, taken from the 'GEIS,lists thehealth-,effects risk factors used
in this statement. There are two types of risk factors in Table 0-2: those
expressing somatic effects as numbe~s of fatal cancers and those expressing
geneticJeffects.' The somatic effects are further'divided among cancers aris­
ing from four different kinds of exposure. The health effects predicted by
the risk factors in Table 0-2 are delayed effects· that would occur years after
the exposure. The predicted deaths would occur throughout· the iifetimes of the
people who receive the doser the genetic effects are the total numbers" that
would occur in all generations after the exposure. Because the r.eports listed
above do not agree on single values for each of theSe risk factors, the entries
in Table 0-2 are ranges that encompass the reported values.



Table 0-2.
.\

Health-Effects Rfsk Factors Used in This Statement
\

Type of effect

Fatal cancers from
Whole-body exposure
Lung exposure
Bone exposure
Thyroid exposure

Genetic effects in all generations
from whole-body exposure

\

\

Predicted fncidence '
per 1 million man-rem

50-500
5-50
2-10
3-15

50-300

The risk fac.tors ,in Table 0-2 can be explained by th, example of whole­
body exposure. If a population received a total whole-body dose of 1 million
man-rem, the number of fatal cancers ,induced' by the exposure might lie between
SO and 500. Such a population dose could arise, for example, if each of 1
million PeOple received a dose of 1 rem, it could arise if each of 100 million
people received a dose of 0.01 rem. '

Table 0-3 illustrates the use of the risk factors. It presents the n~
bers of fatal cancers that might develop if populations of various sizes re­
ceived whole-body doses"of,various magnitudes. The risk factors that count
other effects of exposure can be used similarly.

Table 0-3. Illustration of the Use of Risk Factors To calculate
Radiation-Induced Deaths

Population

'10,000
10,QOO

100,000
100,000
100,000 : .
100,000

1,000,000

'Average wh9le-body
dose (rem)

0.01
0.1
O~OOI

0 .. 01
0.02

-'0.1
0.1

0-7

Population dose
(man-rem)

100
1,000

100
1,000
2,000

10,000
100,000 .

-Predicted
fatal'cancers

0.005-0.05
0.05-0.5

0.005-0.05
'0.05-0.5

0.1-1
0.5-5

5-50
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Appendix P

COMMENTS FROM FEDERAL AND STATE AGENCIES
ON THE DRAFT ENVIRONMENTAL IMPACT STATEMENT

FOR THE WASTE ISOLATION PILOT PLANT

This appendix contains comments from Federal and state agencies on the
draft environmental impact statement for the Waste Isolation Pilot Plant. Only
the cover letters of the state government agencies are presented in this appen­
dix. Copies of these comment letters in their entirety as well as all letters
received from citizens groups and private persons, are available for public
review at the following DOE public reading rooms:

Albuquerque Public Library
501 Copper Avenue Northwest
Albuquerque, New Mexico 87102

Carlsbad Public Library
Public Document Room
101 South Ha1aguene Street
Carlsbad, New Mexico 88220

Hobbs Public Library
509 North Shipp
Hobbs, New Mexico 88248

Thomas Brannigan Library
106 West Hadley
Las Cruces, New Mexico 88001

Roswell Public Library
301 North Pennsylvania Street
Roswell, New Mexico 88201

New Mexico Technical Library
Campus Station
Socorro, New Mexico 87801

Zimmerman Library
University of New Mexico
Albuquerque, New Mexico 87138

National Atomic Museum
Kirtland Air Force Base - East
Albuquerque, New Mexico 87115
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.Y.E~T HANCE
\eYM DI....ICT. Tad

ftongrt,U,U of tbt 1tniteb &tates
.OUSt of l\tpresentatibt.
8IdJJfnpm, a.~. 20515

May 25, 1979

Mr. Eugene Beckett
Department of Energy
WIPP Project Office
MS B-107
Washington, D.C. 20545

Dear Mr. Beckett:

Dl8TltiCT CW,..CII.

PUlER'lL BuILOIHQ. Roo.. I"
LuMoctc. TIEXAS 7lIGl

(801) ""'111

"UlEII'lL BulLOIHQ. ROOM zoe
MIIX.ANll. TEXA. 71701

(lIS) IIJ-U07

You will find attached written comments for inclusion
and consideration at the public hearings being held
on the draft environmental impact statement, DOE/EIS­
~26-D, Waste Isolation Pilot Plant, Eddy County,
New Mexico.

If you would please 'keep me advised as to the progress
of this project, I would appreciate it.

Sincerely,

Kent Hance

KH:mpo

Attachment
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2. There have been earthquakes as recently as the spring of 1978 in Winkler County,
Texas, which is adjacent to Eddy County, New Mexico, the location of the
proposed WIPP site.

ECTOR COUNTY DEMOCRATIC WOMEN'S CLUB
P. O. BOX 2944

ODESSA, TEXAS 79760

.!:,-;

Waste Isolation Pilot Plant
Near Carlsbad, New Mexico

Re:

May 18, 1979

1. According to the hydrological studies conducted there are high pressure deposits
of natural gas and water underlying the site which are potentially dangerous
if the high pressure gas should ever force the water into the lHPP site.
These natural gas deposits are potentially valuable sources of natural gas, but
the WIPP site will remove them from usefulness.

3. The aquifers of southeastern New Mexico and southwestern Texas are too close to
the chosen site. If any leakage should occur and seep into these water supplies,
it could pollute a portion or the entire water supply of the area.

, addition wastes being delivered to the plant would be transported through the State
f Texas, which is certainly a potential hazard to residents along the route.

f,'however, the Carlsbad site is chosen we would like to see the following safeguards
lstituted as recommended by the League:

1. There should be monitoring of the mine until the mine site is no more radioactive
than the natural radioactivity of the region.

2. There should be monitoring of private and public water supplies of southeast
New Mexico and southwest Texas as long as it is necessary to monitor the mine.
The monitoring should be at the expense of the United States government, not
at the expense of the individual water user.

>ear Congressman Hance:

he members of the Ector County Democratic Women's Club are opposed to the building of
he Waste Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico. The club, reached
his decision after consulting with members of the League of Women Voters of Odessa t

exas, and reviewing the League's in-depth study of this pilot plant. We agree with
he League that this site is not sufficiently safe for long-term storage of large
uantities of nuclear waste for the following reasons:

.fle HOAorable Kent Hance
rhe House of Representatives
1039 Lqngworth Building
4ashington, D. C. 20515



The Honora~le kent Hance
May 18, 1979
Page 2
WIPP - carlsbad. New Mexico

3. If pollution of any water supply should occur from the Waste Isolation Pilot
-Plant. the water supply should be replaced with potable water. ·This good. usable
water should not be at the expense of the property owner/owners. but rather at
the expense of the United States government.

4. There should be security provisions for the transportation of the radionuclear
waste'to the site.

5. The radioactive waste should be isolated in as retrievable a manner as possible.
pending future technology when the waste can be safely disposed of or util ized
for fuel.

We feel confident that you will weigh these considerations carefully and help protect
the residents of Texas.

Sincerely yours.

~~~
Mrs. Gene Ater
President
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Dear Mr. Beckett:

June 26, 1979

UNITED STATES ARMS CONTROL AND DISARMAMENT AGENCY
WASHINGTON

The U.S. Arms Control and Disarmament Agency (ACDA) has
reviewed the Department of Energy's draft Environmental Im­
pact Statement (DOE/EIS-0026-D) on the proposed Waste Isolation
Pilot Plant (WIPP) which was forwarded to us for comment by
Assistant Secretary Clusen's letter dated April 18, 1979.

"An ISF would also provide valuable experience in
constructing, operating, and maintaining facilities
and equipment for waste packaging, handling, trans­
porting, emplacement, and retrieval," and
"Exercising the licensing process for at least one
ISF at an early date would be extremely useful prep­
aration for the later licensing proceeding of the
first full-scale repository."

We recognize that these statements appear as part of a verbatim

. ACDA would prefer to see .more emphasis placed in the
draft EIS on the importance to our national nuclear waste
management program of the intermediate-scale facility (ISF)
demonstration component of the WIPP project. This eQuId be
handled relatively easily by placing additional balancing
text from the Interagency Review Group Report (1979, p.S5) at'
the end of the third paragraph on p. 2-15 of the draft EIS.
Specifically, we would suggest using the following statements:

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

GENERAL COUNSEL
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reproduction of selected IRG material in Appendix C, but
believe they are likely to be overlooked if not included
in the main text.

In this regard, it is important to keep in mind that
progress in demonstrating that nuclear spent fuel can be
stored acceptably in geological respositories has important
implications for U.S. nuclear non-proliferation policy.
Again quoting from the Interagency Review Group Report (1979,
p.GS):

While it is difficult to predict what impact any
particular strategic planning basis for the United
States waste disposal program would have on other
countries, it is fair to say that a strategy per­
ceivedas indecisive would almost certainly reduce
our influence on achieving overall non.,..pro1iferation
objectives at the international level. This is
important to the United States because of our con­
cern about possible proliferation consequences of
nuclear power, our need to influence other countries
with regard to the feasibility of permanent disposal
of spent fuel, and our desire to protect the global
environment by working with other countries to devise
acceptable approaches to spent fuel management and
waste disposal.

The ISF demonstration could be an important factor in convinc­
ing other nations that the U.S. is moving decisively ahead in
solving its spent fuel management problems.

p-g
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Since this is a new pilot undertaking, we were not able to
review the adequacy of the design objectives for meeting
radiation protection standards associated with potential
individual doses.

-DEPARTMENT OF HEAL~ E:DUCATION "NIt WEt~~E
OFFICE OF THE SECRETARY

WASHING••P.WS.C:~

Mr. Eugene Beckett
WIPP Project Office
U.S. Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

Thank you for the opportunity ~o rev lew the Draft Environ­
mental Impact Statement (EIS) for Waste Isolation pilot
Plant (DOE/EIS-0026-l). We offer the following comments
for consideration in preparing the final EIS.

The impact statement does not contain a specific criteria
for radiological protection relative to general population
exposure and occupational exposure. The summary of major
impacts described in Table 3-10 is presented as a percent
of background radiation for the general population and the
current standards for occupational exposure. In order to
enable a better evaluation of the radiological impact, DOE
should include a discussion of the radiological protection
criteria that they consider applicable to the Waste
Isolation pilot Plant (WIPP) operation. Furthermore, such
cri teria should address the range of doses that DOE con­
siders acceptable as a result of accidents. For example,
on page 3-15 the EIS states that as a result of drilling
into the stored spent fuel 100 years after a repository is
sealed, the drill-crew geologist could'receive a dose of 90
rem (18 times occupational dose of 5 rem/year). Please
note that section 2.2 and Appendix G of DOE/EIS-0046-D en
the management of commercially generated radioactive wastes
contains such a discussion.

In assessing the acceptability of the proposed WIPP, the
radiological impact from transportation, normal operations,
operational accidents, and long-term impacts are critical
considerations. Section 1.4 presents an environmental
analysis of alternatives. A summary table or matrix showing
the radiological impact of each alternative would serve to
more clearly identify such impacts.
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There needs to be a discussion of the facility emergency
plan, particularly with respect to coordination with state
emergency radiation plans. Such a discussion should also
include coordination efforts with local medical facilities.

There is insufficient information for determining whether
environmental pathways and models provide accurate estimates
of doses that the population would be subjected to under
normal operating conditions and accident situations.

Section 9.2.10 describes the impact of routine releases
of radioactivity from facility operations. The estimates
of population and individual exposure are estimated using
the AIRDOS-II Code. It is not evident from the presenta­
tion that there are uncertain ties in the input data that
should be identified. It would be helpful to know the
range of doses associated with the estimates presented in
Tables 9-17 through 9-27.

The use of AIRDOS-II Code to compute doses to populations
from environmental pathways as a basis for population dose
carries with it an -accuracy connotation that mayor may not
exist. It is not evident from the DEIS or its reference
that the dose model has been verified by means of field
testing and analysis of real time monitoring data.

Finally, the impact statement lacks information on moni­
toring associated with drinking water, human food, animal
feed and their products, such as milk, and the disposal
of radioactive plant wastes.

s~i.r::::-urs~

Charles Custard
Director
Office of Environmental Affairs
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. Honorable Ruth Cl usen
Assistant-Secretary for Environment
Department of Energy
Washington, D.C. 20545

Dear M's. C1 usen:

Thank you for your l~tter of April 18, 1979, transmitting copies
of tne draft environmental impact statement for the Waste Isolation
Pilot',P1ant, Eddy County, New Mexico.

As you may be aware, the IRG review of the nuclear waste management
program as well as the DOE draft Environmental Impact Statement for
Commercially Generated Waste has identified a number of outstanding
scientific and technical concerns associated with the disposal of
high-level and transuranic wastes. Many of these concerns are
reflected in our comments on the review of the WIPP GElS since the
WIPP GElS contains proposals for the disposal of high-level and
transuranic wastes. We are also aware that the WIPP project has
been substantially altered in the FY 180 authorization process and
that the President is currently deliberating the role of the WIPP
Project in the overall nuclear waste management program.

Our comments are principally addressed to the proposal contained in
the WIPP GElS and specifically to the disposal of high-level waste/spent
fuel at that site. From a NEPA and FLPMA viewpoint, we believe the
current GElS wi 11 have to be substantially revised and suppl emented
in order for this Department to make use of it in support of any land
withdrawal decisions we may wish to make at that site. Thus, our
specific concerns are discussed in each of the sections below with
a view that DOE I s subsequent impact statement wi 11 be reviised to take
into account our concerns. especially those concerns unde~ FLPMA.
We will be pleased to work with you in the revision of the WIPP GElS

. to the extent that we have the capability to do so.

ER 79/388

United States Department of the Interior
OFFICE OF THE SECRETARY

WASHINGTON, D:C. 20240

OCT 3 1979
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R~l~tionship to the IRG Report

The President has recognized the immediate and long-term problems of
nuclear waste manageme~t. In March 1978, he established a Federal
Interagency Review Group (IRG) for nuclear waste management. The IRG
published a final report in March 1979 specifying recommendations for
the overhaul and reorientation of the, Federal Government's waste manage­
ment program. Additionally, the IRG work is considered to be the
baseline of policy expertise in the Federal Government. The IRG report
devotes considerable attention to the development of an intermediate­
scale facility. Although the IRG report does. provide that the.
intermediate-scale ,facility could be contemplated at the WIPP site,
the IRG also defines a.,process of site selection for high-level, spent
fuel, and transuranic wastes in differing geologic media in diverse
geologic environments.' The final statement should evaluate the WIPP
Project in light of the IRG alternatives with a view of how the proposed
WI~P Project conforms with the recommended process laid out by the IRG.
This should be done in a thorough manner so that it can be readily
implemented.

For example, the IRG report indicates that although more is known about
the engineering aspects of a repository in salt than other media, on
purely technical grounds," no particular geologic host medium is an
obvious preferred choice at this time. The IRG report also indicates
that the capability must be developed to characterize and evaluate media
in a number of geologic environments for possible use as repositories
built with conventional mining technology. The WIPP DEIS only discusses
salt as a host medium! However, the IRG report discusses the existing
and potential alternatives for geologic and hydrologic conditions
necessary to store nuclear waste. Thus, the EIS is inadequate because
of the omission of a credible discussion of alternative geologic host
environments. This point i.sqistjn~t from prograrrmatic alternatives
for disposal of nuclear. wast~· such as buri,al at sea, rocketing the waste

. into outer space ,et,c,. . ,;"

The ultimate criter,i6n'f6t,'geolog'ic, host media is the. successful isola­
tion of radioactive,. was,te, (;I:RU ~.'HU~, etc.) for periods of time ranging
from 1,000 years to 250,000 years •. During such a long time frallle, a
number of factors may change including climate, geologic stability, and
the existence ~f man on earth, etc~ The WIPP DEIS does not offer a
credible discussion, in slmp,le ,English, of the expertise that would be
necessary to characterize the integrity of a nuclear waste disposal
site for 100,000 years or more, let alone provide institutional surety
that such a site could be maintained over that time period.
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The Environmental Protection Agency is now preparing final regulations
for standards on acceptable leve's of radioactivity in the environment.
EPA's standards are general rather than site-specific. The IRG and EPA
have recognized that zero release of radioactivity cannot be assured. .
The IRG urges that it is more feasible to defer the choice of waste
technol6gy so the ultimate'ch6iceof disposal options will factor in
EPA's criteria. The ,WIPP DEIS does not.address the need for applica­
tion of/the criteria toan.intermediate-scale facility. This issue
should be addressed' in the final, statement. Secondly, since the purpose
of the GElS is to ~sta,blish the scientific feasibility .of pursuing
min"edrepositories ,and defining the necessary supporting programs, e.g.,
R&D, etc., to accomplish that purpose, the WIPP EIS s~ould also address
the relationship between the ~llPP Project and the overall waste manage­
ment program and its specific role in the overall program.

Outstanding Technical Issues

We recognize that some of the proposals contained in the document may
be moot because of Presidential and Congressional decisions. Nonetheless
we have responded to the document as it exists.

Before any' waste is emplaced on a retrievable basis, the waste-form
question will obviously have to be settled. Before any waste that
produces significant amounts of heat is emplaced on a retrievable basis,
the exact mechanism and significance of migration of fluid inclusions
in the salt to the heat source must be determined.

Before large amounts of waste are emplaced on a nonretrievable basis,
the hydrologic flow system must be more completely characterized,
especially the question of radionuclide retardation and the details of
flow-through features in the Rustler Formation. In addition, the
permeability and effectiveness of backfill materials and the potential
for the successful sealing of shafts must be known. Assurances that
there are no large brine pockets in the vicinity of the site must be
available. A more precise estimate of long-term risk must also be made
including tectonic, climatic, or other factors which might initiate a rele
from the repository (such as by breccia pipe formation), shorten the flow
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path between the repository and Malaga Bend, or result in loss of
dilution by the Pecos River at Malaga Bend. Work on all of these
topics is currently underway.

Before a decision is made to proceed with licensing at the WIPP site,
the difficult issue of future human intrusion and the risk posed by it
must be resolved. Whether or not alternative sites and media are indeed
comparable in long-term risk, and superior or inferior as regards
attractiveness for, future intrusion" should be assessed at an early date.
An R&D effort to make these comparisons should be part of the national
program to achieve satisfactory means of waste disposal. These are all
significant technical i~sues that must be resolved before reliance on
the risk assessments model results as contained in the draft EIS can be
undertaken with any degree of confidence and credibility.

Format of the Draft Statement

The format of this environmental impact statement is disorganized and
confusing. For example, a description of the proposal should be
systematically set forth. Without a complete understanding of the
proposal, it is not possible to understand the impacts on the environ­
ment of that proposal. 'Unfortunately, the proposal is not clearly set
forth in anyone section in the EIS. That part of the proposal relating
to transportation of the radioactive waste is found in the first half of
Chapter 6. Other parts of .the proposal are found in the latter part of
Chapter 8. To learn of the waste forms that are part of the overall plan
one must turn to Chapter 5 and the central section of Chapter 5. The
description of geology, hydrology and archaeology are found in Chapter 7.
The land use description is partially located at the beginning of
Chapter 8 and partiafly in Chapter 12~ A description of the scenic,
historic and cultural resources is located in Appendix H in Volume 2 of
the document. Appendix I in Vohlme ,1 of the document contains a
description of three other environmental parameters. In other words,
the description of the ,environment is spread through three chapters and
two appendices. For the reader to put it together is a major undertaking.

Impacts from the proposal are likewise spread throughout various sections
in the document. In the alternatives cha~ter (Chapter 3) the alternative
of "no action" is' considered in two pages. HO\'/ever, this alternative is
not fully discussed th~re•. Part of the alte~native of "no action" is to
leave the waste in Idaho.~ The impact of that can be found in Section 7
of Chapter 9. Similar problems can be found within Chapters 6 and 9.
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We also recommend that additional effort be taken to reduce technical
jargon .to make the statement more understandable~ '. ,

We beli'eve that the exact nature of the proposed action must be described,
along' with alternatives to the proposed action,.theenvironmentalconse­
quences of the proposed action and alternatives; ,pnd. p,ossible tennination
of the;'withdrawal. ,This. site could be disqualified for technical or
institutional reasons, found to be ultimately unslJitable, or, alternatively,
retrievability problems could occur. We believe the draft E-ISfa.ils to
adequately analyze these issues. Moreover, the site characterization
and .evaluation fails to comply with the Federal Land Policy and'Management
Act of 1976 (FLPMA). and the National Environmental Policy Act of 1969
(NEPAl; and hence, is inadequate for the purposes of ,consi,dering ,a
withdrawal of ,public lands. Finally, if the Department of Energy has
changed the purpose of the WIPP since the draft EIS was released, then
the cur.rent document is inadequate by definition. In such case, a
supplemental EIS will be required ata minimum.

Analysis

The EIS contains outdated data and a consistent lack of an analysis of
the environmental impacts of the proposed action in a number of areas.
Additi'ona11y, a lot of facts and statistics are given, but pragmatic
analysis of the effects on the. environment of those facts and figures
1s lacking. Impacts are frequently split up into co~stitutent parts
and are not evaluated cumulatively. "For example, the analysis of the

,.impacts of noise by the operation of the plant is found in .Section 9.2.5
on page 9-26. It begins with a short statement as t9what noise"standards
are. ' ,Why this is contained in the impact section rather than t~e environ­
mental 'setting section is unknown. Moreover, the criteria used'are
outdated.Thecrit~ria ~sed were established by the Departmen~, of
Housing and Urban Development prior to the passage of the Noise Control
Act of 1972 and thus are outdated. Additionally, the applicability of

t;HUD standards ,(for urban areas) to a rural site is also unexplained.
We believe the use of more recent criteria developed by the Environmental
Protection Agency could alter this analysis. '

The ma\terialon noise is then broken down into six categories;, however,
" the :impacts in each of these c~tegories are not examined cum~latively.

For each category the EIS states what. the noise level is expecte~to be
, with no analysis of. \·/hat that nois~ level means. Severa.1.times .th,~

docuinentstates that wildlife "will become accustomed ll to the noise
level's. Hm·/ever, the probabi li ty ,of, or the length of time fo~,
wildlife acclimitization are not evaluated. Specific effects upon
wildlife from noise are not evaluated. .
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~p, ~he transportation, of the nuclear wastes the impacts of "intentional
destrlictiveacts~" discussed in a few lines,atSection 6.8, are dismissed

,~Y sayi,rlg tha,t the wa'stes ~re' packaged so well, the packaging could
h~rdly :'be breached. , And' if for some reason they are breached, there
'1o~ld;':b~:;;"relatively'limited·consequences." Evidence of analysis to
'tlPpor'f'1~~,~~'conclusion shbul'ifhave, 'been presented',- particularly since
~\;a,r~~-:~~aw~reof~hat' th~~t~te-~f-the-arton. pa'ckaging is today, or
wtiat 't~~--'Ipropq$'~d waste!:form 1S ll'kel'y to be Slnce the Department of
~nergy,,\~(je$rj't!plan mak.1'ng this' deCi'sion before ,the early' 1980's. In
addftipni'cohsiderab1eadditi'onalinfonnation about the transport of
ridiq·actJV~'~/as.tes'to ~~is'.specific $ite should have beeninduded.
""~,,,\~'}t::' ":):,~ -:'5":'~.,._j~~!~~'.~' " ... '. ..~ .' . ' '. .' ~:-

"'*.;,i~:~,iffi9ult;"tQ'find'any assessment of mitigation actions in
S~c'tiori·,Z9.1.5:~::, FQ.r~e'x~rilple, l,nder landscape restoration the analysis
~s;asif.~t19~~:\!!;.~t'.!h~ :comp~etion of con~tructioh!:'~l~are~s disturbed
by cons:t:ruct1o",'~nd "not,· requtred for pennan'ent faclh t, es' W1 l'l,be, re­
graded'and'see~ed;i"i~'Tha~-:is"the: entire discussion. , Issues such as
seeded ';lith, ~h,~~;;¥'or{~b~ ve~eta~i'on;,in wh~t' areas;' how large'~'f an area;
will the,resee(:hng'·wor~;what w1l1 be the 1mpactof the regradlng and
reseedjngof,the; are;~"a1','e nt:!veraddressed. This entire section should
be revisedtoass~s$ th~ effectiveness of the mitigation actions proposed.

:' '. < }'.. .. '; ~;.' • •

There~a~ been a Jot, of i"forma~ion;n the public press recently on
radiation exposure to:,iwo~kers; in uranium mines' and other high ,risk areas
,'over .pas:t years.W~beH~ve~,the·discussion of exposure should be'
,xpandedin the firl'a1 ',~t~'te.i11~nt~':Very little discussion of the indirect
'impacts on plant and' animal:·,life (1ivestock)~attributable to 'radiation
,e>eposure to soils 'an4';'f,6r_ag~1~pl~n1:snearthesitetnorat intervals from
~hat site has~een 'p'res~~t~:d,i:: ,!\dpi~i,Qn~l1y t anexpl anation ,should be
given as to how rCidioacf;ivity 'is;'>measuredand how'the various: units of
naeasurt:Frelate"to humao:::hea,lth':and'safety. The effects of ·certain
r.~diatl0n'doses'shoulc:15~~)i:lescribed:sothatthey may be compared with
ttlos~ 'po~sible'in.the';'r~pos1~ory;~'area based on dosage estimates:given in
the draft statemenl~;1.:;, (/.. , ">;" t ;,
.~,~ ',~ i,;' I,~. '~"':: I" \1'.)' :f' \l

The dra,ft statement utiHzes·th~ee:;sources 'of data, ;n~arioussed:ions
of the documenti:whichaddress'; the amounts of~'resources·:andreserves of
PQtasta,'lIlinera1i~a.tion pr~scl)t'inthe' WIPP':~l;ea'c -These sources-consist
of' the Geologica1,'Survey,' Open-fi'1 e 'Report 78~828, '197.8; U. S.. Bureau of
M1nes.r~porlt'N9.Vemb·er;197j:~:an~bthe Ameri!=:a'n),lns~i-tute~ofMi:nin'9"
Engineering 'rep()rtr'l978:"'larg€fdifferen~e~,ex~'st ,'in 'the~ resource-reserve
estfmatespresente,d:by',;these' diicuments.' ,These:'difference's 'are:,la'rgely
due tovar'iati'6rl's~,'in"'cr1teri:a :clio,sen' by' eadi:: soufce' to'~eva'ltiateresources
and reserves un'der:'~"~~'def,initi,6'i1sofGeol'ogH::a,f~,:Si.lrveYBulletin' l450-A.
Values used in'thedraft'statement have been selected and used without
any clear explimation' as to whythey'were' chosen.,
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There also appears to be littleevid~nce of follow-through in the
d,oc·ument. For example, ,Secti.on 9.2.13 is a discussion of mitigation
of impacts caused by plant operation. Three of the inlpacts mentioned
in the impact section on plant operation are (a) effe~ts of non­
radioactive-waste discharges, (b) impact. of routine releases of,
radioactivity, and,(c) radiation exposure of the work.force. These
three areas of impacts are not even mentioned in the mitigation section.
The EtS concludes that the proposed action and all of its aspects
t~roughout 100 years of its 'life,' including the'transportation of the
waste product, the excavation of the mine, the storage, the testing,
the various different radioactive waste products, potential accidents,
leakage, etc., and all impacts are small "save two ll

: first, a 10ng­
~ermdenia1 of access of 3 'percent of the United States reserves of the
mineral langbeinite and, secorid, if there is any drillin~ in the site

,during the ne~t rOO ye~rs, members of the driJ1 ing crew cou1dbe exposed
t(j 4bsesof lI above permissible occupational. exposures. II , In view of the
many'outstanding scientific and technical uncertainties. in the GElS,
we do not understand how these conclusions can be supported.

Treatment of Alternatives
,

Amosts~rious deficiency-in the WIPP draft EIS is its treatment of
alternatives. The entire di'scussion of alternatives is limited to
33 pages, approximately half of which is a discussion of the impacts
of the proposed action. Six other alternatives are ,discussed, five of
which relate to variations within the proposal and only one is an
alternattveout~ide ,of the proposal, namely, the "no action" alternative.
Three defic,ienCies exist:. (1) failure to treat a number of other
reasqnable alter.natives; (2) failure to provfde a sufficient analysis
of those alternatives which are considered; and (3). failure to comply
.with the provisions of FLPMA by providing analyses as to why the WIPP
site is the best site for its intended use under section 2b4(c). We
believe these must be remedied in the revised draft. '

There is some discussion i"n the EIS of sites 'in ~lashirigton and Oregon.
These' are lava formations geologically' identified as theColunibia River
basalts. This formation is very e.xtensive in southeastern Washington
and northeastern Oreg0r:J. Surface and subsurface management on many
trac~s in these areas is under the jurisdiction of this Department1s
Bureau of Land Management. As a result, we are concerned that the
statement does not identify environmental impacts for these alter­
native sites which may be on public lands.
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Additionally, the statement does not, contain sufficient data to identify
or uti li ze impacts on water resources, ,range 1and use for'l ive'stock
and wildlife, forestry, cultural resources, wilderness, a'reasof
critical environmental concern, o-i1 ~nd gas exploration and extraction,
and nonenergy minerals; nor: does it quantify impacts to aDY relevant
degree. The GElS deals only in generalizations withregar.Q to
environmental impacts associated with alternatives to theprQPosed
action. \~e believe these impacts must be more fully addres~ed in the
revised ElS. '.'..', .

Site Selection and land Withdrawal

The process of selection used between 1973 and 1976 to se1e~t'the
WIPP site included consideration of numerous alternative s'i,tes;in
salt environments 6n1y. 'The process also involVed the t~~~i,~ssumption
that complete containment would be provided by t~e s~lt f6r~ations.
Groundwater flow paths from the potential repository to the' biosphere
were considered in the analysis of alternate sites but not from a
regional viewpoint early in the analysis. Sorptive capacity of the
rocks along the flow path t as a significant, barrier to nuclide move­
ment, was not a factor in the site selection criteria (iibwers, et al.,
1978, p~ 9-23). The approach used to seleGt the WlPP site'reflected
the historical view at the time that salt would be the emplacement
medium. RecentlYt however, emphasis on thetotciJ geohydrologic
system in the site-selection pro~ess has become the key item of con­
cern. (Interagency Review Group, 1979, p. 42) While weare,
sympathetic \'Jith the notion that it is dif;ficult to retr6(H.new
criteria to existing sites, because of health and safety"cons'iderations,
we believe the WlPP site-selection process should be: reviewed in light
of recent technical findings and the sY5tems approach~' .

, .
An important criterion for: s'9itablegeol ogichost' formiiti'~Jls j s that
they have not been extensively·drilled, mi;ned~ or. a1terea by the hand
of man. This·is. also a p.rimecharacteristj~ for,.existil)g a"nd,potential
wi.lderness are~s.· The stCitement fails to 'discusS: ariy·'relatio'!1ship
between potential: altern9tive, georogk medja and po!)sible.,~'nVjronmental

impacts o~' the integrity of ex;'sti ng orpo.tent.i·a l.wi 1dern¢~s id-eas, such
as.the WlPP. site;- TheBur~tau..of Land Managemen't)sreviewlng public
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lands for potential ~i1dern~ss values under Section 603 of the Federal
land Policy and Management Act of 1976 (43 U.S.C. 1782), and Section 2(c)
of the Wilderness Act of 1964 (16 U.S.C. 1131). BLM's wilderness
revi,ew process and all identified potential wilderness areas must ,be
taken into consideration in any discussion of the environmenta1,impacts
associated with alternative geologic formations considered for nuclear
waste disposal sites. The Bureau's greatest concern is that the,site
selection, characterization, and evaluation process' will involve many
potential locations on public lands and subsequent application for
withdrawals for future sites, including alternatives to the WIPP site.
These must be addressed in order to comply with FLPMA.

A land withdrawal for 250,000 years is necessarily an irreversible and
irretrievable 'commitment of resources. A credible discussion of alter­
native sites should add,ress the relationship between current; local,
short-term uses of'man's environment and enhancement of long-term
productivity. The argument has been made in the statement that a
,demonstrated capability to isolate nuclear wastes in geologic host medi'a
'is n,ecessary to promote safe use of nuclear materials for the nation.
However, the trade-offs between storage of nuclear waste and existing
uses of public lands have not been given the attention they deserve in
the WIPP draft EIS.

For example, section 8.1.3 states that two 5-acre and two 20-acre
biological study plots will be formed out of control zone II. However,
there is' no discussion of the studies to be conducted there nor ,how
the results of this monitoring will be used to promote pUblic safety,
or prevent direct impacts of radiation on plants and animals. In
section 2.3.2 it is stated that 17,200 acres of public rangelands would
be required for the WIPP withdrawal, which, in turn, would require
cancellation of existin~ grazing and mineral leases. However,
section 8.1.3 also states that grazing would be allowed in control
zones II, 'III and'lV. There is no discussion of how this grazing use
,would be managed, either by BU1, the WIPP site manager, the State of
, Ne~ Mexico, etc. Similarly, there is a reference that mining may be
allowed in zone IV with no discussion of how this mining use would be
managed in a way 'not to interfere with the integrity of the repository.
Without this information it is not possible to quantify the'economic
effects of the withdrawal nor design a'lternative allotment management
plans to attempt to mitigate these effects.

As is the case for all withdrawals, compliance with the requirements'of
the Federal Land Policy and Management Act of 1976 and the National
Environmental Policy Act of 1969 is mandatory .. The requirements in
FLPMA and NEPA applicable to site characterization and evaluation of a
potential site are equally applicable to the proposed action and its
alternatives as described in the WIPP draft statement.
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The Department of Energy has described the WIPP site as being designed
for defense,wastes (TRU, HLW), and also for commercial spent nuclear
fuel. If the WIPP site is intended as a repository for high-level
wastes, and not merely for research and development, then the potential
environmental impacts of that proposed action, and alternatives, must
be described accordingly. failure to do so would leave the document
inadequate by definition.

In addition, section 9.2.10 descr,ibes the impact of routine releases of
radioactivity and exposure pathways in the environment, and section 9.3
describes the environmental impacts of accidental releases of radio­
activity on humans. A description is needed of the potential adverse
environmental impacts of the re,lease of radioactivity, planned or not,
on soils, plants, water; and especially the long-term effects of radio­
active residuals in the environment. It is not possible to completely
evaluate the short- and long-term impacts of the WIPP site on manage­
ment of adjacent public' lands ,without the above information.

The WIPP statement does not identify socioeconomic impacts of new
population moving to the area to build or manage the WIPP site. Such
impacts would include required increases in municipal services, infra­
structure, etc., and the parallel need for additional tax revenues or
other sources of funding to pay for these new services and infrastructure.
Additional,impacts might be created by increased demand for open space
and recreational use of the public lands, especially hunting, fishing
and ~se of off-road vehicles. further impacts would be experienced
after the employment associated with the construction phases left the
Carlsbad area. These impacts must also be addressed.

Unsuitability, Retrievability, and Termination
of the land Withdrawal

The WIPP site caul d ul timat~iybe disqual ifi,ed for techni calor insti tu­
tional reasons,; could be, found unsuitable, or, alternatively,
retrievability problems could occur. Additionally,-after' 10, perhaps
20 years, the Department of Energy may decide that an alternative site
or sites are more suitable for permanent storage of nuclear waste.
lfany of these events were to-occur, the waste then on the site and
all associated infrastructure wriuldbe removed and the project would be
terminated. Termination of the project and a withdrawal would
potentially involve either complete return of the site to multiple use
resource management o~ stipulations as to limitations on use.
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The draft statement should discuss how termination of the WIPPc site,
under a variety of circumstances, would take place and what limita­
tions or restrictions to assure public health and safety might be
necessary to return the withdrawal area to multiple use resource
management. In other words, the draft statement should indicate
whether any radioactive materials would remain, and if. so, how would
DOE arrange to prevent these materials from having adverse environ­
mental impacts on plants, animals, humans, and the environment in
general. '

Further, it is unclear whether retrieval is to be considered for
10 years or 20 years. Page 2-18 states (number 1, last sentence»
h • • • it can be retrieved during a 20-year period if it becomes
necessary to do SO.II This 20-year figure does not correspond with
the figure of 10 years given on page 1-2. The period for which waste
can be retrieved must be represented consistently as it has a direct
bearing on termination of the withdrawal if an alternative site is ever
sought.

These issues should be addressed.

Ground Water

It is stated on page 1-4 that the dissolution front at the top of the
Salado Formation is about two miles west of the center of the site and
is advancing toward the east at a rate estimated to be 6 to 8 miles per
million years. The location of the front is shown on figure 7-25. It
would thus appear that with current arid climatic conditions and current
hydrogeologic conditions the dissolution front at the top of the Salado
would reach the center of the site in about 250,000 to 300,000 years.
Furthermore, because changes in climatic conditions are realistically
probable within the time frame involved (e.g., U.S. Committee for the
Global Atmospheric Research Program, 1975, Understanding, climatic
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change, a program for action: National Academy of Sciences, Washington,
D.C., p. 182-190), the statement should also assess "worst-case" effects
with respect to the dissolution front that may result from great
increases in precipitation. Page 7-75 of the statement suggests that
current rates for the dissolution of salt may be slower than those
suggested by present geologic conditions; however, an adequate analysis
should include effects of the progression of the dissolution front
through the project area both wit~ and without accelerated solutioning
such as that apparently produced by climatic change during Wisconsin
time. Inclusion of at least brief discussion of present knowledge of
past and probable future climatic change would aid in the assessment.

It is stated on page 7-66 that lows in·the potentiometric surface of
the Santa Rosa Sandstone aquifer suggest recharge into underlying rocks,
possibly through collapse zones. Because the underlying Dewey Lake Red
Beds are. said to function .as a confining bed (p. 7-65), the regional
extent of the Dewey Lake be~s should be discussed and the possible
significance of such downward leakage should be assessed for the
vicinity of the proposed project.

Mineral Resources

A major weakness of the statement is that it failed to address properly
the mining problems associated with developing an underground disposal
site. Major concerns are the stability of the opening and disposal of
mined waste material.

The impact of the surface disposal and storage of the mined rock can
be lessened by lining the storage site with hypalon liners and using
chemical stabilizers to control wind and water erosion, if the salt
crust is not sufficient. Then, after the mined material is returned
to the underground areas, the site can be restored.

It is likely that 'some ground movement will occur; however,with the
improvements expected in underground backfilling technology, surface
subsidence. and induced faulting o.f the overlying strata could be
negligible. If significant' faulting did occur,- some groundwa'ter
penetration could be expected. .

The statement did not discuss the necessity of groLind ~ndsurface water
monitoring (i.e., equipmentl

, sampling grid, amount an'd time intensity
of gathering data). This subject should be discussed,in the final
statement. The statement should 'also review the problems of maintain-
ing water quality in a disposal sft.e.' . J, .
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One potentia1.accidentscenario that should be included in Section 9-3
is the possibil ity of an undetected highpre.ssure gas pocket located
near the stor~ge facility. Over periods of time, carbonaceous material
will tend to decompose and produce gases which may build Up· pressure
to the point of fracturing the formation, thereby comprising its integri1
Moreover, during the operating life of the disposal site; the potential
for fire arid explosion is present whether originating from spontaneous
combustion or leakage of methane or other gases. In the confined space
of an underground mine. such a fire is usually more serious and more
damaging than it would be above ground•. Consequently, we urge that
all wastes, including radioactive combustibles. be placed in a chemicall,)
stable condition before emplacement in the repository.

There is a great deal of discussion on heating of the bedrock and
subsequent effects on aquifers and surface uplift. Of equal importance
is the deformation of the rock during and after the cooling stage.
Generally. fractures and microcracks generated in the bedrock from
thermally induced stress would tend to open during cooling and affect
air and water flow patterns through increased permeability.

WIPP will not impact significantly on domestic reserves of sylvinite
and this uspect of the draft report will not be addressed here. However,
according to 10-K reports filed for 1978 by two langbeinite producers,
the total U.S. reserves of recovered langbeinite. all near Carlsbad,
is 11 million short tons of K20 equivalent. The 4.4 million K20 tbns
of 1angbeinite identified in the WIPP site in our IPOC November 1977
report for DOE then equals about 40 percent of Carlsbad reserves of
this material, instead of the 11.6 percent given in the third paragraph
of page 9-20 of the subject report. The total langbeinite resource in
the Carlsbad area is unknown although a consulting firm, Agricultural
and Industrial Minerals, Inc., has recently estimated it to be
14 million tons of K20. We suggest that this is overly·conservative.

Total langbeinite capacity of the two producers is about 300,000 tons
per year. It follows, then, that 1angbeinite reserve in the WIPP site
would be depleted in about 15 years at. the current rate of extraction.
The 5-year depletion figure given in the first paragraph of page 9~18.

of the subject report is, then, incorrect.

The statement contains two other errors on page 9-20. First, the third
paragraph gives langbeiniteresource and reserve inK20 equivalents;
thissho~ld be as langbeinite which contains 22 perceht K20 and the data
should be multiplied accordingly by 0.22 to give resourte'and reserve
figures of 13.9 and 8.4 million tons of K20, respectively. Second, the
fourth paragraph shows a langbeinite mining rate that is about 3 times
too high; the actual current rate is roughly 300,000 tons per year of ~.
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The obvious conclusion from all of the above ;s that the 1angbeinite
reserves in the Carlsbad area will be impacted by WIPP more significantly
than indicated in the subject report. However, the seriousness of this
is decreased greatly by the, followi ng factors: {a} about three-quarters
of the 1angbeinite reserves in the WIPP are in outer zone 4 of the site
and could, according to a likely scenario, be nlined at a later date,
perhaps in this century, (b) mixtures of potassium sulfate and
magnesium sulfate, both of which are in ample domestic reserve or can
readily be synthesized, appear to be a viable alternative to 1angbeinite
for agricultural use, and (c) loss of the 1angbeinite reserve in the
WIPP si te would not threaten the economic stabi 1ity of the Carl sbad area
o~ the United States. Nevertheless, we believe that this problem of
the withdrawal of mineral resources in the WIPP area should be more
fully addressed in the final statement.

A more basic concern, however, was never addressed in the draft state­
ment. The single Waste Isolation Plant may not have a significant
impact on the mineral resources nationally; however, this is just a
pilot for a number of similar facilities. If these are all to be
located in similar salt depo~its, the potential loss of mineral resources
for the vital production of food and energy may be quite significant.

',On page 11-1 the document states tha t deve1opment of_the repos i tory wi 11
deny access to 25 billion cubic feet of natural gas, and 350,000 barrels
of distillate. This denial seems to be a high price to pay for a dump,
albeit a very necessary one. For this reason, the final statement
should include projections on the number of Waste Isolation Plant sites
needed and the future demand for the mineral resources. This informa­
tion may show that alternative burial m~terials should be used in
preference to salt that is in close association with agricultural
minerals and petroleum resources.

i

The geology sections o~ the statement should mention the potential for
scientifically valuable fossils, especially in the Rustler formation.
Page 9-11 should contain a discussion' of the actions which \'JQu1d be
taken to preserve anyscientifically valuable fossils if found on site.

cui tural , Resources

We are pleased'to see'the'extent of the Department of Energy's commit­
ment to protecting the ar.cheological resources of the Waste Isolation
Pilot Plant (WIPP) area. ,However; we wish to point out that the 10ng­
termmanagemeht Of the area, \'/hi ch inc1 udes nearly 20,000 acres, requi res
more than project7specificarcheb10gical survey and mitigation work ,
confined to control zones.I an~ II and proposed rights-of-way. Although
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much of the area will not be directly affected by the physical facil­
11ities and construction associated with the WIPP, at least 11,400
acres will be available for oil, gas and potash development leasing,
and the entire area is open for stock grazing. Therefore, as mandated'
by Executive Order 11593, section 2(a), the Department of Energy should
initiate surveys of all the area as soon as possible in consultation
with the New Mexico State Historic Preservation Officer in order to
identify the archeological or other cultural resources under its
jurisdiction and control.

The final statement should include plans for avoidance and/or mitigation
of the 33 archeo109i ca1 si tes determi ned e1igi b1e for· the Nati ona1
Register as an archeological district, future cultural'res'ource manage­

,ment for the area, and the appropriate recommendations ~nd opinions of
the State Historic ·Preservation Officer and the Advisory Council on
Historic Preservation. '

Recreation

The impact of the additional workforce on nearby recreational areas
should be addressed. It is mentioned that the primary recreational
use of the pr:oposed site is for hunting. However, it is not mentioned
if this use or other recreational uses will be permitted on those
portions of the site which will not be extensively developed or utilized.

This project does not appear to have impacts or potential impacts on
any existing unit of the National Park System or on areas under study or
recommendation for possible inclusion in this System.

~he WIPP System: Long-term Impacts

The long-term effects, which are the center of earth science concerns
for all hazardous waste repositories, are judged in the statement to be
very slight, based on a consequence analysis in which the worst possible
future scenarios are postulated and their long-term effects calculated.
The judgment that long-term effects will be slight stems partly from the
low concentrations and low total amount of some radionuclides proposed
to be emplaced in the WIPP. If it were planned to emplace higher concen­
trations and amounts of these nuclides, a new EIS would be required. If
a decision is made to incinerate TRU waste as a criterion for acceptance
at WIPP, a substantially larger amount of TRU could be disposed of than
1s considered in this EIS. Such a decision is very probable because of
gas generation from radiolysis, hydrolysis, and bacteriological activity
in nonincinerated TRU wastes, and also the hazard from mine fires in non­
incinerated waste. The waste form for incinerated TRU waste (presumably
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a concrete?) should contribute an as yet unspecified amount toward
commitment. The low level of effects in scenarios involving moving
ground water also stems from ,the assignment of significant retardation
for certain long-lived nuclides along the natural flow path from the
reposf£ory to its present discharge point. The actua.l degree of
retardation has yet to be determined in situ orin comparable rock
systems. This optimistic assumption regarding retardation is partly
offset by the pessimistic assumption that the release rate for the
waste is the same as the rate of dissolution of salt in the invading
waters. These' l~tterassumptions are necessary because the fonn for
the TRU waste has npt yet been specified. Thus, this EIS does not
fully evaluate the total waste disposal system at -the \HPP and vicinity
because significant parts of the system are either unspecified {waste
form and total amoun~ or uncertain (retardation effects).

The natural geohydro10gic system at the WIPP site and vicinity appears
to be favorable for containment in many respects. The postulated flow
path from the repository to discharge is relatively long and the estimated
times of water transit range from 5,000 to 100,000 years depending on
the hydraulic conductivity used in the calculations. This hydrologic
path should provide a barrier for the short-lived fission products. from
the spent fuel •. -Water movement is downward in the rocks above the flow
path along its length making the likelihood of short-circuiting by natural
or human activities·slight.. This water would also be nonpotab1e and
unlikely to be utilized by humans. The transit time in itself is not
an adequate barrier, however, for the long-lived transuranicsi signifi­
cant retardation -must take place along the path ·if the dissolution rates
are as assumed. Sandia has begun experiments to detennine the degree of
retardation, and the results are encouraging. There are many acknowledged
uncertainties, however. One of the principal uncertainties concerns
the extent of retardati'on in the Magenta and Culebra members in which
ground water flow is largely through fractures in dolomite and dolomitic
sandstone.. In such flow, ;the~'flulds -may be ·in contact with much less of
the sorbing materials than they~wou1~be in flow through a porous
medium. If retardation in the Magenta and Cu1ebra is substantially .
reduced for thetransuranics, concentrati6ns of these nuclides in the
Pecos River at 'Malaga Bend 'wQu1dstill be low but considerably closer
to the background .un1ess·1each times were on the-order of 106 ,to 107
years (see GElS,iIPP. I, fig. 1.3) .,'GiVen ·therecent increased concern
with low levelS of radiation, whether such a risk would be acceptable
is not clear. . The possible effects of lower retardation are not
discussed in the-EIS~ '. ;.
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The same uncertainties concerning flow through fractures may also affect
the estimates of the regional hydrologic flow pattern. The direction,
volume, and rate of flow in the fractured Magenta and Culebra aquifers
all have large attached uncertainties without more hydrologic data than
was used in preparation of the EIS. Values of transmissivity given on
page 7-65 for the Rustler are estimated, not "calculated." The 10 percent
p-orosity value for the Rustler, same page~ comes from one measurement
(Gnome site) and is not an average.

Another important assumption in the long-term impact analysis in the
EIS' is that the diluting effect of the Pecos River at Malaga Bend will
remain constant or possibly increase. Should tectonic, geomorphic, and
climatic factors' combine to reduce or halt the flow of the Pecos River
at the discharge point, the transported transuranics would build up at
that point. The hazard from such a buildup would be about the same

~ as that of a sandstone uranium deposit which might or might not be
deemed an acceptable risk. The possible impact of such a buildup is
not discussed in the E15.

In summary, the statement does not provide a complete analysis of the
system of barriers to waste migration. Even though the waste form has
not yet bee~ specified, leach rates over a plausible range of values
could be assumed.. Additional values for the uncertain hydraulic con­
ducti.vity of the prinCipal aquifer could be used in addition to those
presented. Retardation values could be varied over reasonable ranges
including possible low values for flow through fractured media. Analysis
of the total system of any proposed repository is called for in the
Interagency Review Group's report on waste management, not merely an
estimate of worst case conditions.

Engineering Geology.

We believe that the EIS should include more engineering details on the
proposed underground excavations at the WIPP site. The stability of the
underground rooms will be cri'tical to any retrieval of the radioactive
wastes.

The IIHerring Bone" pattern of the underground CH waste 'storage area
shown on Fig. 8-11 will create areas of weakness at the II potnts ll of the
pillars. Experience has shown that the pillars will fail at these places.
This is true of mining depths of 700 to 1,100 feet and will certainly
be true at 2,100 feet. It does not necessarily create a major hazard,
and the oblique angle turns would probably be easier for rubber-tired
or mono-rail transportation to negotiate. at least coming from one
direction. However, the spalling would need cleanup and/or extra
support. If the planned entry widths would not allow turnoffs of 90
degrees, possibly the corners could be stubbed.,
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Comparison of WIPP with Other Alternative Sites

The EIS states 1n chapters 3 and 4 that proceeding with WIPP fulfills
objectives forTRU recommended by both the Deutch and the IRG reports.
The Department's U.S. Geological Survey agrees. It is also argued in
chapter 3 and the first page of chapter 4 that in terms of long-term
effects, there really is no technical basis for choosing between salt
and basalt because IIs ite selection will ensure no increase in predicted
risk" (tables 3-12, 3-13) at basalt sites. With regard to shale and
granite, the EIS claims that the GElS "predicts impacts approximately
like those of salt and basalt repositories ll (p~ '3-32). In summarizing
the environmental impacts~ the EIS asserts (p. 4-1), lithe impacts of
the remaining six alternatives (2 through 7), on the other hand, are
small in both the near term and the long term (centuries and longer)
and are not different enough from each other to afford a basis for choice
on environmental grounds. The choice must therefore rest on programmatic
considerations. II '

CEQ's "Regulations for Implementing the Procedural Provisions of the
National Environmental Policy Act n (43 FR 55978-56007, November 29, 1978,
40 CFR Parts 1500-1508) requires that an agency II r igorously explore and
objectively evaluate all reasonable alternatives" (paragraph 1502.14).
We would argue that a statement that "site selection will ensure no
increase in predicted risk" (tables 1-12, 3-13) merely defines a com­
parison as unnecessary because the problem is solvable. Ameaningful
comparison would be an in-depth comparison between lHPP; other salt
sites, basalt (above and below water table), alluvium (above water table)
and tuff, shale and granite (above and below water table). Such a
comparison is lacking.

In none of the routine comparisons of impacts, from construction of TRU
and HLW repositories (or combinations, of ,the two) in alternate locations
or media (sec. 3.0) is there any discussion of pot~ntial alternate system
in which isolation of radionuclidesmight be more confidently predicted
than at the WIPP reference site. As noted earlier, if retardation of
radionuclides at WIPP,is not as efficient as postulated, small increments
to the long-term radiological hazard result (depending on the release
rate) which could' n'onethe1ess be ~rucial in the final acceptance of the
site. The presen,t' discussion of alternatives implies that the hydrology
is the same in all' regions being considered for HU~ and TRU waste disposal,
which is certainly not the case. Potential radionoclide transport
downdip from gulf coast salt domes, for example, would be in porous media
with very long flow paths; prediction of radionuclide containment might
be much surer in that environment than at the WIPP. As the EIS notes,
there has not been a complete analysis of other sites and systems with
which to make a rational comparison; however, as noted above, neither
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has there been for the WIPP. Contrary to the statement at the top of
page 3-27, future studies can significantly change the predicted impacts
and risks both at WIPP and in alternate systems.

In summary, the EIS asserts that all sites are likely. :~o. be" or can be
, engineered to be, equal to WI?P. This is unlikely to be the case for
~drology and definitely not the case for future human intrusion.

Future Human Intrusion

A major potential problem with the WIPP site is future ,human intrusion.
The IRG (p. 39) recognized that "it is not possible to predictor to
restrict the activities of future generations" and,therefore, "site
selection guidelines, site suitability criteria, and repository design
criteria must be developed in such a way as to minimize potentially
deleterious effects of human activities. 1I The~ Committee on Radioactive
Waste Management of the National Academy of Sciences has stated II no areas
with a present or past record of resource extra~ti~n~ cither than for bulk
materials won by surface quarrying, should be considered as a geological
site for radioactive wastes" (Geological criteria for repositories for
high-level radioactive wastes, 1978, p. l3-l4)~

The EIS acknowledges that there might be future ,drilling at the site
through a spent fuel assembly; and it computes the, radiological dose to
a geologist examining a core of the fuel. The EIS also correctly points
-out that the potash ores are above the proposed TRU repository horizons
and, moreover, that both the potash and. oil and ~as(b~n~ath the reposito~
can be exploited without breaching the~TRU waste horizon. The USGS
agrees with these statements. Not taken serio~sly tho~gh is the issue of
trying to predict the actions of humans 500, 1000, or 10,000 years hence.
The presence of mineral wealth is an open invitation to 'our descendants
to explore the subsurface in ways we cannot begin to imagine.

In addition to our general comments, we also have specific comments
with regard to the WIPP EIS which can be found in Attachment t.

tIe hope these comments will be helpful to you, ,,"articularly in light of
the fact that the direction of the WIPP program is changing and will
continue to do so as the final decisions flowing from the IRG are made
and implemented. As noted earlier, we will be more than pleased to work
with your staff in revising the additional informational requirements
that are necessary to meet our concerns under FLPMA for the revision
of the WIPP EIS.

Sincerely,

tARRY E. MEIEROTTO

A~sl~tftnt SECRETARY
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Attachment'

Specific Comments

It is implied in paragraph 3 on page 2-24 that synthetic high-level
waste may have to be used for test purposes. If these tests are to be
meaningful t both from a chemical and radiation intensity standpoint t

real high-level wastes must be employed. This issue should be discussed.

Page 7-8 in volume 1 and H-83 in volume 2. Mention is made that
amphibians are not an important part of the regional fauna. This state­
ment is not accurate and needs to be revised. Thirteen of the 24 species
of amphibians found in New Mexico occur in the southeastern portion of
th~ State. These species occur in a variety of habitats and many are
well adapted to the most arid habitats of this area.

Page 7-20. In general t oil and gas appears to have been given light
treatment in the geology and mineral resources sections. The Pennsylvanian
system deserves more detailed discussion as it contains the hydrocarbon
reservoir of interest in the area.

Page 7-43, fig. 7-15. locations of holes 0-231, 0-233, 0-235, 0-248 t

and D-250 should be shown on figure 7-15.

Pages 7-42 through 7-51. It should be noted that the southwest boundary
of the withdrawal area was drawn to avoid existing gas wells in the area.
It can be shown that the oil and gas industry has interest in drilling
within the withdrawal area since there have been six applications to
drill approved there. Trres~ applications and the subsequent condemnation
of the drill sites by ERDA were not mentioned in the EIS. Five of the
proposed wells are on Federal mineral leases. Their locations are as
follows:

Operator Well Name location

Continental Oil Co. James Ranch No. 8 Lot 3, sec. 31,
T. ·22 5., R. 31 E.

Continental Oil Co. James Ranch No.• 8A SW1/4 NW1/4, sec. 31,
T. 22 5., R. 31 E.

Perry Bas's James Ranch No. 10 SW1/4 NE1/4 t sec. 30,
T. 225., R. 31 E.

Perry Bass James Ranch No. 12 NE1/4 SW1.4, sec. 20
T. 22 5., R. 31 E.

Perry Bass James Ranch·No. 14 NE1/4 SW1/4 t sec. 17,
T. 22 S., R. 31 E.
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One well was proposed by Gulf Oil Company on State land in sec. 32,
T. 22 5., R. 31 E.

This aspect of oil and gas activity deserves mention in the EIS.

Page 7-44, table 7-5 and text. The Geological Survey also evaluated
reserves. The standards cited in table 7-5 are called resource standards.
In fact, the Survey report uses the low-class standard for resources and
the lease, and high-class standards for reserves. The lease class
standard is based on current economic mining conditions in the Carlsbad
area. (John, et a1., 1978, p. 26).

Page 7-44, last par! What is the source of the average grade data cited
in the first sentence of the paragraph? With regard to the second
sentence of-the paragraph, the Geological Survey considers the median
standard, termed 1I1ease,1I to be equivalent to current mining costs and
market prices.

Pages 7-45 and 7-46, table 7-6, fig. 7-16. The results of the Geological
Survey evaluation are treated as resources in the draft statement. In
fact, the Survey reports both resources and reserves. (John, et al.,
table 4-A-C). Table 7-6 does not reflect this. Only the low-grade
category is reported as resources in the Survey report. Lease grade and
high grade are reported as reserves. This fact is not reflected in
figure 7-16 either.

Page 1-46. No mention of the specific criteria used in the Bureau of
Mines report is given. This information would help clarify the range
of values that exist between the Summary and the Bureau of Mines reports.
Table 1-7 represents a summary of the Bureau of Mines findings. The
findings are based on specific criteria and assumptions which these
numbers are dependent upon. An explanation of these factors would put
the numbers in proper perspective.

An addition should be made to the first sentence under table 1-7. It
should read "only mining uni~ B-1 meets today's m~rket prices under the
Bureau of Mines criteria ($42 per ton of muriate, $94 per ton of 'sulfate'
-(K2S04), and $48 per ton of langbeinite}.11 Some explanation as to the
source of this price data would also be helpful.

Page 7-49. The Sipes, Williamson, and Aycock study of economic reserves
appears to present the most realistic estimates of hydrocarbon resources.

Page 7-51. An attempt should be made at placing a monetary value on the
hydrocarbon reserves, as was done for potash reserves on page 7-47.
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Water: page 7-61 (para~ 2, first sentence) states, "12,000 acre-feet"
should be changed to 19,800 acre-feet, and "10,000 acre-feet" should
be changed to 19,100 acre-feet. This information is based on a BlM
report (1978) - Groundwater Study to the Proposed Expansion of Potash
Mining. Near Carlsbad, New Mexico.

Section 8.1.4 describes the new highway and railroad rights-of-way to
be acquired for the WIPP sjte, but does not discuss whether these ROW
will be fenced. Fencing could have adverse environmental impacts on
existing grazing use and also on wildlife use of existing habitat.
Similarly, a description is needed of any possible adverse environmental
impacts associated with the construction, operation and maintenance of
fenced ROW for railroads, paved roads, dirt construction' trails, pipe­
lines, or electric transmission lines. Mitigation measures should be
specified, if necessary.

Page 9-9. Mention is made that raptor deaths may be caused by electro­
cution on utility lines. It is unclear if these deaths will result from
project-constructed power lines. However, we would like to point out
that proper design and construction of power lines' can minimize electro­
cution impacts to raptors.Your agency may wish to consult the
publication PSuggested Practices for Raptor Protection on Powerlines"
by Dean Miller, et al., Raptor Research Foundation, Provo, Utah.

Roadway construction causes loss of habitat which results in reduced
productivity for fish and wildlife resources. Secondary effects may
include vehicle accidents and limiting animal movements. While some
type of beneficial vegetation may be reestablisheQ in roadway right-of­
ways, the establishment of creosote bush would not be highly desirable.
This species of vegetation pro~ides little habitat value for food or cover.

Pages 9-9 and 9-10•. Mention is made that wildlife species will be
displaced from lost habitats •. As presented,on page 9-9, these habitat
losses result in long-term losses when carrying capacities are reached.
One mitigative 'effect:that could be considered is managemerit of adjacent
habitats to increase carrying capacitfes' and productivity of the habitat
and offset 1os'ses. . . . .' -. .

. '

Pages 9-9 and 9-22. Revegetation ,is: one measure' that is proposed for
mitigation. Grasses ,forbes and shrub species of value for \'iildlife
food and cover should be used in the' revegetation of di's6Jrbed areas.
It may be important to manage gra~ing to insure adequate establishment
of vegetation. ,

Pages 9-11 through 9-19. Estimates of the total potash resource and
reserve are considered by the Geological Survey to be accurate within
+ 20 percent, basedon the present drill hole spacing. We agree that
T,OaO-foot drill spacing would increase this accuracy. It is reasonable
to expect that additional drilling would show increased reserves in
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some areas and decreased in others. This point should be considered.
The Survey has made a preliminary estimate of langbeinite reserves for
the Carlsbad district since the pUblication of Geological Survey Open­
file Report 78-828.

Our preliminary figures show 1.14 x 109 tons of langbeinite reserves at
6.6 percent K20 weighted average grade present in the Carlsbad district.

Page 9-15, Summary. This section deals with the impact of denial of
potash resources, and it is within this section that the variation in
reserve estimates between the Bureau of Mines and the Geological Survey
have t~egreatest effect. The criteria used by each group should be
related to the presentation of,data listed in tables 9-9,9-10, and 9-11.

Page 9-16, table 9-9. Geological Survey data are here treated strictly
as resource numbers. If the data were presented as in the open-file
report, sylvite ore resources would ~e 133.2 x 106 tons, and langbeinite
ore resources would be 351.0 x 106 tons. Table 9-10 would show the
following reserves using Survey data: sylvite ore reser.ves--89.1 x 106
tons at weighted average K20, equivalent of 11.8 percent; 1angbeinite
or~ reserves--264.2 x 106 tons at weighted average K20, equivalent of
6.10 pergent. These figures would also appear in taole 9-11. The
500 x 10 -ton figure for regional resources in table 9-11 is question­
able. J6hn, et al., (197B) report 5.4 billion tons of potash ore
reserves for the region. The 38 x 106 tons K20 as langbeinite for
reserves in the region needs more explanation. The WIPP area is reported
to represent 11.6 percent of the total reserves of langbeinite. Recent
estimates 'by the Survey after publication of the open-file report suggest
that it may represent as much as 20 percent of total reserves.

Pages 9-20 through 9-21. Discussion of the AIM study referred to in this
section needs to be elaborated. What were the criteria used in the study,
and how do they compare with those used in the Survey and Bureau of Mines
studies?

Page 9-24 in "Effect~ of Plan Operation" should contain a paragraph on
the potential effects of the WIPP action on fossil resources. An important
secondary effect of the action is the access to remote areas that would
be opened by the new roads created for the WIPP site. While amateur
fossil collectors would not have significant impacts, commercial (i.e.,
illegal) collection of fossils,~ight occur on wholesale basis.
Similarly, page B-8 should contain a statement in the geology section,
"Penmian Beds in this general area are reported to have provided the
world's most complete record of early Permian amphibians and reptiles. 1I
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Page 9-86. The references to the Bureau of Outdoor Recreation should
be corrected to read the Heritage Conservation and Recreation Service.

Page H-62 should reflect the following information: While Colorado
had some ice fields during the pleistocene, the ice sheet in the Rocky
Mountains went no further south than Montana and Idaho. Thus, glacial
action does not appear to be a threat, to the integrity of the site.

/

Pages J-38 and J-39, sec. J.4.3. There should be mention in this section
of the environmental analyses that are prepared by the Geological ,Survey
for proposed oil and gas operations. It should be not~d~hat, through.
this process, an assessment of environmental impact~wOuldbe made before
any further development of Federal mineral resources would be allowed.

Editorial Comments

In order to make the EIS more intelligible to other professionals and
concerned lay people, editorial improvement is essential.

An index map showing the precise location should be one of the first
figures in the report.

The WIPP site should be located on maps wherever practical and it should
appear at the same place on all maps. It is badly mislocated on
figure 7-12. Township and Range should be shown on maps where practical
(fig. 7-12, for example).

Page 7-7, fig. 7-2. It is now generally agreed that the Pleistocene
Epoch probably began between 2 million and 3 million years ago (e.g.,
Holmes, Arthur, 1964, Principles of physical geology, 2nd edition: New
York, Ronald Press, p. 360-361; Obradovich, J.D., 1965, Age of marine
Pleistocene of California: Am. Assoc. Petroleum Geologists, v. 49, no. 7,
p. 1037).

Page 7-7, fig. 7-2. Depositiun of Ogallala fan sediments and the forma­
tion of the caliche capping these'sediments occurred during the Pliocene
rather than during the Pleistocene, as shown.

Page 7-28, fig. 7-11. "pre-Cambrianll in upper left should be IIPermian. 1I

Page 7-59, table 7-)4. II Dayton, Texas" should be II Dayton, New Mexico. II

Page 7-64, fig. 7-22~ An explanation of units and patterns, a scale,
and location of WIPP site are needed.

Page 7-65, par. 4, line 4. "westU should be lIeast."
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Page 7-68. The heading "Groundwater Quality" refers only to the
succeeding paragraph. The rest of pages 7-68 and 7-6i is part of

. "Groundwater Flow. II ,

Page 7-73, par. 3. "Jones (1972)" should be "Jones (1973)."

Page 7-74, fig. 7-27. A better explanation is needed. Show WIPP site;
show'line of section on a map; identify "solution front" referred to in
text; label irregular line "Top of Rustler salt" not IITop of Rustler. 1I

'~~ -
Page 7-76, par. 1. Add reference "Nicholson and Clebsch (1961)."

Page 8-39, last p~t., first line. This should read IISouthwestern Public
Service Company," not "Pacific Service Company."

Page 9-112, par. 5. The proper figure number would appear to be K-3
. and/or K-5 rather than K-6.

Page H-l01, line 3. Loving County is in Texas, not New Mexico.
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UNITED STATES ENVIRONMENTAL PROTECTION" A'GEN'CY
WASHINGTON. D.C. ~

SEP 2 &1979

Mr. Eugene Beckett
WIPP Project Office, Mail Stop B-l07
U.S. Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

In accordance with Section30g of the Clean Air Act,. as' amended, we
have reviewed the Draft Environmental Impact Statement for the Waste
Isolation Pilot Plant (WIPP), DOE/EIS-0026-D. Our detailed comments
are enclosed.

The final environmental statement should bring out more conclusively
the adequacy of the site and the bedded-salt host medium, and, further,
that the deficiencies revealed in this environmental statement are no
worse than might be expected at other carefully selected sites. If
sufficient information cannot be provided in the final environmental
statement to this end, a program for resolving those matters should be
specified and a course of action proposed that will be taken if the
results are not favorable to the WIPP project.

The 'question of the adequacy of the site relates in part to the
continuing integrity of .the salt formation and the probability of
adequately sealing boreholes and shafts against subsidence stresses and
other phenomena. The draft statement does not adequately address the
problem of detection of existing boreholes and of small-scale
dissolution features within the repository formation. There appears to
be little information on dissolution below the host salt formation and
the potential for failure from below. The hydrologic modeling appears
to have the potential for large uncertainties, and the analysis should.
treat the sensitivity of the results to the range of potential error.

A major concern is the assumption implied in this proposal, that
transuranic wastes and spent fuel are compatible with each other and
with the bedded salt and hydrology of this site in the proposed
repository configuration. No case is made for putting spent fuel, with
its high radionuclide content but chemically resistant uranium dioxide, . ,
ceramic form, in a repository selected for its chemical barriers to
radionuclide migration and, likewise, putting into the same repository
transuranic waste with its multitude of chemicals. Although it is
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desirable to combine disposa~ facilities to decrease costs, such
combining of facilities should be supported by an as~essment in the
final environmental statement of the compatibility of the different
waste forms. The presence of organic chemicals. in the TRU waste should
receive particular attention in· this assessment •.

The EPA is also greatly concerned with the lack of a positive commitment
in the DEIS to the development of mitigation plans. We are equally
concerned about the need to monitor environmental impact conditions,
and implement mitigation measures during all phases of construction
and operation pf the WIPP. Mitigation and monitoring is needed, not only to
avoid violation 'of existing standards, but also to minimize negative
impacts on the environment. The mitigation plans should allow the
inclusion of "current knowledge" and "best management practices" as
developed after initiation of operations at the selected site. The EPA
strongly urges that DOE require the design of a dynamic monitoring and
mitigation plan before either licensing or approving construction of
WIPP •

. On the basis of these concerns, we have environmental reservations about
the actions proposed in this draft statement and consider that the
statement provides insufficient information. Therefore, we have rated
this draft statement ER-2, i.e., environmental reservations and insufficient
information.

Should you or your staff have any questions about our comments" please
call Ms. Betty Jankus (NEPA matters, 755-0770) of my staff, or
Dr. Jerry J. Swift (technical matters, 557-7604) of EPA's Office of
Radiation Programs.

SinCerela; cJJ
illiam N. Hedeman, Jr.

Director
Office of Environmental Review

Enclosure
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u. S. ENVIRONMENTAL PROTECTION AGENCY

Detailed Comments
on the

Department of Energy's
Draft Environmental Impact Statement

for the
Waste Isolation Pilot Plant

General Comments

The final statement should bring out clearly the adeqUacy of the
site and long-term integrity of the host medium, and, further, that
the deficiencies revealed in this environmental statement are no worse
than might be expected at other carefully selected'sites.

The combination of a facility for the disposal of transuranic
wastes with facilities for testing of high-level waste forms and
disposal of spent nuclear fuel is not adequately supported. There
should be a showing in the final environmental statement that the
differences in waste forms and the configuration of the respository do
not significantly diminish the protection that would be provided by
separate facilities. It is not clear that the proposed approach is
consistent with the near-term objective "to proceed by deliberate steps
in a technically conservative manner."

The principal problems with the proposed projects are:

I. It has apparently been assumed that transuranic wastes and
spent fuel are compatible for disposal in this repository. The list of
alternatives considered is limited and rests heavily upon this same
assumption.

2. There are appreciable mineral resources at the site. There is
also a reliance on long-term institutional controls to prevent human
intrusion. The DEIS addresses only the point that natural resources in
the WIPP area,will be lost;for-future exploitation because of the.
presence of the respository. However, it should also consider that
institutional control could be lost; .after hundred,s or thousands of
years while the hazard from the waste remains substantial. The natural
resources could be explored without -knowledge of the remaining hazard.

" ,
3. The host salt formation is under solution attack from above

and from the side and may also be under ~tta~k from beiow.
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4. The groundwater Eh may be in the range where it will make
actinide elements more mobile.

, 5. The assessment of potential impacts on the surrounding population
appears to disregard the workers at the potash mines nearby.

6. There has apparently been no question of the desirability of
having two levels in the respository rather than one.

7. Impacts of potential releases of radionuclides are regarded in
this draft environmental statement as short-term impacts; the potential
impacts of releases of radioactivity over long time periods ,should be
addressed.

8. As a research tool, the project should provide valuable'
information on the 'effectiveness of various waste disposal methods.
Much of this data, of a generic nature, should be applicable to 'future
waste disposal projects.

9. Criteria for the acceptance of the various waste forms have not
yet been made firm. Firm criteria would help resolve the nature of'the
interactions that might occur between the wastes, the salt, and any water
that is present.

10. The site selection process has been successful in finding a
location with a low population density, much lower than in Michigan,
Kansas, and Ohio. This is a clearly advantageous feature of the Los
Medanos site. With respect to site selection criteria, however, some
of the data gathered from WIPP may not prove useful in future siting
decisions, primarily because of differing geologic formations. Oth~r

geologic structures, such as salt domes, basalt, granite, shale, and tuff are
currently being investigated, and the EIS notes that future sites will be
evaluated on a case-by-case basis. We believe that the recognition of
site specific differences is critical to the selection of regional
repositories, and strongly endorse this approach.

'11. The EPA is also greatly concerned with the lack of a positive
commitment,in the DEIS to the development of mitigation plans. We are
equally concerned about the need to monitor environmental impact conditions,
and implement mitigation measures during all phases of construction and
operation ,of the WIPP. Mitigation and monitoring is needed, not only to avoid
violation of existing standards, but also to minimize negative impacts on
the environment. The mitigation plans should allow the inclusion of "current
knowledge" and "best management practices" as developed after initiation of
operations at the selected site. The EPA strongly urges that DOE require
the design of a dynamic monitoring and mitigation plan before either
licensing or approving construction of WIPP.



Detailed Comments

12. In addressing the population distribution around the site,
there are statements like that on page 1-3, "Sixte~n'people-live within
10 miles of the center of the,proposed site." This'Overlooks the'
approximately 650 workers at potash mines and mills within 12 miles,
plus other people employed in the 011 and gas producing industry.
Table 2-2, "Application of Site-Selection Criteria," also shows this
distortion. Another example is on page 7-1, "Thirteen people live within
10 miles of the proposed site." Such pertinent features as the potash
mines should also be shown on the maps of the area; e.g. in Figure 8-1,
the railroad spurs are, shown -- they probably end at potash refineries.

13. Although the low annual rainfall and limited runoff are mentioned
in several places (e.g. page 7-59), the flash flooding associated with

·rainstorms in arid lands is not ,mentioned, nor is there mention of its potential
for influencing the repository or transportation accidents. Section 9.3.3.2
should be revised to include discussion of the potential for flash flooding,
which may occur much closer than the Pecos River.

14. Comparison of radiation exposures to those from natural background
can be meaningful. when they are exposures to an individual. When the
exposures are to a population group, they become less meaningful because
the relative values can be altered by including more people who get the
same background exposure but little or none from the other source in question.
Such comparisons should always include the maximum individual exposures.
The last statement on page 1-6 is an example: "An accident of the extreme
severity postulated in the transportation analysis could deliver a 50-year
radiation-dose cotmnitment that might reach 25 percent of the dose from natural
background radiation." This provides only the average value and does not
provide information on those most affected.

15. It is correctly indicated on page 1-8 that for an alternative action
involving a delay in construction, th estimated additional costs of $280
million are mostly due to inflation and therefore do not represent real
additional resource expenditures. If put.into 1978 dollars,this large sum
would become almost zero. Its use ~n th~s statement tends to be mdslead~g.

16. This draft statement quotes various solution rates for the Salado
salt, such as the 500 feet per mil~ion ,years (on page2-l2). The final
statement should also provide the uncertainty in the solution, rates.

17. The second "basic reason" giv~n op, page 2-16 is :I.llo'gical.', This
draft statement proposes to use the facility for bothtransuranicwaste and
1000 spent fuel elements; therefore, it is not IIdedicated only to TRU waste."

18. The second bas,icreason on page 2-16 contains a ,~learexample of the
concept that there is no signi!icant loss in safety orprotection~f.t~e
environment occasioned,by putting more than one ,typeofradioactiyeiwast~in a
repository. This concept, used extensively throughout the draftsta~ement,

appears without scientific support. The IRG objective, stated on page 1-2,
"to combine compatible facilities, where suitable," must certainly have been
written in the belief that compatibility and suitability would be established
rather than assumed. The result of disregarding the differences in the
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chemical nature of waste types is seen in the statement on page 3-26,
"There is no reason to expect that adding TRU wastet.o a HLW repo~itory

ateith~r site wo~ld appreciably increase the probability of long-term
releases of radioactive material." The TRU waste contains various ..
organic substances ,which can form· complexes and great.lY,increasethe
mobility of the actinide elements.

19. It is recommended that the final statement be revised to
state a practical purpose for the reference repository as designed. On
page 2.22, the draft statement states, "The reference repository is
intended for the disposal of only ,that amount of read~lyretrievable

waste e;q,ected to be stored at INEL through 1990," andfur~her:', "Sqme
100 acres of repository space will be more than adequate for this
purpose." As th.e design is for a 2000 acre facility and a .30 year
lifetime, it is only practical to specify instead that the facility is
intended to be used to capacity (70 million cubic feet, per
Table 2-3). If the design is successful, to use it at such a small
fraction (2.4 million cubic feet) of its capacity would be wasteful.

20. The statement on page 2-23 regarding the policy announced 'on
October 18, 1977, should be oorreoted to state olearly that the f'ee
inoludes disposal costs as well as storageoosts.

21. The draft statement, on page 2-28, oontains the peculiar
argument that "while some useful generic information could be obtained
from a stand-alone ISF (Appendix C), only a portion of that information
could be transferred to another site." It appears, however, that
unless it is intended to use theWIPP site for large-scale disposal of
spent fuel or high-level waste, only about the same information can be
transferred from WIPP to another site, i.e., the amount of informat.ion
gained is essentially the same. This statement and Figure 8-11 also
raise the question again as to what eventual use will be made of this
repository and whether it would not be a better approach to seek
approval for full utilization at this time.

22. In Table 3-10, all estimated accidental exposures are
compared to background except the case of drilling through spent fuel,
which is' compared to occupational exposure limits. Because 'there is no
reason to believe the drillers would have been classified as radiation
workers, there is no justification for comparing their estimated
exposures to occupational limits.

23. The comparison of the impacts is not correctly constructed in
the case (on page 3-16) where leaVing spent fuel in storage pools "~s

,:':estlmat.ed to give a worldwide population exposure of 10-7 of .
background." Spent fuel in storage pools cannot reasonably be

. considered to irradiate a significant fraction of the public, much less
.... tb,e ,worldwide population.
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24. It is questioned whether, as the discussion on page 3-19
asserts, heat-producing waste can be emplaced more densely in basalt
than in salt. Such an approach would appear to subject high-level
waste, for example, to significantly higher temperatures than
emplacement in salt, and would raise the repository to higher ambient
temperatures. .Other technical documents have indicated that, because
of the poorer thermal conductivity and heat capacity of basalt, a spent
fuel or high-level waste repository in basalt should be loaded to a
lower heat generation density than in salt.

25. The discussions in Section 3.5.2 indicate that no conceptual
designs exist for TRU repositories in dome salt and basalt. This
suggests that consideration of these alternative media was quite
limited, and perhaps not adequate as a consideration of alternatives
required by NEPA.

26. The question of whether pyrophorics will be permitted to be
included with the TRU wastes does not appear to be adequately
answered. It is stated that "small quantities" of pyropho~ic materials
may be accepted (page 5-3), but the waste acceptance criteria include
the criterion of "no pyrophoric materials." The absence of pyrophorics
is assumed in predicting the environmental impacts of shipping and
handling, and-yet the impact estimations are described as yielding
"maximum environmental-impact predictions." If pyropnoric materials
are to be permitted in TRU waste packages, the term·~small quantities"
should be defined in numerical terms (as was done for gas-generating
materials in Table 5-1) and the acceptance criterion given in Section
5.1.2. If significant quantities are to be' permitted, ~ppropriate

assumptions should be factored into the impact analyses for the
retrieval, transportation, handling, storage, and accident scenarios.

27. 'Additional criteria appear to be needed for' was~e' forms that
"cannot be immobilized" (page 5-3). With few exceptions radioactive
waste can be immobilized if the resources are available to do·'so. For
some waste categories, immobilization may not be practical in terms of
cost versus cost of overpacking, or low potential dose savings per,
dollar spent, or because of excessive volume of the final waste,
product. The final EIS should contain numericalcriterla on '
immobilization reqUirements so potential impacts can be better
evaluated.

28. The discussion of transportation in Chapter 6 would be
greatly improved by the addition of expected doses 'to ind:i,viduals in
the public in the discussion of routine, non-accident exposures.
Statements such as '''it 'exposes the nearby population at ,a very low 'dose
rate" (page 6-15) immediately raise the question of very low relative
to what. The collective exposures of Tables 6-9, 6~10' and 6-11, while
they are good information, only set upper bounds to the individual .dose.
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29. The discussion of possible transportation accidents in
Section 6.7 indicates that exposures to airborne radioactiv~materials
released by accidents in urban areas are calculated using a dispersion
model and parameters (page 6-23) appropriate to flat, smooth, opEm
terrain,'and thus inappropriate to.a location where buildings interfere
with the airflow. Turbulences around. buildings, while providing more
mixing action for dilution, could' also bring the plume to ground level
much closer that one half mile and perhaps appreciably increase maximum
individual exposures. Similarly, although a low wind-speed is
conservative once the material is in the plume, it is clearly not
conservative with regard to lifting the material from·the ground into.
the air. Furthermore, even if a low-wind speed is the existing
condition, a larger fraction of the material might be entrained in the
plume ,by locally.higher wind speeds induced by fire or by passing
vehicles during the period before authorities close off the area.

30. The food pathway should be examined again; while health
authorities, acting after an accident, would remove contaminated food
from distribution, they would have to notify people quickly in order to
interc~p~ food being eaten.

31. Frequencies such as in the last column of Table 6-16 tend to'
mislead whe~ they include a fraction for the stability category and
wind direction~ iIn an urban area, almost 100 percent of the time the

6::'wind,,:will carry tl1e material in the direction of a number of people.
~i!he~fore the risk: from such an accident is greater that that indicated
:~y~he combination of Table 6-15 and the last column of Table 6-16.
~,"""'.

~v'"

33. At the end of Chapter 6 there is a short section devoted to
the possibility and consequences of "intentional destructive acts." It
claims that,the consequences from an intentional act of terrorism or
sabotage "will not produce consequences more significant .than the
accident consequences calculated in Section 6.7." Acts of terrorism
(using explosives for example) could create more serious situations
than conceivable truck or train wrecks.
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34. In the section on accidents involving contact-handled TRU
waste (beginning on page 6-23), \a fire should be assumed to be taking

\place. Surely this would create a worse hazard than if a fire was not
present. Previously on that page,\DOE stated, n ••• the conditions that
lead to the greatest population dos~ have beenchosen. n This statement
and the cited scenario do not seem to correspond. In addition, the
release fractions used on page 6-26 should be documented.

35. In Section 6.7.3, Results of the Analysis, the results were
not converted from person~re~ to health effects. In this case, one
accident yields non-negligible impacts, the accident involving spent
fuel. Based on DOE estimates this accident will result in a 50-year
whole body dose commitment of 3700 person-rem for a small urban area
and 8300 person-rem for a large urban area. Using EPA's conversion
factor of 600 health effects per million person-rem, estimates of total
health impacts are about 2 and 5, respectively.

36. There appears to be a considerable seismic risk. An
earthquake with an epicenter at the WIPP site could disrupt the
repository and break containers; this would result in wastes coming
into direct contact with salt s09ner than anticipated. Considering the
magnitude of possible consequences, this scenario should be explored
further. The final statement should include among the accident cases
it discusses, the case of an earthquake-induced rock fall in the
repository (analogous to those reported in the nearby potash mines).
Such a rock fall could damage a number of waste containers in open
rooms. Though unlikely, an earthquake could also simultaneously
degrade the HEPA filter installation.

37. The discussion of rates of removal of salt by dissolution
(page 7-74 ff) illustrates well the difficulty in determining such
rates. First one estimate is referenced of 0.33 foot vertical per
thousand years average but the suggestion is made that most of the
dissolution occurred long ago at a faster rate, and that the present
rate is slower. Then an alternative approach is referenced which gives
a present vertical dissolution, rate of 0.5· foot of salt in 1000 years.
Although it isunl~kely that'1!hese estimates are so greatly in error
that there wo~ld be ~athreatto the repository in the next thousand
years or so, it would, .iIi any case" help the ,presentation in the final
statement if,the un'certainity in these estimates were pre'sented.

38 ~ ,The" physical' properties 'of vertical solution' features and
• '".,' I" '. ", , •

wells~an be ve~similat:'~relative ,~o gro~d water·:movement. <Chapter 7,
page 74, states that, '!extensive inv-'estigationsn ' at' the site ,show no
evidence of continuing deep diss()l~tibn.'Small scale vertical ,solution
features are very difficult to detect utilizing surface geophysical
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methods such as the resistivity surveys mentioned in the report. The
probability of locating a vertical ,ichimney" while drilling a test hole
is even more remote.

39. On page 7-75, the last paragraph states, "The rate of deep
dissolution is difficult to assess, and Anderson (1978) does not
believe that estimates can be made with any degree of confidence from
the available data." Then, without further support or refere~ce, the·
conclusion is drawn "In any case, deep dissolution does not occur near
the site." We recommend that this conclusion be deleted unless some
evidence in support of it can be referenced. Whether the limestone
under the site is subject to dissolution like that in neighboring
Carlsbad Caverns should be discussed.

40. On page 8-28 is stated "The amount of material. released
through cracks is assumed to be proportional to the ratio of the area
of the cracks to the total area of the drum." In view of widespread
current experience with salt shakers and the past record of
hourglasses,in which all' the material has exited the holes, this
assumed limitation on the amount of material released needs
experimental verirication to give it credibility. The final statement
should prOVide at least a supporting reference to such verification.

41. On page 8-39, it is indicated that a 24-inch waterline is
proposed to bring water to the site from a tie-in with an existing
10-inch main; this appears to be a typographical error. If not, it
should be explained.

42. The use of carbon-steel pipe (page 8-49) for canisters for
the spent-fuel assemblies as indicated in this draft statement
represents a much better use of natural resources than earlier
proposals for thick canisters of stainless steel containing large
amounts of chromium and nickel.

43. On page 8-50, it is indicated that "The backfilling of the
storage drifts will not greatly affect the results or the demonstration
or monitoring program." It should be explained why the ventilation air
will not carry away heat that would otherwise be stored in and
conducted through the salt, raising its temperature.

44. On page 8-52, the statement indicates that stress-induced
creep closure of the storage room "may possibly" damage the waste
containers.~ If, in due time, such closure is expected to eliminate
almost all voids in the salt, damage to the containers would seem a
certainty.
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~ 45. The Demonstration of Spent-Fuel Disposal (Section 8.10) has
some serious problems. Based upon the distribution coefficients on
page K-20 it appears that the overlying aquifer is oxidizing. This is
inferred from the high mobility of U and Tc. It is possible that the
high distribution coefficient for Np is either from a selective
adsorption of Np02+ or from reduction of that species to Np02.
Because the overlying aquifer, if diverted by natural or human factors
through the repository, will dissolve the spent fuel, the risk is much
higher (a thousand times or more) than it would be if the overlying
aquifer were reducing. This oxidizing aquifer raises serious questions
concerning the site suitabliity for spent fuel disposal. This
consideration does not affect the impact from the TRU wastes so
severely, since those wastes (mostly Pu) are not as sensitive to
oxidation. It appears that either the rock is such that it makes a Ph
and Eh condition where Np is reduced to Np (IV), or the rock
selectively removes Np02+ from solution. C-14 should be added to the
distribution coefficient table portion of table K-3. It would also be
helpful if the density and porosity of the Rustler formation were used
to translate the distribution coefficients which are given, into
Equilibrium Adsorption Constants, as defined by Equation K-9. These
Equilibrium Adsorption Constants (sometimes called "Retardation
Factors") are more directly' useful in groundwater migration
calculations than distribution coefficients. It is also likely that
some of the distribution coefficients have a high degree of error
associated with them; presentation of the percent error will indicate
those values for which the uncertainity is high.

46. The environment~l impacts of the experiments to be performed
(pages 8-45 to 8-53) cannot be evaluated without more information on
the nature, and especially the scale, of the experiments. There appear
to be no plans for participation in decisions on the experimental
program by non-DOE agencies. There should certainly bea review
process before plans for the experiments are finalized.

47. In view of the concerns expressed in years past about
existing drill holes at the Lyons, Kans~~ site, ,it 'is surprising to
read (page 8-56) "that the ,long-term co~s~uences analysis (Section
9.5.1) shows that an unplugged hole has 'but small environmental or
safety consequences." It would, perhaps, be reassuring to include a
comparison of the Los ,Medanos site wi~h,the.Lyons, Kansas site.
Section 9.5.1 contains several scenarios which have been modeled for
calculations. Scenario ,1 'is, postulated to 'be the worst case. However,
there ar~ several factors which could b~reasonably expected to alter
Scenario 1 suc~asthe pressure differ~nce between "the Rustler and the
Bell Canyon aquifers, the,number of undiscovered boreholes, the amount
of casing in,the boreholes, waste container leaks, etc. Appendix
Section D-2 flatly states that "the.. repository and control zone III are
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free of pre-existing holes that extend through the salt, shafts, and
mining activity." This statement is questionable on its face value in
the absence of conclusive data -- none appeared to be provided. There
is no mention of holes in the remainder of Control Zone I and in Zones
II and IV.

48. In Section 9.1.5, Plans for 'Mitigation of Impacts, the
discussion of erosion control should also address controls against Wind
erosion for those parts of the site where the soil is particularly
susceptible. As indicated on page 7-53, the potential for wind erosion
is high if the vegetative cover is seriously depleted. On page 7-72,
it is indicated that Laguna Plata and Laguna Gatuna were formed as
blowouts. The discussion should also address controls for any a~eas

that may be subject to flash flooding. In addition, when impacts of the
proposed action are being discussed in several places (page 9-8) mitigating
measures are discussed as optional approaches. If a decision is made to
proceed with a repository at this site, the decision should' include a
positive commitment to utilize those measures to limit pollutant impacts.

49. It should be made clear in Section 9.2.10.2 how the populations
of miners at the potash mines; and of oil and gas workers in the vicinity,
are included in the exposure calculations. The draft statement indicates that
the miners are treated as if they were home in Carlsbad rather than at the
mines. The discussion on page 9-55 also should be enlarged to specify how
potash miners and oil workers are treated in the calculations.

50. In as much as use of diesel-powered waste transporters is
contemplated (Chapter 8), among the conceivable accidents that should be
considered in Chapter 9 should be those including fires involving the
transporter and its fuel tanks.

51. On page 9-51, the air~entrainment factor is quoted at 0.014
percent per hour, one tenth the factor quoted earlier in the draft
statement; this discrepancy should be cleared up.

52. The Department of Energy has put together a high quality evaluation
of the economic and social impacts of'the WIPP project. The economic
impacts are based on an input-output analysis of the direct and indirect
impacts of both the constrUction ana the operation periods of the project.
The draft points' out the uncertainties inherent in the economic impact
projections, due to the uncertai~ty in projected alternative employment
opportunities, specifically in mining and in a projected large dam project in
the area. A minor criticism of the analysis is that the input-output
evaluation of indirect impacts should have been based on an area somewhat larger
than Eddy and Lea Countie~. It is appropriate that the direct effects be
measured for those two counties only, but the indirect effects can be
expected to impact an area larger than these two counties. If the analysis
had encompassed a larger area, the esttmatedmultipliers of the input-output'
analysis would be expected to be somewhat larger.
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53~ The cost estimat~s of-the WIPP are given in 1978 dollars:
construction--$225 million;~ngineering, construction. management, and
technical support--$205 mill'1on; yearly operation~-$36 million. An
estimate of these costs, however rough, needs to be made using 1980
dollars. Also, the effects of lengthened construction time on total
costs in constant dollars should be discussed.

5lJ. In Section 9.lJ.1.2, mention is made of a reservior project on
the Pecos River between Artesia and Carlsbad. The final statement
should address the potential of this reservior to induce seismic events
as a result of the load from its filling, and its potential to induce
changes in the ground water flows.

55. The discussion (in Section 9.5) of ground water flows and
their potential t~ansport of leached materials from the site should
also address the potential for changes to be induced in the ground
water flows, and for transport of leached materials to Carlsbad Caverns.

56. Although some of the assumptions used in Section 9.5 provide
bounding analyses that appeal' to be beyond potential differences due to
leaching, waste-matrix degradation, and changes in the valence states
of important radionuclides, these matters and their potential impacts
on radionuclide transport should be addressed directly or by reference
in the final statement.

57. The labels of Tables 9-lJ3 and 9-44 are unclear. If they
present concentrations in waste in still-intact and unaltered
containers, this should be specifically stated.

58. The suitability of the hydrologic transport model employed in
the dose rate analysis for the postulated foul' scenarios is
questionable. As was stated in Appendix K, Section K.1.2, the basic
equation used in the numerical model was multi-dimensional and
temperature dependent. However, the actual models representing
scenarios 1, 2, 3, and lJ were one~d~mensional and temperature
independent. Therefore, the basip syst~m equations for the numerical
model could be greatly simplified. The result of reducing the
numerical model from mult~-dimension. and temperatur~dependent to a
single-dimension and temperature~lndependent model may result in'
inducingaddltional unnecessary errol' of analysis. The combination of
the abov,e errol' and the additional numerical.error for a transport
distance .of 70 meters has been demonstrated by the Intera 'Environmental
Cons~lt'ants,: rnc •. in a report.to' theU. S. Nuclear R'egulatory-' .
Commission. The report analyzed the transport of ~ radionuclide with a
half-life.of 433.years,in an aquifer,with hydraulio conductivity of
2 ft/day, by the same nume~ic~l model andb~ .the analyticai solution
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model. The concentrations of radionuclide at a distance of 70 meters
were 10-4 and L5 X 10-3 of the original mass respectively for the
numerical model' and' for the analytical model. The combined error was
~valuated to: be 10 or 1000 percent at a distance of 70 meters. This
combined error is expected to increase exponentially with the increase
in the transport distance. Therefore, the results of the analysis
using the numerical model could have large uncertainties.

59. On page 9-100 is a discussion of compilations of scenarios.
The ~ork by S.E~ Logan and M.C~ Berbano ( EPA 520/6-78-005) seems to
be appropriate for inclusion in this discussion. This work was
specific to ,this New Mexico site.

60. Section 9.5 should also include discussion of the potential
use of waste-contaminated water closer to the site than Malaga Bend,
via wells for drinking water or stock watering. Figures 7-23 and 7-24
indicate' a number of wells closer than Malaga Bend. While it is
unlikely that anyone would drink water that is 100,000 ppm salt, they
might use some that had been diluted by other ground water. Any
potential pathway through the Laguna Grande de la Sal should also be
di'scussed.

61. Section 9.5.1.5 should have its sequence of "events that must
occur tl revised:

(a) For the first event, it is only necessary that institutional
'control fail rather than be lost. There are many examples of
institutional controls failing; a recent one is the waste tank leak at
Hanford that went uncorrected for over a month although monitoring duly
recorded the decreasing level of waste in the tank. Perhaps the state
of tire prevention at the Browns Ferry Nuclear Power Plant in
January1975,cou~d'alsobe put in this class.

(b) With regarcitothe second event, it is not necessary that
knowledge of the repository be lost. Fear of its hazards could be
overcome by avarice, ,as may have happened with kepone in
Hopewell,' Virginia.'It is also not unheard of for people to become
complacent about hazards; experience in this respect is given by
flood-control levees being allowed to fall into disrepair 'when the
period between floods grows long.

62~ Section 9.5 addressessubsldence (page 9-131 ff) and
c'oncludes that 1 to 1.6 feet of subsidence will be insignificant. The
discussion should be enlarged to include the effects of subsidence and
its concommitant distortion of the rock strata upon the borehole and
shaftseal1ng, and 'whether it could induce failures that should be
included in the radionuclide release scenarios. In this respect,
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although it is reassuring that water has not flowed into the local
potash mines in spite of more severe subsidence, the experience time
period is relatively short.

63. The subject of liquid inclusions in the salt at the WIPP site
and brine migrations along thermal gradients is important. In the
discussion of brine migration in Section 9.5.3.2, some mention should
be made of the potential case in which brine migrates to open spaces
around the canisters and then evaporates and moves through the voids in
the backfill salt upward to the room above. It is not clear that the
bounding analyses of radioactive releases (Section 9.5) are so broad
that they envelope all potential problems from brine migration and
canister corrosion.

64. In the course of salt closure in the repository, in perhaps
200 years (page 9-135) it is possible that volumes of noncondensible
gases will be trapped and pressurized by the inward creeping salt. The
discussion of scenario 5 (Section 9.5.1.5) should be expanded to
address the potential for drilling into a pressurized gas volume,
including the possibility that the gas includes radionuclides released
from the wastes. This drilling sequence should also be examined for
any mode in which it could trigger a release of stored ·energy from
radiation damage.

65. The discussion of stored energy in Section 9.5.3.5 appears to
consider only the case in which the radionuclides remain in the waste
containers. The discussion should be expanded to cover the potential
for nuclide migration into the salt where the beta and alpha energy
would also be available.

66. In preparing the TRU waste from INEL, the slagging pyrolysis
process uses makeup soil blended with the waste in the ratio 1.5 pound
per pound of waste (page 9-155). This will require some 50,000 to
100,000 tons of soil through 1985. The draft EIS makes no mention of
the source of soil or soil type to be used. We suggest that
TRU-contaminated soil be obtained.and used for this purpose. This
activity appears to present a rare opportunity to sol~e at least part
of some existing waste disposal problems at several locations around
the country.
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Dear Mr. Beckett:

Background

SEP 24 1979

UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

Mr. Eugene Beckett
WIPP Project Leader
U.S. Department of Energy
WIPP Project Office
MS B-107
Washington, D.C. 20545

2. The WIPP reference repository in southeastern New Mexico. This
includes an Intermediate Scale Facility (ISF) with up to 1000
commercial spent fuel elements as well as limited military
high-level waste.

3. The WIPP reference repository, but without the ISF.

4. Disposal of TRU waste in the first available HLW repository.
By 1982 or soon thereafter, sites in the Gulf Interior region
salt domes and Hanford basalt should be available for considera­
tion. An HLW repository would be built at one such site, and
TRU waste would be put into it. The initial retrievable­
storage phase of the repository would take the place of the ISF.

5. Delay of Alternative 2. By 1982 or so, the WIPP may also have
the choice of dome salt and basalt sites as well as the bedded
salt site at Carlsbad.

The U.S. Nuclear Regulatory Commission (NRC) staff has reviewed the draft
environmental impact statement issued by the U.S. Department of Energy (DOE)
related to the Waste Isolation Pilot Plant (WIPP) located near Carlsbad,
New Mexico.. On the basis of our review, the staff offers the following
general comments. Detailed comments on the WIPP draft environmental impact
statement (DEIS) are enclosed.

The DEIS evaluates the environmental effects of the WIPP reference repository
along with six other alternatives. The DEIS assumes that all options would be
licensed by NRC except option 1. The seven options presented in the DEIS
on page 1-5 are as follows:

1. No action. No ISF is built, and TRU waste remains stored at
the Idaho National Engineering Laboratory and elsewhere as it
is now.
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6. Delay of Alternative 3; similarly.

7. A longer delay. By 1985 or somewhat·thereafter, sites may also
be available in granite, tuff, or shale for a HLW repository
as in Alternative 4.

The DEIS concludes that none of the alternatives is superior to the others
based on environmental considerations; however, alternative 1 does not appear
viable over the long term. The DElS further concludes that from a program­
matic standpoint, alternatives 2, 3, and 5 appear attractive. While the DEIS
does not explicitly state which of these alternatives is the preferred option,
the document implies that the WIPP reference repository is the alternative
that will be pursued. Indeed, most of the document is devoted to an evalua­
tion of environmental impacts resulting from the development of this option.

The WIPP reference repository as described in the DElS could provide for the
ultimate disposal of 70 million cubic feet of TRU waste. However, current
plans call only for the disposit10n of that amount of readily retrievable
waste expected to be stored at the Idaho National Engineering Laboratory
(INEL) through 1990. This waste will amount to about three million cubic feet
or about 800 kg of TRU. The DElS states that the WlPP reference repository
will have the capacity to receive TRU waste from the dismantling and decon­
tamination of obsolete weapons-production facilities such as the Hanford
plutonium reactors. Estimates of the volume of such waste range from 5 to 95
mill ion cubic feet. The transportation impact analysis, however, does not
evaluate the effects of shipping any of this dismantling and decommissioning
waste to WIPP.

Comments

1. The NRC staff considers that the ElS does not present the basic informa­
tion needed to make a reasonable comparative assessment of the alterna­
tives. For example, cost infonmation which would permit a rigorous
comparison is not explicitly provided. In addition, where comparative
information is discussed;-it is done in a rather judgmental and quali­
tative way which does not facilitate independent review and assessment
(e.g., 1and use, resources, transport; socioeconomics, potential for
future disruption, isolation potential). The ·staff considers that a
more rigorouscompiirative analysis of the. alternatives may indeed
sharpen the differences among theJ:11 and lead to clearer concl usions
regard:ingwhich:alternatives are preferred.

2. In re-eva1uatirig the alternatives on a more rigorous basis, .theNRC
staff considers that .particular attention shou1 d be given to the
following. points: . .

(a) The DEIS states that the capital cost of the WIPP reference facility
(a1ternati ve 2) is about $430 mi 11 ion. Thi s waul d resul tin a
construction cost of more than $500,000 per kilogram. Figuring
in the operating costs would likely run the costs up to in the
order of $1,000,000 per kilogram of TRU disposed.
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This evaluation should be made explicit and quantitative so~a

direct cost comparison can be made.

The DE.IS points out that alternatives such as 4 and 7 could result
in a 40 percent reduction in land use while increasing the cost of
the HLW repository only four to ten percent. This would appear to
be an enormous cost advantage.

SEP 24 1979

(b) The DEIS states that although the WIPP reference facility is sized
for disposal of 70 million cubic feet of TRU, only the material
expected to be stored at INEL through 1990 is being definitely
intended for disposal at this time. The DEIS implies, however,
that this additional capacity could in the future be us~d for the
large quantities of TRU waste which would result from dismantling
of surplus facilities largely at Hanford (estimates range up to
95 million cubic 'feet).

Elsewhere, the DEIS observes that there would be a small transpor­
tation advantage if the TRU (at INEL) were eventually disposed of
at a HLW repository at Hanford; however, the DEIS goes on to con­
clude that this advantage is small since the differential distance
from INEL to Hanford and Carlsbad is small.

If all of the TRU material requiring disposal at the other DOE sites
(particul arly Hanford) is considered in the transport effects,
however, substantially different conclusions would likely emerge.
The NRC staff feels that consideration of the known TRU requiring
disposal should be explicitly considered.

(c) The DEIS discusses generally that the mineral resources situation.
at the WIPP reference site would have two adverse impacts. Firstly,
resources would be denied to future generations; and secondly, the
existence of resources at and near the site could invite future
disruption. The DEIS concludes that these effects are small.
The DEIS points out, however, that these undesirable effects could
probably be avoided with almost all the other alternatives.

The treatment of this issue in the DEIS is general and somewhat
qualitative. DOE should reassess this important issue on as quan­
titative basis as possible canparing it with the other alternatives.

The potash and hydrocarbon resources at the WIPP site should be
monetized and factored into 'the alternative site analysis. Mineral
resources at alternative sites, if they exist, should also be con­
sidered in the comparison of sites. Furthermore, the final
environmental impact statement should elaborate on any tentative

Mr. Eugene Beckett
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plans for recovering these resources prior to construction, during
operation, or after closure of the repository.. Any such discussion
should put primary emp~asis on the potential consequences these
recovery operations might have on the integrity of the repository
to function satisfactorily.

(d) The Final Statement should reconsider the relative merits of proceed­
ing ahead at the WIPP ,reference site without comparative information
which will be available in the mid-1980's from several other site
characterization efforts resulting from the HLW program. The merits
of proceeding to fully characterize (i.e., at depth exploration and
R&D) the WIPP reference site in parallel with those being evaluated
in the HLW program (but not making any construction commitments to
the site until the comparative exploration and R&D information is
available) should be quantitatively analyzed.

3. The analysis for the WIPP referenced facility (alternative 2) assumes it
will be licensed by NRC. The DEIS emphasizes that this will provide
an opportunity to try the licensing process at an early date and discusses
the institutional advantages of this approach. The WIPP reference case
also emphasizes the considerable technical advantages of an early ISF
using spent fuel where experiments involving high temperature HLW could
be performed and evaluated at an early date.

Recently, DOE officials have stated that DOE no longer will pursue WIPP
as a licensed facility nor the ISFinvolving the 1000 fuel elements.
This would appear to greatly reduce the utility of the reference alter­
native from a technical development standpoint and would appear to
render any previously positive institutional advantages non-existent
or negative.

The changed 'nature of the reference alternative should be explicitly
included in the more rigorous comparative analysis discussed in
conunent 2 above.

Finally, it must be pointed out that by commenting ·onthe DEIS, the NRC staff
does not intend to preclude itself or the, Commission in any way from (1) carry­
ing out a licensing review, if sUbsequently authorized by law, in accordance
with procedural and substantive rules and statell1ents of policy of the Commission,
or (2) denying a license or incorporating conpitions on any ~icense that may
be issued for the WIPP facil ity at a later date that may refl ect ,a more, restric­
tive position than that taken in these comments oli the DEiS.
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Enclosure: NRC Comments on
WIPP DEIS

SEP 241919

~~~I/./A~
John B. Martin, Director
Division of Waste Management

Mr. Eugene Beckett

Thank you for providing the NRC with the opportunity to comment on the WIPP
DEIS. We hope that these conunents will be of assistance 1n preparing the
final environmental impact statement. We would be pleased to discuss these
comments with you or members of your staff if you so desire.

Sincerely,
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Specific Comments - Chapter 1

The document does not address the issue of safeguards requirements for
protection of WIPP facilities or for protection of waste materials in
transit to or between such facilities. The Final Environmenta1.Impact
Statement should discuss safeguards requirements for the facility and
the impacts of these requirements.

Section 1.1, page 1-1. second paragraph The location in the text containing
the definitions for HLW and TRU should be referenced.

Section 1.1. pagel-I. third paragraph The document states that "progressive
elimination of less desirable sites led to the bedded sa1t.of southeastern New
Mexico and to the \\IPP reference site described later in this document. 1I

Either in Chapter 1 or at some other appropriate point in the text, the process
of site elimination should be discussed. Included in such a discussion should
be the basis. including both the technical and economic factors, for elimina­
tion of the less desirable sites.

Section 1.2. page 1-2, item 1 It is recommended that the following revision
be made in line 7: "for the disposal of TRU wastes from other DOE sites."

Section 1.2. pages 1-2 and 1-3. items 1 and 3 The waste retrieval period is
stated to be 10 years for TRU waste and 20 years for spent fuel. The current
staff opinion regarding retrievability of wastes disposed in deep geologic
repositories is that the repository design should permit the waste to be
retrieved throughout the operating life of the repository and 50 years thereafter.

Section 1.1, page 1-3. Geology. second paragraph The last sentence states
that there will be u••• only a temporary denial of access to approximately
one-third of the natural gas, three-quarters of the langbeinite. and all of
the sylvite at the reference site." This implies that zone IV will be exploited
for hydrocarbons and potash. However, on page 9-21 it is stated that "mining
and drilling may be allowed in this zone if they would not affect the integrity
of the site. II whi ch means that potash mi ni ng may not be permi tted. Therefore.,
the sentence should be reworded to state that there may be only a temporary
denial rather than there will be only a temporary denial.

If it is necessary to indefinitely deny the extraction of resources at WIPP,
then this would apparently require long-term reliance on institutional controi~

However, this requirement conflicts with EPA's dr'aft criteria for radioactive
waste disposal, which states that "Controls which are based on institutional
functions should not be relied upon for longer than 100 years. II Therefore,
the final environmental statement should address DOEI.s plans for denying these
resources after 100 years.

Section 1.2. page 1-2, Item 1 The document states that WIPP will receive
TRU waste from the· Idaho National Engineering Laboratory (INEL). However ,-a u
recent Department of Energy document (DOE/ET-0081) states on page 1-4 of that ,.,
document that "Before a decision is made for long-term management ofINEL TRU
stored waste, a Programmatic EIS, covering both buried and stored waste, will
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be prepared. II The document further states on page 7-5 that the draft EIS will
be completed in late 1979. It would appear that the issuance of th~ WIPP EIS
should have been subsequent, to the issuance of the programmatic EIS discussed
in oOE/ET-008l. The final environmental ~tatement on WIPPshou1d reconcile
and discuss the sequencing and objectives of the various environmental impact
statements that have been or will be issued~p'y neE,

Section 1.2, pages 1-2 and 1-3 An'important concern about mineral resources
at the WIPP site isthe probability that these resources will attract future
exploration and intrusion. The final environmer.ta1 statement should discuss
the impacts that future mineral exploration activities could have.on reposito)y
performance.

Section 1.2, page 1-3, Geology, third paragraph The basis for stating the
IIl ow seismicity" of the site area should be provided.

Section 1.2, page 1-4, fourth paragraph The document indicates that under-
ground dissolution of salt is an active process in the region of the site (IIAt
the site itself dissolution has removed some salt from above the Sa1ado ll

).

Although Anderson (1978) believes that the site is in an area of the Delaware
Basin that is relatively free of deep dissolution features, he indicates that
localized features are present in the vicinity (see page 7-74). He a1sc
indicates that the rates of deep dissolution are difficult to assess and does
not believe that estimates can be made with any degree of confidence from the
available data (se( page 7-75). Thus, the draft statement does not convey
confidence that dissolution processes or rates are sufficiently understood to
locate WIPPin an area of active dissolution pr~cesses. The staff believes
that additional information is needed on current rates of dissolution and on
changes which migh". occur in dissolution rates in the future. The final
statement should discuss the effects that boreholes, wells, 'changes in hydrolJg­
ica1 conditions, and mineral exploration activities could have on dissolution
rates in the site vicinity.

Section 1.3, page 1-5, f;'rst paragraph The document states that the reference
site in southeastern New.Mexico and the plant design were chosen because they
were lithe most ccmplete1yanalyzed of the¥alternatives. 1I

, The selection of the
reference case should be based on a comparative evaluation of the relevant
environmental, economic, and technical factors of each alternative considered.

Section 1.3, pages 1-9 , third paragraph Thi~ 'document states that the
alternative of no action (i.e., leaving the TRU waste, atINEL) is unacceptable
ilJ the long term. However, a comparison of Tabie 3-1, which illustrates the
long-term radiological consequences of no action, with Table 3-5, which displays
the radiological impacts of transportation of waste to the WIPP site, shows
that the radiological impacts are of the same order of magnitude. For example,
the exposure resulting from a transportation accident involving a rail shipme~t

of CH TRU waste is provided in Table 3-5 to be 0.49 rem, 0.025 rem, and 0.012 rem
to the bone, 1ung,and whole body respectively. Table 3-1 shows that for improved

~confinement at INEL, the respective doses assuming a lava flow release mechanism
would be 0.5, 0.9, and 0.0003 rems, respectively.
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In view of the similar long-term impacts between the reference case (WIPP) and
the no action alternative, the final environmental statement should'examine in
greater detail the need for the proposed action.

Section 1.4. page 1-6. fourth paragraph Justification should.begiven for
the statement that, ii ••• an estimated 3%'of the U.S. reserves of this mineral
(langbeinite) would be denied for perhaps several decades. 1I This statement
implies that the langbeinite in control zones I, II, and III will be mined in
perhaps several de~ades. Such a statement should be accompanied with a. full
analysis of the im;Jacts of mining in control zor.es I, II, and III with special
emphasis on waste isolation.

Use of the WIPP site may entail the long-term denial of mineral resources in
control zones I, II, III, and IV. These resour{.ss are stated in Section 9. L4.2
to include 11.6% of the U.S. reserves of1angbeinite. This statistic should
be included in Section 1.4.

Section' 1. 4, page 1-6, sixth paragraph It is suggested. that the 50 year
dose commitment to the maximally exposed individual and to the population from.
the postulated. tranportation accident should be stated numerically as well as ;
a percentage of natural background.

Sectionl~4, page 1-8, second paragraph An expected release is
sum of the probabilities of release times the amount of release.
probabilities for all releases are not zero, the expected release
activity is not zero.

equal to the
Since the
of radio-

Section 1.4, page 1-8, fourth paragraph For clarification, the basis for
the $280 million cost estimate should be referer.ced.

Section 1.4, page 1-9. second paragraph The following statement is made:
"It appears that the alternative of no action (alternative 1) i(unacceptable
for the ·long term and that there is no clear environmental basis for choosing.
among the remaining alternatives. II 'No discussionis presented for the accep­
tance or rejection of the no action alternative for the short-term. Please
provide the omitted discussion. Also, it is not obvious that, IIthere is no
clear t:fl1l ironmenta1 basis ll for choosing among the alternatives. The environ­
;.umta"1 impacts addresssed throughout.this section should be evaluated and
compared.. An analysis based upon lI·policy Objectives" is not sufficient for an
environmental impact statement.
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Specific Comments - Chapter 2

The draft statement should consider alternative disposal methods for the DOE
TRU wastes.

Section 2. 1.2, page 2-2, third paragraph
should be "criteria."

It appears that "desiderata"

Section 2. 1. 3, pages 2-3 through 2:-6·, Stage 1 of the process The DEIS does
not provide the log~c needed to proceed from stage 1 of the site selection
process to stage 2. Stage 1 is defined in Table 2-1 (page 2-3) as- the step
which would "select storage media; define geographic regions where they occur;
consider their characteristics in terms of tentative selection criteria." The
discussion presentel! does not provide the rationale or supporting data for
selecting bedded salt as,the preferred media or eastern New Mexico as a region
for further study.

Section 2. 1.3, page~ 2-3 through 2-12 Table 2-1 (page 2-3) describes a
four-stage site selection process, however, the text presents only three
steps.

Section 2.1.3, pages 2-7 through 2-12, Stage 3 of the process Table 2-1 on
page 2-3 states that stage 3 of the site selection process will include con­
ducting detailed field studies of candidate sites. However, the discussion of
the. stage 3 process does not indicate that detail~d field studies were undertaken
for the eight candidatesites.

It is not clear whether the criteria outlined on pages 2-7 and 2-8 were developed
prior to the selection of the eight site areas ~Lentified in Table 2-2 (page Z-lO),
'Or if the sites we!'e selected and the criteria developed and app1 ied later.
If the criteria were used to select a site, then one could question why several
of the sites were selected for compa~ison. For example, the first criterion
states that "the site should beat least 6 mflesfrom the Capitan reef. 1I Yet

. five of the eight sites do not comply wi.th this cri.terio·n. Ifsiteswithin
6 miles are not viable sites, then the analysis presented in Table 2~2 compares
only three real alternatives.· .

The alternative site. investigation should contain information· and compar.isons
of the ·re1ative environmental effects of each of the alternative sites.. For
example, Table 2-2 (page 2:-10)contains:no inforination;on the relative importance
of the ecological aspects of each site. .

Table 2-2, page 2-10 The weight (i.e., degree of importance) given to each·
criterion should be shown: Those criteriawhfch, if .not complied with, would
rule out the use of a site snould be identified. ".

Criterion 2 (central 3 miles should not be in potash district) and 4 (avoid
~known oil and gas trends) should take into account future exploration that may
~result from the known presence of potash, oil and gas. Although this future

exploration is acknowledged in the text, it is treated asa non-problem.
Substantiation for the non-problem view should be provided,
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Criterion 5 (at least one mile from the nearest dissolution front) considers
only present or accumulative rate of dissolution. The discussion should
clarify whether consideration was given to potential increases in-rate of
dissolution due to climatic changes in the distant future, i.e., the extreme
rates of dissolution.

Criterion 9 (distance and population of nearest town) considers only present
population. It should consider future growth.

Section 2.1.3, paoe 2~11, fifth paragraph References to the analyses in the
document should be given to support the concluslon that the remaining questio~s

in area 1 (;'e. ,criteriain conflict) "either &.:0 not affectrepos_itory integdty
or are found to be nonproblems."

Section 2.2.2 2 page 2-16 2 item 2 The document points out that it is unlikely
that there will be another opportunity to build a repository dedicated only tv
TRU wastes because future HLW repositories are expected to be available for
storage of both HLW and TRU waste. This is not necessarily correct unless it
includes a basis for assuming that TRU wastes and HLW will be compatible
(after breach of the respective containers). For example, TRU wastes from
dismantling and decommissioning may contain chenicals that could increase th~

mobility of radiont~clides in HLW.

Section 2.3.3, page 2-22 2 second paragraph The document states that WIPP
has the capacity to receive some TRU waste from dismantling and decontamina­
tion of obsolete w~apons production facilities. It should be noted that
dismantling and decommissioning (0&0) wastes can be very radioactive and
provisions for assuring their safe disposal should be discussed. Further, the
OEIS states that the transportation impact analyses presented later in the
document do not assume that any of the 0&0 waste is sent to the WIPP. The
assumption that nOI,e of thi s 0&0 waste is transported to the WIPP is not
conservative.- The final statement should include 0&0 waste in the transporta­
tion impact analyses.

Section 2.3.3 2 page 2-24 2 first paragraph For completeness, a brief discussion
should be included concerning the ultimate disposal of the experimental waste
recovened and removed from the WIPP. The discussion should also address
whether-the waste would be processed or packaged at the WIPP for transporta­
tion.

Section 2.3.3, page 2-24, second paragraph Provide the basis for stating
that !'litt1e defen5e high-level waste has been produced."

- Section 2.4.1, page 2-26 2 second paragraph 2 second item This item states
that the commitment to remove all nuclear waste brought into the experiJ'!lental
area means that the experiments introduce no long-term environmental risks of
their own. The experiments may result in providing a pathway f()r water migra­
tion or may increase the risk of mechanical failure, particularly when thermal
testing is performed. -Therefore, long-term effects may_ result from the experi­
mentsand this possibility should be factored into the analysis.
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A more specific system of referencing should be used. The statement that is
referenced should be keyed to the reference. Page numbers of the references,
where applicabletshould be given.
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SpecificComm~nts - Chapter 3

Chapter 3 In the economic comparisons between alternatives, the document
does not clearly specify which cost differences are for the WIPPproject
alternatives (e.g. , WIPP costs with an ISF vs. WIPP costs without an ISF) and
which represent the difference in cost to society (e.g. ,'cost of interim
storage for spent fuel and saved opportunity cost of the WIPP investment).

There should be a section that compares the relative costs and benefits of
alternatives. The comparison should include a cost estimate in constant
dollars and an estimate of the environmental impacts (both radiological and
nonradiological) for each alternative.

Section 3.1, page 3-1, second paragraph This discussion indicates that no
releases of radioactivity are expected to occur at INEL as a result of natural
disasters for the next 100 years. The discussion should state the basis for
this assertion and why such events are not expected during this period. A
stronger case should 'be made for the urgency of moving the wastes to the WIPP.

In the third "j ine, "produce in" should be IIproduce. II

Section 3.1, pages 34 and 32 The alternatives that are offered are either
no action or programmatic delays of 2-6 years to qualify other sites in salt
(bedded and domed) and in other geologic media. The statement points out that
there is no. significant increase in risk to the health ,and safety of the
pUblic over the near term if the TRU waste intended for the WIPP repository
remains in INEL. Thus, without an urgent need ftr geologic disposal of the
TRU waste at INEL, the draft statement fails to make a strong case for the
proceeding with WIPP before the analyses of alternate geologic media and,
alternate sites are completed.

Section 3.1, page ~'-2" first paragraph This discussion predicts that an
individual lung dose of 9 rem and references Table 3-1, Subalternative 3.
However, Table 3-1, Subalternative 3 shows a lung dose of 0.2 rem. The dis­
crepancy(a factor of 45) should be resolved.

Table 3-1, page 3-2 The basis for the estimated doses due to volcanism and
intrusion should be discussed. It seems unlikely that consequences of a
future volcanic eruption and resulting lava flow would be ten times higher
than that resulting from intrusion by man. Also, there appear to be other
rel~ase mechanisms that are not accounted for but which should be ass~ssed,

i.e., releases due to accidents (plane crash, nearby explosions), glaciation,
climatic changes and tornadoes. The action of groundwater should be accounted
for.

The individual bone dose of 0.8 rem for the volcano mecha)lism, Subalternative 2 it
should be 0.08 rem (see Table 9-63, page 9-171).

Section 3.2, page 3-3, second paragraph The denial of mineral resources
should be added to the list of site impacts resulting from WIPP.
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~ Sped fi c Comments -Chapter 3

Chapter 3 In the economic comparisons between alternatives, the document
does not clearly: specify which cost differences are for' the WIPP pr.oject
alternatives (e.g., WIPP costs with an ISF vs. WIPP costs without an ISF) and
which represent the difference in cost to. society (e.g., cost of interim
storage for spent fuel and saved opportunity cost of the WIPP investment).

There should be a section that compares the relative costs and benefits of
alternatives. The comparison should include a cost estimate in constant
dollars and an estimate of the environmental im~acts (both radiological and
nonradio10gical) for each alternative.

Section 3.1, page 3-1, second paragraph This discussion indicates that no'
releases of radioactivity are expected to occur at INEL as a result of natural
disasters for the next 100 years., The discussion should state the basis for
this assertion and why such events are not expected during this period. A
stronger case should be made for the urgency of moving the wastes to the WIPP.

In the third line, "produce in" should be IIproduce. 1I

Section 3.1, pages 34 and 32 The a1ternative~ that are offered are either
no action or programmatic delays of 2-6 years to qualify other sites in salt
(bedded and domed) and in other geologic media. The statement points out that
there is no significant increase in risk to the health and safety of the
public over the near term if theTRU waste intended for the WIPP repository
remains in INEL. Thus, without an urgent need for geologic disposal of the
TRU waste at INEL, the draft statement fails to make a strong case for the
proceeding with WIPP before the analyses of alternate geologic media and
alternate sites are completed.

Section 3.1, page 3-2, first paragraph This discussion predicts that an
i,ndividua1 lung dose of 9 rem and references Table 3-1, Suba1ternative 3.
However, Table 3-1, Subalternative,3 shows a lung dose of 0.2 rem. The dis­
crepancy (a factor of 45) shou1d be resolved.

Table 3~1, page 3-2 The basis for ~he estimated doses due to volcanism and
intrusion sho~ldbe discussed~ It se~ms .unlike1y that consequences -of a
future, v01canic,eruption and, resulting lava flow would be ten times higher
than that resultil)gfrom intrusion by, man. "Also', there appear to be other
release mechanisms that are not accounted for but which should be assessed,
i.e., releases due to accidents (plane crash, nearby explosions), gl'aciation,
climatic changes and tornadoes. The actionof:groundwater should be accounted
for.!

The individual bone dQse of. 0.8 rem for,the'vo1canomechanism, Suba1ternative 2,
should be 0.08 rem (see Table 9-63, page ~~17l). _.

Section 3.2, page 3-3, second paragraph The denial of mineral resources
should be added to the list of site impacts resulting from WIPP.
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Table 3-2, page 3-4 The footnote states the TRU waste volume from INEL for
the CH level as 2.4 x 106 ft3 , and full capacity of the CHlevel as .
70 x 106 ft3 • Provide the source(s) of the TRU for the remaining 67.6 x 106ft3

of TRU waste not from INEL. Also. it is previously stated in Section 1.2
(page 1-4~ ninth paragraph) that the receipt rate is 1.2 x 106 ft3 /yr. .At
this rate, approximately 60 years would be required to receive and store the
70 x 106 ft3 of waste, contrary to the 30 year design life (Section 1.2,
page 1-4, eighth paragraph).

Table 3-3, page 3-5 The 11.6% of U.S. reserves estimate for langbeinite
should refer to foutnote "b" rather than lIa."

Section 3.2.·1, pagt; 3-6, first paragraph. The first sentence states that
mineral resources uwi 11 eventuallyi' be released for exploitation•. The second
sentence statas thi'lt subsurface development "wou ld probablyll be allowed in the
outer contro'lzone (emphasis added). These statements are not ,entirely con­
sistentwithone another and should be reconciled. If the conclusion is that
mineral resources will be recovered, justification for that conclusion should
be provided.

The reference to Section 8.1.2 in the second sentence should be Section 8.1.3.

Rules under which some of the subsurface development rights could be restored
are not clearly defined in either this section or in Section 8.1.3.

Section 3.2.3, page 3~9, first paragraph Radi~logica1 dose estimates in
thiss~ction should be made on an annual basis. For example, if a truck
driver receives an average 'exposure of 40 mrem per trip and makes a few trips·
during a one-year period, the total annual exposure would be on the order o~

background.. Additionally, transport workers, al~hough they may receive an
occupational radia~iondose, are not considered to be radiation workers in
accordance with the definition in 10 CFR 19. It may be more proper to compare
,their exposure to the levels permitted in unrestricted areas which should not
result in an exposure exceeding 500 mrem in a year.

Tables 3-6 through 3-9, pages 3-10 through 3-13 These tables present dose
or dose commitments to individuals and the population. The 50-year dose
commitments calcu.1ated are due to repository oper~tion in a period of one
year. However, the natural background dose commitment was obtained by multi­
plying the natural background radiation received in one year times 50 years of
exposure. This is not a consistent comparison. The latter is not a 50 year
dose commitment due to one year's exposure, but is a cumulation of 50 years of
~ackground exposure. To be consistent, the background radiation dose commit­
ment'for one year's exposure (~ 0.1 rem) should be pr~sented. This will in
turn alter the percentage comparisons between exposure due to repository
operation and natural background. Such comparisons should be revised accord­
;ingly throughout the document.

Section 3.2.5, page 3-10, first paragraph The Qocument states that no
release of radioactive material is expected after the repository is sealed. ..,.
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The basis for this assumption should be presented taking into account all the
reasonably likely events that could affect the repository. (See comment on
Section 9.5.) \

Table 3-7, page 3-11
of i1 a.1i

The superscript on IIworst sector ll should be "b" instead

Section 3.2.7, pages 3-13 and 3-14, second paragraph,item 1 It is stated
thatllabout one-thirtieth of the know u.s. reserves of the mineral langbeinite
will be kept from exploitation for a long time, possibly several decades. 1I

This statement implies that the 1angbeinite will be mined at some time in the
near future (several decades). Such a statement should be accompanied by a
full analysis of the potential impacts of mining with special emphasis on
waste isolation.

Table 3-10, page 3-14 Please clarify how the employment percentage figures
presented under Socioeconomic impacts were calculated (i.e., whether the
figures apply to population, employment, or labor force).

Section 3.3, pages 3-17 and 3-18 The summary fails to emphasize the degref!
change of environmental impacts between a TRU/I~F facility and a TRU facility.
It is not apparent that the reduction of doses from normal operation, trans­
portation, and accidents is insignificant. For example, this summary conflicts
with the statement presented in the discussion on possible long-term impacts
in Section 3.4, page 3-25: IIIn the analysis of long-term impacts at the
reference repos ito', 'Y, the releases from spent fuel have much more severe
effects than the releases from TRUwaste (Table 3-7 and Section 9.5.1).11

Section 3.4, page 3-23, fifth paragraph Please provide the references or
the employment pre Jictions ranging from 1,000 to 1,500 employees at a HLW
repository in salt.

Section 3.4. page 3-24, fourth paragraph For clarification. it is sugg~sted

that a numerical comparison be made between the estimated dose commitment for
a HLW repository and the doses received from natural background sources.

Section 3.4, page .. 3-25, Possible long-term impacts The discussion should,
clarify whether the effect of mixing chelating agents and organics (that may
have been added to TRU wastes to facilitate dismantling and decommissioning)
upon the mobilization of HLW was considered. '

Section 3.5.1, page 3-27, second paragraph The document implies that the
generation rate of defense TRUwaste is dependent' upon the timing ,of WIPP.lt
is not apparent how the delay of WIPP would increase the 'quantities of defense
TRU waste.

Section 3.5.1, page 3-27. fourth paragraph Please explain, in greater detail
how the estimated delay cost of $280 million was calculated. Does it include
(1) the saved opportunity cost of the WIPP investment, and (2) the cost of
interim storage elsewhere? Also this figure should be recalculated and pre­
sented in constant dollars to reflect the true cost of delay and reinitiation
of present efforts.
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Section 3.5.2, page 3-31, second paragraph The document states that "no
rigorous comparison of the long-term impacts of TRU-waste repositqries at
alternative sites can be made. 1I It is the view of the NRC staff that suchan
analysis is requir~d to perform a proper NEPA analysis.

Section 3.5.2, page 3-31, second paragraph The document states. that studies
to date have shown no reason to expect that any of the sites are clearly safer
than the others. A repository in basalt may have a significant advan~age over
the other considered media due to a reduced potential for intrusion (e.g.,
basalt sites are nt.t likely to be explored for oil and gas).
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Specific Comments - Chapter 4

Chapter ~t page 4-1, second paragraph Since it is the judgment of the NRC
that the OElS does not present a detailed and comprehensive analysis of
alternatives, we cannot accept the conclusion that the choice between alter­
natives rests "largely on programmic considerations."

Chapter 4 The programmatic impacts should include a discussion of whether
the concept of co-storage of TRU and HLW is feasible from the standpoint of
interactions between the two types of waste~ Aithough compatibility is
assumed, it may not be true. Thus, some altern:'1tives may not be feasible.

Chapter 4, page 4-5, Summary It is not apparent from the summary that
alternative 6 does not merit favorable consideration since it is a combination
of alternative 3 (i.e., no ISF) and alternative 5 (i.e., delay and possibly
relocate). Please provide the rationale for alternative 6 not receiving more
favorable consideration.
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Specific Comments ... Chapter 5

ChapterS Thi s chapter sets forth the acceptance cr; teri a for wa.~te forms.
However,the document does not provide a description of the anticipated waste
forms and associated packaging. The final statement should provide a detailed
description of the anticipated waste forms, including a des~riptionof the
containers, packages, overpacks, and any other additional engineered barriers,
for all radioactive wastes to be emplaced in the WIPP facility.

This chapter considers alternative processing techniques for finalizing the
waste form of TRU w~ste. A similar analysis should be provided which evalu­
ates the various te~hniques for processing spent fuel into other waste forms.
The analysis should consider on a comparative basis the environmental impacts
of each alternative, including the one which is proposed.

Section 5. 1,pages5-1 through 5-7. The criteria and design measures for
insuring the preclusion of criticality events should be provided.

Section 5..12 page 5_-1, second paragraph The document states that a fi ria1
waste form acceptance criteria document will be published in July 1979.
Please relate whether this document has been pUblished yet for pUblic dissemill­
ati on.

Section 5.1.1, page 5-2, third paragraph Combustible materials are defined
herein as any material that will sustain combustion in air at a temperature of
1475°F for a period of five minutes. The technical basis for this definition
should be stated, including the testing method and environment, or the applicable
industry code (e.g., ASTM).

Section5.l~1, page 5-2, fourth paragraph Gas producing materials are
defined herein lias any material that produces gas during its decomposition. 1I

This definition seems so all inclusive that it should be made more restrictive.

Section 5.1.2, page 5-2, first paragraph Contact handled wastes are defined
as waste packages with surface dose rates no higher than 200 mrem per hour.
The technical basis for this limit should be presented.

Section 5.1.2, page 5-3. third paragraph The document states that waste
form criteria must exclude hazardous materials. Hazardous materials should be
defined and the technical support for exlusion of these materials should be
provided.

The document sets a limit of 10 percent by weight per room for gas-generating
waste. As noted in an earlier comment regarding the definition of gas pro'"
ducing materials, any discussion involving gas generating waste has no meaning
until IIgas generating waste ll is defined more specifically.
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Section 5.1.2, page 5-3, fourth paragraph It is stated that any combustible
container must be overpacked with a disposable steel container. The final
statement should clarify whether steel is the only allowable overpack material
and whether the DOT-7A plywood box must be overpacked with a steel box.

Section 5.1.2, page 5-3, fifth paragraph; Table...S-1 •. r.~ge 5-4; and
Section 5.1.2, page 5-6, third paragraph The Ut:':I';"gn life of the waste
container for CH and RH TRU waste is given as at least 10 years in order that
containers may be retrieved intact." This assumes that the required period of
retrievability will be less than 10 years. It is the current NRC 'staff opinirn
that for a deep geologic repository the wastes Silouldbe capable of being
retrieved during the operating period and the time period necessary to retrie\e
the waste.

Table 5-1, pages 5-4 and 5-5 Paragraph 2 of Section 5. 1 states that the
Waste Acceptance Criteria Steering Committee (WACSC) "reconciles the interests
of various agencies involved with the production, treatment, and disposal of
defense TRU wastes." The section then goes on to discuss interim criteria for
waste forms. It is not clear if the interim criteria listed in Table 5-1
represents the present views of the WACSC on acceptance criteria. Further­
more, it is not kno'Nn whether the table is a complete 1i sti ng of the acceptance
criteria as they are presently envisioned. "

The criteria for containers and packages should be specified as DOT Type A
requi rements. "."

The criteria assumed in Section 5.2 indicate that there will be no pressurized
gases and no pyrophoric materials in the TRU waste. However, this tablet
wh;ch sets forth tht:.! interim acceptance criteria,does not identify pres-
surhed gases as a consideration in setting criteria and indicates that small
quantities of pyrophorics may be accepted. Please resolve these discrepancies.

Section 5.1.3, page 5-6 Acceptance criteria for spent fuel should be developed
and presented in the final environmental impact statement. These criteria
should be consistent with the criteria applied in the environmental evaluations
(e.g., Section 9.2.7). In addition, a detailed description of the anticipated
waste forms and their associated packaging for spent fuel should be provided
in the final statement.

Section 5. 1. 4,page 5-7, f1 rst paragraph Acceptance criteria for the experi-
mental waste form and associated packagi.ng should be described in the final
statement. These criteria should be consistent with the criteria applied in
the environmental evaluations (e.g. t Section9.3.1l.

Section 5.2, page 5-7, second paragraph" This section assumes criteria, . "
" (stated to be conservative) in estimating the environmental impactsofshipPlng

TRU waste and handling it at the reference repository. These criteria are:
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No explosive materials

Nopyrophoric materials

No·pressurizedgases

No free liquids

25 percent combustibles

10 percent dispersible powder

The above criteria are not conservative in predlcting maximum environmental
impacts because there is the potential that the TRUwaste will not conform to
the assumed criteria. For example, there is potential for small amounts of
pyrophoricmaterials to be included in the waste, and some free liquids could
be present. Furthermore, NRC considers there should be no combustibles and
the waste form should be non-dispersible. A detailed analysis should, be
presented to show that the assumed criteria are indeed conservative and. that,
the use of these assumptions would really result. in the maximum environmental
impact.

Section 5.3.1 a e 5-9 fourth ara ra h This section presents the DOE
nding that the slagging pyrolysis incinerator is lithe superior process and

holds the highest promise for producing non-combustible, immobile waste pro­
ducts that are free of gas-producing material. II The final statement should
contain a comparative analysis of the environmental effects of e$chof the
prQcessing methods and the basis for selecting the slagging pyrolysis inciner-
ation system 'should be provided. '
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Specific Comments - Chapter 6

Section 6.1, page 6-1 It is incorrect to state that DOT IIhas primary responsi-
bi1ityll for transportation regulations. A description of the overlapping
responsibilities of DOT and NRC would be appropriate in addition to a description
of their assigned functions under their memorandum of understanding. For
example, although the discussion in Section 6.2 recognizes that packages must
meet DOT regulations, NRC certification of packages is 'not mentioned. Although
NRC certification of packages used solely by DOE contractors is not required
by law, the DOE ha! been requiring its contractors to obtain NRC certificatio~

of their packages (an arrangement not discussed in this chapter). , If the WIPP
faci 1ity were to recei ve packages from NRC licensees, the NRC regul ations
would require NRC certification of a TypeB package, not authorized as a DOT
spe~ification packige.

Section 6~2, pages 6-1 and 6-2 It is suggested that the'discussion on
regulations be expanded. Also~ it should be noted that the discussion regard-
ing route control reeds to be updated (see comment on Section 6.2.3 regarding
route control).

Section 6.2.1, page 6-2, second paragraph The qualification that heat
dissipation is important to containment features of package design also applies
to shielding and subcriticalityfeatures•

.Section 6.2.1, page 6-2, RegUlations to insure aJequate containment, first
paragraph The proper reference in the first sentence should be 49 CFR 173.

The word II s ize ll should be replaced by the word "quantity."

·In proposedrevisi'Jns of regulations (revised 10 CFRPart 71; new 49 CFR
Part 127 to replace 49 CFR 173.389-173.398), which are still under review, the
concept of large quantity is eliminated.

Type A and Type B packages differ not only in quantity of contents, but also
in response to the transportation ..environment. I Type A packages must be deter­
mined (by the user, with the requirement that the documentation be kept on
file at least one year after the latest shipment (49 CFR 173.395 (a) (1») to
meet standards for normal transportation·conditions. Type B pack~ges must be
certified by the N!{C to meet standards for both normal transportation con­
ditions and transp0rtation accident conditions.

Section 6.2.1, page 6-3, first paragraph' In place of the clause in ~he'

fifth sentence describing Type B package requirements, the following rewording
is suggested: 1I ••• a Type B package must be designed~o withstand a series of
specified impact, puncture, and fire environments, providing reasonable
assurance that the package will withstand most severe transportation accidents ... l1

The last sentence in this paragraph is misleading. The. regUlations require
~Type B packaging for Large Quantities but there is no Large Quantity package.

Thus, no difference exists for Type B packages containing smaller amounts of
radioactive materials. One regulation does exist, however, for which the
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sentence is true' concern; ng advance' noti t~.o,f·fabr'i'~i3.tiQh'fdrpa2kages
designed for decay heat load i nex~e.ss 'oJ 5',.kiorfcH~~dpe'r.a:t:iBg·p:iessJil"ein
excess of 15 psi g. . , .. ' .•:;'.>, .;,.,,:
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Section .6.2.3,. page 6~4 :.<J~;rst. gar~grapb .'. ·;I~::the-:Ja.st-.'!;'e~t,e'n¢~j~the.,:wot·d::
listandardsushould be IIreglJlations.u, " ,,:,- '" ,", ..

. ... ' '

. " . ,"

." .. .

, :."

, ' . ' .. ,~ .

Section 6.3.1, page 6-5: second ,parag~~l'ph: ,Th~! lJSe'o{'t~e'ATMX-'raijt:a?is
questionable becau~,e i tdoes not :me~t the. reqlJ5rernents of a Type"B, ,package. '.'. .". ~ . .. , ,.' ." .. . ' '. ..... ...... . - .

Sect; on 6.4: page 6-8, secondr~aragraphThestat~r~entt11a:tthe'v(r1omeof,RH,
TRU waste at ORNL is i ncl uded in ,determini ng,the nurnb~r:orst1ipments,~'~ven .
thoughth~ RH TRU 'faste at ORNLis not readHy retr.;-evahle, . i S:A nQh s.equ,i tur.

" - - ',.'-. .: ...... , . ,,;' .~;. . '-;.~""" ~,..". '.' '.

.. ,'"

Effects of dedicated routes other than routine exp.lJsur,e 'fromroute,selections
should be analyzed and discussed: . enhancement Of emergency' -response,"
political advantages and disadva'ntages, etc..-'· . ". ,"

Sect.ion 6.4. page 6-10, firstparagra£!l Are -random ,tout.es ordinarily, ..
practiced? It seems to require a 'conscious manager·ial ..decisiQr.n'ottp~.use .
particular routes, even thol,lgh they might not be' called ',dedicated. '. to 'minimize
exposure to pa,rticularpopulations. . ':' ' ., ", '.
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Section 6.4, page 6-11, first partial paragraph Please describe why reduced
speed and controlled passing, as would, be associated with special trains, do
not reduce the radiological risk significantly when, as explained on the
previous page, the extra mileage from special routes may increase the
probability of accidents.

Section 6.5 through 6.7, pages 6-11 througt,c"6-~b -,:\Ythough the ..impact due .to
routine transportation of the experimental high-level waste may be negligible
compared to routine shipment of the other wastes, a HlW transportation acci­
dent maybe the worst case accident situation. Itis recommended that these
sections address the information and analysis to determine the impact. The
accident dose resulting from HlW shipments should be included.in Tables 6-13
through 6-15. Table 6-16 should then be revised to show that the frequency of
this accident is very low and hence the contribution to the total risk (con­
sequence x frequency) from HlW accidents is very small.

Section 6.5.1, page 6-12, first paragraph Some indication should be pro-
vided regarding the impact of having to build additional ATMX cars and Super
Tigers needed to work off the backlog over the lO-year period.

Section 6.6, page 6-15
control.

This paragraph should also recognize NRC regulato~

Section 6.6.1, page 6-15, second paragraph Tables 6-9 through 6-11 do not
contain data to st.:p')ort the conclusion described in this paragraph that·
handlers and nearby workers receive e'xposures exceeding those of the vehicle
crew. Please provide information to support thi~ conclusion and identify
whether the handlers and nearby workers are defined as radiation workers in
the facilities of the consignor or consignee.

People near the shipment~ may receive the greatest doses, but the document
should state that the observed dO,ses are small..:

Section 6.6.2, page 6-15, first paragraph It should be noted that
NUREG-0170 analyzed the transportation :of radioactive material in 'general, not
just radioactive waste. . ..

Section 6.7, page 6-20, second paragraph It would be useful to clarify that
empirical data were used for paramet~rs in the a;:cident: analysis which differ
considerably'from the co~servative.assumptions used 1n the 'NUREG-0170
..."alysis.· . . .,...

Section 6.7.2, page 623, -first pafagraph . Th~ .,meteoro'logical conditions used
are not conservative for. the .scenario descr.ibedof .atransportationaccident
in an urban area'. Therelation~hips:among' the ,.fe1eas·emode, 'meteorological
conditions, evacuation'timing, and reslaspension 'of spilled powders 'shou1d be
reviewed to assure the desired ~onservatism rem~ins in the analysis~

. For an assumed effective release hei ght of 20 meters, a tl ass F stabi li ty
~onditionis not conservative for assessing ground-level concentrations.

Rather unstable stability conditions will Qroduce higher ground-level
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The word "breeching" in the

concentrations within several hundred meters of the release. For example,
within 200 meters of a 20-meter high release point, ground-level concentr~tions

assuming a Class B stability can be 3 to 15 orders of magnitude greater than
if a Class Fstability condition was assumed. Also a ground-level release and
aClass'Fstability would provide a more-conservative approach from a meteoro­
logical standpoint. In an urban area with many buildings, it is-more likely
that an initially elevated plume will be entrained into the wakes, of the
buildings and act more like a ground-level release.

Section 6.7.2, page 6-23, third paragraph The removal of contaminated food
from distribution ooes not completely el.iminate ~he food pathway although it
may render the patt.way as being an insignificant contribution to the do~e.

Another course of action that local health authol'itiesmight_ take to eliminate
the ingestion hazard is to impound contaminated land. ' ,

Section 6.7.2, page 6-24, first partial paragraph Please provide therefereilce
for the discussion on the solidification ofCH TRU waste after 1981.

Section 6.7.2, page 6-24, second paragraph Provide the basis for selecting
awindspeed of 2.5 mph for determining air entrainment of dry powders, and the
basis for then incraasing the entrainment percentage by a factor of 10. For a
conservative as~essment, a windspeed should be selected to provide the highest
downwind concentration considering both resuspension and atmospheric -dis­
persion.

Are the empirical formulas by Mishima and Schwendiman valid for wind speeds
greater than 2.5 mpn?

Section 6.7.2, pag~ 6-25, third paragraph
fourth sentence should be "breachingll

Section 6.7.3, page 6-26,'second paragraph Please explain the basis for
determining that the maximum dose for an individual is at one-half mile from
the accident (e.g., time for release to occur, release concentrations). Dis­
cuss the effects on people at distances within ,the one-half mile radius.
Describe what- evacuation measures will be taken, particularly for faster
transport reSUlting from more likely windspeeds of greater than one meter per
second.

Section 6.7.3, page 6-27, -third paragraph, The ~irst sente~ceis unclear
regarding the results of the four hypothetical acddents. Compounding unlikely
circumstances make the consequences appear larger, not relatively unimportant.
Only when probabi 1ity is considered wi 11 the sentence be true.

Tables 6-13, 6-14, and 6-15, pages 6-27 and 6-28 For·cl~rification, these
tables should note that they apply to an assumed transportation :accident.

Section 6.8, page 6-29 This discussion does not accurately describe the
results of the study by DuCharme. While the results of the DuCharme study may
not be applicable to the transport of aged defense wastes, the consequences he ~_

described of the successful sabotage of a shipment of spent fuel were certainly ~

significant. It is suggested that this section be expanded to provide elabor-
ation of the topics.
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Specific Comments - Chapter 7

Section 7.1, page 7-3, second paragraph Please state the length of the
proposed extens i on to the railroad spur. "

Section 7.2.5, pages 7-26 through 7-31 This section lacks any discussion of
the tectonic development of the region with respect to plate-tectonics. Such
a discussion should be included. Additionally,discussion of percent tectonic
activity in addition to earthquakes should be included (i.e., geodetic moveme~ts,

residual and tector,ic stresses, rates of present day upli ft or subsidence).

Section 7.2.6, pag! 7-32; eighth paragraph The discussion notes that water
injection into wells has been used for recovery of hydrocarbon resources. The
effect of this injection on salt dissolution in the site vicinity should be
assessed.

Fi~ure 7-13, page 7-38 The figure is considered inadequate for proper
selsmic assessment. It should delineate major structural features, historic
earthquakes, locations of seismic instruments, mines, and producing and abandoned
0;1 and gas wells.

Section 7.2.6, pages 7-39 and 7-40, Earthguakes in the Central Basin platform
Salt water disposal. wells and secondary hydrocarbon recovery operations exist
in the Delaware Basin. The effects of these activities on seismicity and
waste isolation should be considered. Studies of these types of activities
"should consider the likely increase in secondary recovery operations in the
future as hydrocarbon resources become more valuable.

Section 7.2.6, page 7-40 2 second paragraph Th~ earthquake risk analysis
starting on page j"-40 is based on the assumption given in this paragraph- that
the Central Basin Platform structure limits earthquake magnitude. However,
the document states that evidence supports the explanation that minor shocks
observed were caused by human activity (see item 3, page 7-40). Justification
should be given for ignoring the assumption that minor seismic shocks are
related to human activity. . "

Section 7.2.7, page 7-42 2 second paragraph "Estimates of reserves are based
on "present economic conditions. II Estimates based on extrapolations of pre-
sent economic conc-ltions :in the near term and fal' term should be<considered.
Also, differences in costs r~sulting from 'changesineconomit or social structure
or the development "of more efficient mining methods should be· evaluated.

Section 7.2.7, pages 7-42 through 7~46,"Methods"used to determine potash
resources at the reference site Formal resource cr.;terion have been estab-
lished by the U.S. Geologic Survey (USGS)'and U.S. Bureau of Mines (USBM).
Resources are defined as naturally occurring-materials such that, 1I ••• economic
extraction of a commodity ;s currently or potentially feasible ll (USGS
Bulletin l450-A, 1976). WIPP potash resources should be classified according

W
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to such a standard definition and justification given ,for ciasslfyi'rlg,mirieral;
occurrences as being subresource quality or not potentially feasible.

Section 7.2.7, page 7-44, fourth paragraph
between avera,ge and minimum richnesses.

Figure 7-16, page 7-46 Justification for th\!:"ab'f"UPt decline of the dashed
extrapolations should be provided.

Section 7.2.7, pages 7-46 and 7-47, Methods usect to ,determine potash reserves
at the WIPP reference site The potash reserve estimate is subject to change
since it is based on var.iable prices and production costs. Future changes in
potash and potash product pri ces and producti on costs' shoul d be predi cted and;
their effects on reserve quantity should be estimated. Since waste isolation
may necessitate the long-term denial of WIPP site mineral resources,resource
denial analyses should consider long-term impacts.

Estimates of the magnitude of potash reserves denied byWIPP are ,given only in
terms of the amount present within WIPP site boundaries. However,restric­
tions on mining within the WIPP site may prevent the profitable exploitation
of potash reserves in adjacent areas, thereby effectively denying reserves
outside WIPP site boundaries. Similarly, denial of the mineral reserves of
control zones I, II, and III may result in the effective deni,alof control
zone IV deposits (see Section 9.1.4.7). This aspect of mineral resource
denial should be crnsidered.

Section 7.2.7, page 7-47, fourth paragraph and Table 7-8, page 7-49 The
hydrocarbon resource estimation was considered complete since, IIAll poten­
tially productive lones were considered in the evaluation •. '. II , It would
appear from Foster, 1974, that some potential resources exist in the Ordovi­
cian interval. Justification should be given, for not assigning any potential
hydrocarbon resources to this interval.

Section 7.2.7, page 7-48, first paragraph The hydrocarbon study by the New
Mexico Bureau of Mines and Mineral Resources identified reserves by calcu­
lating past and fl!ture production. Justification should be given for the
presentation of these identified reserves as resources in the final statement.
Precise definitions directly applicable to hydrocarbons should be given for'
reserves and resources.

Section 7.2.7, page 7-50, first paragraph The uncertainty of hydrocarbon
resource and reserve estimates should be determined and'~haracterized. Con­
sideration should be given to the uncertainty of decline curve reserve estimates
used to define hydrocarbon production. The decline Cilrve estimates made by
Sipes, Williamson, and Aycock were based on relatively short, production spans "
which ended in 1976. Discuss how recent hydrocarbon well production figures
have affected new well decline curve reserve estimates. ,Describe whether: this
updated information would affect hydrocarbon reserve estimates at the WIPP
site.
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- 'Section 7.2.7, page 7-50, first paragraph The document states that "there
has been no actual drilling within control zones I through III." This statement
conflicts ~ith the drill holes in zones I through III depicted in F~gure 7-15,
page 7-43, and Figure J-l, page J-2. Please resolve this discrepancy.

. .

Section 7.2.7,pages7-50 and 7-51, Results of the hydrocarbon~ reserve
estimate It is stated in the do.cument that only a single zone, the Morrow
Formation of Pennsylvanian age,is worthy of exploration risk. The 1976
Sipes, Williamson,and Aycock study included reserves in the Strawn and Atoka
formations as well as the Morrow zone.

The 1976 Sipes, Williamson, and Aycock study identified substantial hydrocarbon
reserves in the Bon~ Springs and Delaware Mountain Group 'of the Los Medanos
field. The reserve potential of pay zones other than the Pennsylvanian should
be considered.

Possible drill sites are identified on.the basis ~f subsurface rock structure.
Since stratigraphic and combination stratigraphic/structural Pennsylvanian
traps may be more r.ommon than structural traps in the Delaware Basin (Foster,
1974), th'e potentic 1 for hydrocarbon reserves in WIPP site stratigraphic and
combination stratigl'aphic/structural traps should be assessed.

Justification should be given for the per well estimates of 1.33 billion to
2.09 billion cubic feet for Pennsylvanian natural gas production,particularly
in view of New Mexico Bureau of Mines and Mineral Resources estimates ranging
from 3.2 to 7.2 bcf per Pennsylvanian well.

No Atoka hydrocarbon reserves were assigned to proposed drill sites 3, 14, an~
15 in the Sipes, Williamson,and Aycock study (see Table 3 of the study).
Atoka formation hydrocarbon reserves should be e' aluated and included for
proposed dri 11 sit..~s 3, .14, and 15.

Possible drill sites are ranked according to hydrocarbon presence potential.
(For example, see Figure 7-18 which identifies proved undeveloped probable and
possible rankings.) Since these rankings (or drilling risk factors) are used
to estimate WIPP site reserves, quantitative justification for their magnitudes
should be provided.

Potential drill sites in the Los Medanos area of. the WIPP site are spaced at
about 160 acres perwell, while those located at other points at the WIPP site
have per well spacing of 320 acres (see page 23 of the Sipes, Williamson, and
Aycock stUdy). Justification should be given for per well reserve estimates
in light of unequal well spacing.

According to the Sipes,Wi11iamson, and Aycock stUdy, page 20 t a large (35.9 bct)
natural gas reservoir exists in the Atoka formation of the Los Medanos field
just outside the WIPP site boundary. The potential for the presence of such a
large reservoir within the WIPP site should be evaluated. .

The results of hydrocarbon resource estimates indicate potential hydrocarbon
resources under the site. Thus, detailed discussion appears warranted as to
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why the site is considered suitable in light of potential future drilling for .
hydrocarbons •

.Section 7~3.,2,pages7-62 through 7-69 Given the importance of hydrology to
long~term repository performance,the discussion of hydrologic characteristics
of the various formations seems to lack the detail necessary for- an assessment.
For example, quantitative information such as hydraulic conductivity and'
poros i ty is' stated wi thout stating how the data was co1-1 ected, howrepresen­
tative it is, or if local variations are to be expected (as gleaned from the
site and off-site measurements). Descriptions ~f some formations employ terms
such as "lowhydra~lic conductivityl/ and uconfining bed. II Such terms should
be described quantitativelY. In conventional u~·age, a formation may bea

iconfining bed; howev'er, in assessing long-termperformance of the repository,
a quantitative assessment of hydrologic properties is needed (even for"confining
beds" and beds with "low hydraulic conductivity!.). .

Section7.3.2,pages 7-62 through 7-69 The document states ,on page 9-62
that an earthen dam (Brant1ey Dam) will be constructed on the Pecos River
between Artesia and Carlsbad. Would the reservuir created by the Brantley Dam

. have any effect or the regional groundwaterhyd,~ology or any other safety or
environmental aspect of the proposed WIPP facility?

Figure 7-21, page 7-63 The title block should state "southeastern New
Mexicou instead of "southwestern New Mexico."

Section 7.3.2, page 7-68, third paragraph The document notes that stable
isotope measurements indicate that sampled groundwater comes from rainwater.
More information should be provided on this assessment since it may bear on
assessments of long-term ground water flow. Also, some indication should be
provided whether the rainwater comes from the s;te or some distance away.
Additionally, some attempt should be made to date the groundwater.
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Itis stated that permission for
and III is contingent upon the
the nature, scope, .and timetable

Specific Comments - Chapter 8

Section8.L3,page 8-6, second paragraph
mineral exploitation in control zones I, II,
results of evalutions in progress. Describe
for completion of these evaluations.

Section 8.1.3, page 8-6, third paragraph The document states that continuous
or dri1l-and-blas1. mining in control ione IV for potash may be permitted
under DOE restrictions and that new wells for on and gas production may be
drilled in conformance with DOE standards. (em~hasis added) These DOE standards
and restrictions should be detailed in.the Final ',Environmental ImJ)act Statement.

Section 8.1.3, page 8-&, fourth-paragraph Th~document states that DOE will
exercise no control over land outside of control zone IV.' Discuss what con­
sideration has been given to the effects of secondary hydrocarbon recovery,
salt water disposal, solution mining, and other subsurface operations outside
Control Zone IV on the long-term .isolation capa~Jilities of the repository.
The Final Environmental Impact Statement should address these effects.

Section 8. 1. 4, .pages 8-6 through 8-8 Alternatives to the proposed rights-
of-way should be presented and compared with that proposed. An evaluation
should be presented which demonstrates that the proposed rights-of-way are thE
preferred alternatives. .

Section 8.2, page 8-15, first paragraph It should be mentioned that surfaCE
facilities, particularly where there are accesses to the mine shafts, will be
designed to withstand the effects of locally severe precipitation and floods.

Section 8.6, pages 8-27 through 8-34 This section does not discuss the
potential release of radioactive materials by the liquid pathways. Although
it is~ecognized that airborne releases are of major concern, as evidenced by
the release mechanisms outlined in Table 8-5 (page 8-29), the liquid pathway
should not be completely ignored.' /" , .

Section 8.7.3, page 8-36,third'paragraph' The infiltration estimate used is
not consi'deredreasonable for thunderstorms.' _The rainfall used in the evalu­
ation is most likely the'resu1t of a ~hu~~erstorm,and losses during such an
event are usually minimal becausettle rairifan·';ntfmsityis much greater than
the infiitration rate-for'short. periods of 'time. Alsq, a ,1O-yearrainfall
event is not severe' enough even to'use inthisanalysfs. A'50 tolOO-year
event would be a more standard hydrologic engi'neeringdesign' basis.,

, '

Section 8.9, pages 8-41 through 8-48, Th,is 'section.ta}<es the position that
the experimental and deVe lopment:al progr.ams,to be' conducted in the WIPP wi 11
result in no environmental impacts.. JostAficatiol'l for this position should
be provided. The descriptions of the R&D program should be greatly expanded

C~~ to discuss details of the programs. A partial list of items that should be
,., included follows:
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a. A description of the effect of these experiments on the repository environ­

ment as a whole or on the long-term behavior of other parts of the repository,

b. :A description of experiments with bare spent fuel assemblies or fuel
assemblies with exposed fuel pellets.

Section 8.9.2, page 8-43, Studies of radionuclide movement, item 2 This
item mentions that studies of leaching of contact handled waste will be con­
ductedto determine the extent to which water can mobilize radionuclides from
combustfble and non-c~mbustible wastes.. Current staff opinion is that no
combustibles will :Je allowed in a repository (see the comment on Section 5.2).

Section 8.9.2, page 8-44, . item 3 This. item states that laboratory studies
of actinide mobility are underway and will be checked by less-extensive in-situ
monitoring. The·staff comment is that in-situ t~sting of. act.inide mobility is
as important as laboratory testing and therefore it should be ,as extensive,
not less extensive. To date, l.ab testing has not been able to represent
i n-si tu conditi ons adequate ly. .

Section 8.9.3, paga 8-44, second paragraph Tile document states that studi~s

of the interactions of waste with bedded salt were performed between 1965 and
1967 in Project Salt Vault near Lyons, Kansas. A brief summary of the results
should be given along with a discussion of how they will affect the 'current
programs.

Section 8.9.5, pages 8-47, Experiments with bare waste Describe what
provisions will exist for the retrievability of bare waste. Describe the
retrievability process for recovery of the bare waste.

Section 8. 10, pages 8-48 through 8-51 The acceptance criteria should be
defined for the 1000 spent fuel assemblies that will be emplaced in the facility.

Traceabili-ty (Le., records) of these spent fuel assemblies should be maintainQd.

Methods of handling breached canisters should be described.

A contingency plan should be presented for the retrieval of the spent fuel
assemblies incase the demonstration program does not meet expectations.

Section 8. 10, page 8-48 This section is based upon a retrieval period of
20 years for spent fuel. The reference case, as described in Section 2.3.2
(page 2-19), states the retrieval period as 10 years. Please clarify this
discrepancy. Also see the app1i;cab1e comment on Section 1.2 regarding
retrievability. . .

Section 8.10.2, page 8-49 The criteria for determining the storage area
configuratio~ are not presented. The proposed configuration may meet the
specified thermal loading of approximately 30 kW/acre, but may not provide an
optimal thermal distribution in the storage area.
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.ction 8.10.2, page 8-49, second paragraph The proposed canister for the
spent fuel assemblies is described as a'single overpack fabricated from a
carbon steel pipe. The basis for selection of carbon steel as the canister
material should be given, i.e., a comparison of car-bon steel with alternatives
should be presented together with selection criteria.

Section 8.10.3, page 8-50 If retrieval of either the spent fuel or the TRU
waste were required at some point in the future, describe the plans for storing
or disposing of the retrieved waste from WIPP.

A more detailed de~cription of the spent fuel re~rieval system should be
provided. The description should contain the me~hod that will be used for
spent fuel retrieval, the anticipated time that would be required, and the
plan for retrieving damaged or deteriorated canisters.

If retrieval of spent· fuel were ultimately required, describe how the wastes
emplac'ed at the higher level (i.e., CH waste at the 2,100 foot level) would be
affected. Describe the measures that would be used to control the adverse
effects of subsidence reSUlting from retdeval rf.1ated underground openings.

Section 8.10.4, page 8-51" second paragraph The document states thatsignifi-
cant corrosion effects of spent fuel assemblies in canisters '''will probably be
minimal or nonexistent. 1I The basis for this statement should be provided,
including test data and results of analyses.

Section 8.11 ,page 8-51 The DEIS states (p.8-5l) 'that the retrievability period
for waste stored in the WIPP facility is ten years for TRU waste and 20 years for
spent fuel. As DOE is aware, the NRC staff has been considering various' approaches
to the question of retrievabil ity of waste. A possible approach to the retri re'.'3­
bilityissue is that the design of the repository facility and the stability of
the site be such as to allow the waste to be retrieved throughout the operatin~'

life of the repository, and as much as 50 years thereafter. The design should
be such that the waste could be retrieved with the same or less effort and in /
the same or less overall time frame in which it was emplaced. Waste canisters /
should remain intact during this period. In this manner, if some unfavorable /
information is developed during the operational-life of the repository that I'
indicates the long-term performance objectives will· not be achieved, corrective.
action can be taken. It also provides future generations the option to maintai/l
surveillance of the l'lastes before closure of the repository, if they choose to/
do SO. \ . /

.//r
Sectio~8.11, pages 8-51 through 8-53 The plan for disposition ofthe,~
contamlnated materials (i.e., waste,contaminated backfill and work materials)
should be described. .' .' ,

Secti~n 8. ~2.2J pages 8-55 and 8-56 .. The reference.repository description
contalned 1n the document does not take advantage of several types of engi­
neere~ barriers to radionuclide release that the staff feels could enhance.

Wreposltory performance. The staff feels. that consideration should be given to
the use of the backfill as a barrier to radionuc1ide migration; engineered
plugs to retard water movement within the repository. and radionuclide migration.
from the repository and multicomponent snaftand borehole seals. . .

P-83

I
I



\
\

! I

'// /

Section 8. 12.3 ,page8-56 The estimated time period and respe~tive criterta :.~
fortheadmi ni st~ative controls. should be provided.' Describe the provisions ,
if ,any, that will miti gate the ca1culated ac:cidentexposure resul ti 1'19 from
intrusion (i.e., drilling into the stored spent fuel 100 years after closure)."
Thi's section should discuss the size of the area (Le., distance from the
repository) over which post-decommissioning control $ would be exercised to
prevent activities that could adversely affect thehy~rology of the site or
its long-term containment capabilities. 'This is particularly important for
the WIPP site because of the mineral resources at and near the WIPPsite.

Specific Comments- Chapter 9

The reportshouldaddressuncertaintities, pro~abilitiesand statistics in
much greater detai 1. These sUbjects are essentially unaddressed in the DEIS.
For example, numeric.al ,values are shown in tables and figures (F.igure 9-2,
page 9-29, is one of many eXalnples) with no indication of the error band or
uncertainty in the numbers.,

Section 9. 1. 1.2, pare 9-3, third paragraph It is stated that soilimp~cts
from water lines alici electrical power 1i nes will be brief because thesOll
will recover after construction is completed.Pl~asedescribe the nature of

\ recovery (e.g., protective vegetaticm) and the es'timat'ed duration of the
\ impact.

Tables 9-2 and 9-3, page 9-4 Please provide th~ references for the numerical
estimates of the construction vehicles and equipment and their respective
sound levels.

Section 9.1. 1.3, page 9-4, third paragraph The reference to "spherical
divergence" should readuhemispherical divergenc::!." "Also, the amount of
attenuation of sound due to the ground cover in the noise path should be
indicated and referenced. This figure should be used to support the estimate
of excess attenuation beyond the6dB per doubling of distance attenuation due.
to divergence and'air losses for'the predicted noise level .at the James Ranch.
/'/
:.ection 9.1.1.3 a e 9;'4 fourth ara ra h If ambient sound level data is
a~ailablefor the'receptor slte i.e., the James RanchL it should b~ pro-
vifed'.

I~ /

Sectilcm:9. 1. 1. 3, page 9-5, first paragraph , The meaning of the term "broad
~as~cl! j~ the first sentence should be defined. ?erhaps this term should be
-Droad band. II

~ \\ I
~ ~/./

S~ction' ~L1.3, page 9-5. second and third paragraph. The overall period of
tlme oveTi/w~ichblasting operations will take place, 'the estimated frequency
of blast~, time of d3y when such activities will occur and estimate, of peak
overpre~sure\md corresponding dB level to which blasting will be limited
Shou~~/be pre~e~ted in the Shaft sinking section. ,

Section 9.1.1. 3, 'page 9-5, fourth paragraph Schedules and time of duration' ..,
o.f the other const~uction activities should be provided as bases for impact
assessments. '

p-84



Section 9.1.1.3, page 9-5, sixth paragraph If available, estimates of the
i1umber of truck deliveries per day should be provided along with an estimated
equivalent sound level (L ) for the delivery routes (which should be identi-

~ed) so .that an est1mateeSf the likely total affected population may be
"IIIIIIJrepared.

Section 9.1.1.5, page 9-9, fourth paragraph The referenced documentation by
Anderson, Mann, and Schugart, 1977, describes the positi'veoeffect of"right-of-way
corridors on bird populations in the forest of Tennessee. The same conclusion
does not necessarily apply to desert vegetation.

Section 9.1.1.6, page 9-10 Appendix I of the OEIS contains correspondence
between DOE and its consultants and various federal and state agencies involved
in the preservation of archeological and historical resources.· A letter on
this ,subject in App£ndix I (see pages 1-12 through 1-13) concludes that there
are 33 sites within the survey area that are eligible for the National Register
of Historic Places. However, the statement does not address whether construction
and operation of the WIPP facility will have an adverse impact on these sites.
The final envi~onmental impact statement should set forth any adverse impacts
resulting from construction and operation of WIPP on the 33 sites and, if
adverse impacts do result, determine whether there is a feasible and prudent
alternative to avoid or satisfactorily mitigate any adverse impacts.

Section 9. 1. 2. 1, palJe 9-11 . This section is very brief and, on the surface,
appears to underestimate water consumption. Please provide a description of
how the estimates were derived.

Section 9.1.3.1, page 9-13 This section does not address the impacts to the
terrain and soils resulting from the salt particles discharged from the venti­
lation exhaust (see Section 8.7.5, page 8-37, seclnd paragraph). To evaluate
the effects of the release of these salt aerosols, it would be necessary to
know the number and locations of the facility discharges and the dispersion
characteristics (i.e., distance and concentration).

Table 9-11, page 9··~7 It is not clear whether this table compares WIPP site
resources and reserves with deposits that have not yet been exploited or that
also include previously exploited deposits. Site resources and reserves
should be compared with similarly in-place resources and reserves. Please
clarify.

Sections 9.1.4.3 and 9.1.4.4, pages 9-18 throug~ 9-21 The present and I

projected dollar values of WIPP site mine.ralresources and reserves should be
1nc1uded in the 'fi na1 statement'~' "

The socioeconomic impacts pf the early denial of WIPP site mineral resources
are not considered in the WIPP OEIS. For eX:amp~'e, it is stated in Sections
9.1.4.4 and 11. 2 that' construction and operation of WIPP could shorten t'he
life of Carlsbad area langbeinite production by about five years. The effects
of the early curtailment of Carlsbad langbeinite production on area socio­
economics should be considered.

The final statement should fully analyze the significance of WIPP site potash
deposits, including quantitative'economic analysis of alternatives/to langbe­

c.~ inite,analysis of the development of future potassium and magnesium sources,
,., and the future worth ofWIPP site potash and other minerals. Specifically,

such minerals as po1yhalite, kieserite, and kainite should be considered.
Mineral significance analyses should address impacts over long-term time spans.
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Section 9.1.4.4, page 9-20, third paragraph Langbeinite resource.,and
reserve estimates by Agricultural and Industrial Minerals, Inc. (AIM) are
cited~ Describe how AIM defines resources and reserves.

Agricultural and Industrial Minerals t Inc. est~.~'f Co:rlsbai::f ar~a
langbeinite reserves'and resources are quoted lnt~elOtlS in terms of tons K20
equivalent. However t in the AIM studYt the same numbers refer-to tons pro­
duct. The figures in the statement should be ma1e consistent with the AIM
estimates. Since the origin of these estimates is not described in the
document or the AIM studYt the Carlsbad area langbeinite reserve and resource
estimates should b~ justified. .

Section 9.1.4.4, page 9-20, fourth paragraph WIPP site langbeinite reserve~

are estimated to correspond to five years production at the current Carlsbad
area rate. This is based on an annual production rate of 900,000 tons K20 as
langbeinite. This rate may be too high and should be checked. A lower rate
of production would increase the production year equivalent ofWIPP site
potash.

Section 9.1.4.5, page 9-21 Regional and national hydrocarbon resource and
reserve statistics are compared with the WIPP site estimated occurrences. It
is not clear whether the regional and national figures include previously
exploited deposits. Site resources and reserves should be compared with the.
natiq.nal and regior.~l amounts of similarly in-place hydrocarbons. Considera­
tion' should be given to the long-term relative importance ofWIPP site

\ hydrocarbon resources.

Section 9. 1.4.6, p~ge9-2l The present and projected dollar values of WIPP
site hydrocarbon reserves and y'esources should be included in the final
statement.

~tion9.1.4.7, page 9-21, first paragraph The impacts of control zone IV
expl~itation (mining, drilling, solution mining, secondary oil recoverYt etc.)
on WIPP waste containment should be considered. .

'-. Potashmi ne pill ars for the Carl sbad area are often removed or "robbed" to
incre~se the recovery of ore. As stated in this paragraph, it may be neces­
sary t~ leave a numt>er of pillars in-place in control zone IV mines in order
~o control subsidence. This would lead to low extraction efficiency and the
effectiVe denial of significant quantities of langbeinite in control zone IV.
Therefor~. more than one-quarter of the langbeinite at the WIPP site may be
deniea d~spite the exploitation of control zone IV. .\ . .

Section 9.1\5, page 9-24, second and third paragraph The construction phase
noise impact\assessment does not address traffic (Le., materials delivery and
commuter) rel~ted noises due to the facility. The areas most likely to be
affected and th~ numbers of people involved in each should be presented.

Section 9."2.5.1, 'page 9-26, Noise standards The Department of Housing and •
Urban Development has recently proposed standards, requirements and guidelines
on noise abatement and control replacing those previously set forth in HUD
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Circular 1390.2 (see 43 FR 60396-60401). These new criteria propose the
adoption of the guidelines put forth by the U.S. Environmental Protection
Agency in its document entitled II Information on Levels of Environmental Noise
Requisite to Protect Public Health and Welfare with an Adequate Margin of
Safety" for the HUD Exterior Noise Goal. This document recommends the use of
the Normalized Day Night Sound Level as an indicator of likely effects and
community response. Consideration of the use of this indicator should be
given for preparation of the final sta~ement.

Section 9.2.7, pa~es 9-28 through 9-30 It appears that the evaluation set
forth in this,sec1ion relies solely ona thermal loading density of 30 kW/acre
to assess creep effects of salt. An evaluation should be presented which
assesses near-field creep effects resulting from maximum canister wall tem­
peratures. Theeva1~ation'should include the bases for this assessment,
including such items as the maximum canister wall temperatures, and physical
and mechnical properties of salt at the specified temperatures.

The elevated temperatures discussed in this section and illustrated in
Figure 9-2 should be considered when retrievability concepts are evaluated.
For example,mach;nery used in the retrievabi1ity operations will have to
function properly at temperatures at least as high as about 44°C (120°F).

Figure 9-2, page 9-29 The figure shows the temperature increase in the
mined tunnel containing spent fuel elements up to 25 years after emplacement.
The figure should be expanded to include ,an estimate of temperature increase
up to several centuries after emplacement (after which the decay heat rate
will be greatly reduced).

Section 9.2.10, page 9-32 This section states that releases resulting from
routine handling ~lill be held to levels as low as reasonably achievable.
Numerical estimates of maximum, routine radioa~t;ve releases should be made
and the basis for the estimates should be discussed.

--~'

Tables 9-18 and 9-19, page 9-38 The dose comparison between calculated
exposures and background should be presented as suggested in the comment on
Tables 3-6 through 3-9. ' .

The tables should show the period of exposure that corresponds to these dose'
commitments, for example, "annu~lll if that is applicable.

Section 9.2.11, pages 9~39 and 9-40 . This ~section discusses the occupation~l
exposure to four job categories. This ·section should a1 soi nc1 ude an ,estim,ate
of the number of workers ina11 job categori es, the estimated exposur,e. to each
'worker and the estimated total annual occupational exposure for the entire ,..
'"faci 1ity.

Table 9-23, page 9~5l". For clarification, theta~le should have a column
showing the quantity of each radioactive isotope assumed to be in a drum.
Also, there should be a discussion of the basis for the assumptions.
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"<"'".Section 9.3.1, page 9-55, third paragraph The distance from the point of« ,"
release to the James Ranch that was used to estimate dose commitments to the
maximally exposed individual should be stated.

Section 9.3. 1 a e 9-57 second araara h It is stated that ,the scenario
with the greates~ impact i.e.,'spent fuel) would result in an'individua1lung
dose of 1.0x 10 5 rem, and a comparison is made to the dose a person would
receive during a 5-hour jet-plane trip. However, consideration should be
given to the uncertainties associated with the estimates of scenario con­
sequences to make such comparisons meaningful.

Section 9.3.1, page 9-57, sixth and seventh paragraph The analysis of the
accidents considereu during facility operation assume that the HEPA filters
will be highly effective (by a factor of 106 ) in removal of particulate activ­
ity prior to re1eas~ to the environment. The document presents the doses that
might be experienced if thellHEPA filters were not workingll arid conclude that
even in such an event the above dose to the nearest resident would be well
below background. This conclusion may be premature; further consideration
should. be given to the analysis of the consequences of a large fire which
simultaneously caus~s a release of radioactivity and renders the filters
ineffective and where any activity previously traoped on the HEPA filters may
be released. The statement should indicate the r.1nge of consequences of such
events and how their probability would be minimized.

Section 9.3.3, pages 9-59 and 9-60 Because of high winds and soil character-
istics, dust storms are relatively common in the .:;ite area. Therefore, the
effects of dust storms on facility operation should be evaluated (e.g., emergency
diesels, filters).

Natural gas is commonly found associated with salt deposits. The potential
for the occurrence of gas within the mined area and the attendant hazard to
both people and the facilities should be assessed.

Section 9.3.3.1, page 9-59, first paragraph Provide an estimate of the
maximum earthquake(s) expected to occur at the site following closure of the
surface facility and the possible effect of that earthquake(s) on the integrity
of the underground facilities.

Section 9.3.3.1, page 9-59, third paragraph Acquisition of comprehensive,
accurate data relative to the underground effects of earthquakes;s considered
quite important. W'lthout this information, extremely conservative assumptions
may have to be made to make an impact assessment. Estimates should be made of
the effects of ground shaking on the mined shafts and cavities during the
operating life of the facility as well as after closure.

Ground displacement and the attendant effects upon both groundwater regimes
and natural gas deposits should be addressed. In the event ground rupture
were to occur, such that communication between the natural gas/groundwater and
the repository were made possible, the potential for an induced explosion or
gas/water seepage into the cavities should be addressed. Suchan event should W
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~ considered during the operational life of the facility as well as following
closure. . .

It has been suggested that seismic events have been induced as a result of
mining activities. The likelihood of this type of event should be assessed.

Seismicity, induced as a result of secondary hydrocarbon production (i.e.,
water injection) has been hypothesized as'£~:?.r.~k events in Texas
and elsewhere. The potential for such occurre·nces resulting from secondary
(or tertiary) recovery operations in present and future nearby gas fields
should be assessed. The resultant effects of i~duced seismicity (from any
scenario) on the proposed surface and subsurfacC' facilities should be
determined.

Section 9.3.3.2, page 9-60, fourth paragraph The discussion does not
adequately address the, effects of locally severe rainfall on the site. Thun­
derstorms have intense rainfall for short periods of time. Infiltration, even
in desert areas, will not normally prevent some ponding and local flooding.
Since thunderstorms can be expected often during the operational life of the
plant, consideration should be given to mitigating any adverse effects on the
plant.

Section 9.3.3.3, p~ge 9-60 Provide the design criteria of the buildings and
systems for their re~istance to "tornado-force winds, tornado-driven missiles,
and sudden pressure changes."

Section 9.4, pages 9-61 through 9-97· There should bea presentation of an
established mechanism through which mitigation efforts related to socio­
economic impacts would be identified, monitored and handled between the
applicant and the cbgnizant officials of impacted jurisdictions.

Section 9.4.1, pages 9-61 and 9-62, seventh paragraph The document states
that the emp1oyee-1~cation pattern for scenario II is based on the pattern
established by a l~rge mining company in the area. Please provide the basis
for assuming that past employee-location patterns for mining companies are
indicative of projected patterns for WIPP.

Section 9.4.1.2, page 9-62, second paragraph The construction overlap
between the WIPP project and the Brantley Dam project is discussed. Because
of a lack of a comparative analysis and discussion of "the schedule overlaps of
the two projects, it is unclear what ch·anges in anticipated.impacts would
occur if either of the schedules should change. Please provide this
information.

Section 9.4.1.2, page 9-65; second paragraph An anticipated drop in the
unemployment rate during the construction period .isprojected. Are the types
of workers expected to be unemp,loyed just prior to the construc,tion perio~ the
same kinds of workers likely to be .employed by the WIPP project? How many I /

workers does this estimate include?
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Section 9.4~3, page 9-70, first and second paragraph The discussion presented
on, the projecterl social structure would benefit from expansion to substantiate
the broad statements made. For example, provide the basis for assuming that

.. the inmovers would be of similar background, occupations, and transiency•. , '.

f ,Sections 9.4.5.2 and 9.4.5.3, pages 9-75 through 9-80 These sectiohs ~roject'~
ahousing'shortage .for the Carlsbad and Hobbs areas; .however, mechanisms for
relieving the shortage are not addressed. Preference for mobile homes is
mentioned but no discussion of constraints, if any, to mobile home expansion
is presented. If housing supply is anticipated to be tight, describe what
plans are being considered to alleviate this expected impact.

. .

Section 9.4.6.1, pages 9-85 through 9-87 and 9-92 through 9-94 The discussion'
should also include the socioeconomic impacts associated with increased traffic
through Carlsbad and Hobbs. There may be justification for a bypass highway
around each of these population centers to accommodate the increases in general
traffic arising from site activities.

Section 9.4.6.2, page 9-89, Education--HobbsSchool District The discussion
states,that the enrollment capacity ,at the Hobbs municipal schools will be,
exceeded beginning in either 1982 or 1983, depending upon the assumed sce­
nario.Thediscussi0n does not address the;time duration of this excessive
capacity and what efforts will be taken to mitigate this occurrence.

Section 9.5. pages 9-98 through 9-146 This section presents an analysis of .
long-term effects considering a broad spectrum of events that could resu1t in ;'
environmental impacts from the facility. Although the document is not meant
as a risk assessment, it would be beneficial to fn~lude further discussions of
fa) uncertainties in data values used in the consequence calculations, (b) possible
variations in th~ geohydrologic system over the time, period of concern and the
effect of these variations on the consequence calculations, and (c) the compi1a­
tion'of release scenarios for the WIPP site and th~ 'reduction to the five
scenarios considered for analysis.

Section 9.5, page 9-98, first paragraph An expected release is equal to the
sum of probabilities of release time the amount of release. Since the prob­
abilities for all releases are not zero, the phrase lithe expected release of
radioactive material is zero" .should be revised to read "no radioactive material
is expected to enter the biosphere. II

Section 9.5.1.1, page 9-98, third paragraph' The DEIS states that the safety
a~~lysi$ indicates t~at the waste and its containers are not important in
hi~dering the release of radioactivity. The NRC's preliminary thoughts on
thlS matter are that the repository should consist of a series of multiple
barriers. The primary barrier to release of radioactive materials is the
waste form system. The waste form system includes the waste form, canister,
overpacks, absorbent materials, and the first few inches of surrounding rock.
For spent fuel, the waste form system should contain the radioactive materials
for 1,000 years and as long thereafter as is reasonably achievable assuming
early saturation of the repository after closure. This will allow the short­
lived nuclides that control the initial hazard associated with the waste to
decay to !n~o~uoLis levels. Beyond that period of time, the waste form system
should malntaln releases as low as is reasonably achievable but less than
t~n ppm per year.. The limit of ten ppm per year for the release rate is con- Q
sldered by ,NRC to be achievable based on information presented in the Draft ..,
Generic Environmental Impact Statement on the Management of Commercially
Generated Radioactive Waste and to be sufficiently low to protect the public
health. and safety. .P-90
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~aintain rel~ase~'aslov~-asis'l'~e~sonatqyachievable but less than 0.1 ppm per'
'year. Tilt; J "imitof, O,.lpprnp~rye,ir;for'the 'r~1ease rate is considered by NRC

to be achieliabl€:,based'on' Lnfotmat'h:m, pre~ented- in the Draft Generic Environmental
Ilhpact'Statement on tlri:!', Hanagemen.t.'of ,Commerci ally, Generated Radioact ;ve Waste
and tQ~Je5uff-i.c:ipntly16Iji:to'P'l~o:t~c'tthe pUblic health and safety. '
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"", .

.§,~tion~~5 ').}..L..J?~9-1~I.l-S~.l!.~it~nc.t·.iS·~nari os for analysis This
section djscussesth"e~fci!.r('sc~na'r·i()s1;d\~liquidbreach and transport (see
Stenados 1.)~,3y·(ind_4·Ollpage9-101}:Thedisc:ussion of scenario 4 may
lead thereact!~y. tq'b~liev€, that it" l's!!luChl es51 ike ly to occur that the other
,threesceoa,do,5; hc\we'v-er',"thE':,-discussitln negiectsthe possibility that scenario 2
would evolve oaUi:·i:.l,ly into: sl.:en~H·i,o 4thT~ough dissolution of salt along the
flow paths.' ThE!: ~H,a.lY$i5 Cit $c(,mario 2Jtherefore~ is 'deficient because it

.does notconsidE:t-en-large.ment 'of flow paths as a result of salt dissolutioning
and it also fails to consider salt replacement by creep. This analysis should
compat~e the rate ()','saIt l;emOv&ll;iy,di .5501 ut"i on; ng w'j th the rate of salt
replacementpy creep for' an:' cred'lble initiating events (e.g., faulting, shaft,
seal fa'ilur'es). 'Th'is' ,l:ompa.ti S~h)' w:U 1 det~~r'm'i ne events for which the repository
is "self-healing!! ahdthe' ever~tsthat l'esult in mass'ive repository failure.

Th:is. se'ctl()n$(iotjrd·d(~5iribeti.1e basis for selecting these five scenarios frcm
the 94 'lc1.t?htHied throiJ~)h fault treeana1ysis.

The 'pote;,tfal 'fOt ,n qui dbY'~":at:hand'transport ($cenari osl through 4) appears
to bed'j j'ectly, (jEip2ndf~ntL\por,"(1) inadequate sea1i ng of known boreho1es/
shafts~ Qr (2) fl0i,vthr'ough uhiOcated boreholes )r other openings. Careful,
wen..:plimnedinvesti-gatfon{' and'prQ{;edures be'fore. during,' and particularly
fo110wingsit~elo$urecan prevef'it these scenaY'ios from occurring for the most
part.)Long"7l:.erm suy've1'!lance,both of:surface di..;illing operations and salinity
tIlonitol"'ihg cif'the oveY'lyit.gandunder'lying aquifers may pr'ovide assurance that
the suggested sc:eniH'iosjorvers'i Q~sthere(}f do not occur. .

§.~c~j on 9.5,. 1. ~ 1P~~_,_9~'1 Of:~ ;~even'th paragraJ?.~ It is stated that Tables
9-43 and 9;-44J isttheradibnu(;lides, that are the "most important in long-term
cor:isequel}'ceasse$~;m'ent$~". Oesc;ribe'ijow,the radionuclides are considered IImost
important'i" (e. g~~' signi.fii:anf~l)r)'tr:jbutions tori sk, highest inventory, greatest
toxici ty, .most' likely 'toi'eachbiosphere}.·'

." -. . - ".':':".." .,' ," ... '

It "is not appa~ent·wheth~r.,tne,r(id'fol0gicalimpactof carbon-14 was considered
. since' ttls"not'lncJudE;cfio"the,)ist,Clf,fission;1roducts modeled. Because of
. the·impartanceof,c/~rt~o,~·')ij, .. bi(llogicalsystems, its radiological impact could
be signi,ficantevenwherith~"inventory'of the radionuclide is relatively
small., ' , ,,' .

",

"

ll!l1E;..J;:4:l.J!.?'ge~:]iT3. "" Tfle''t~ble:s~~(Jld cl arify whether the concentrations
given are per .literof;wast:erllateria·l or per 1iter of repository volume.

~. . .' .; ":" .._ ..• '. .':'., .. 'l, . . ". . .
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producing an accelerated release of radionuclides. The estimate of radioactive ~
releases should take this possibility into consideration.;"""

Section 9.,5. 1. 3, page 9-103, second paragraph The document 'states that the'
numericalmo'del used in the geosphere-transportcalculations is.basedon a"
model developed for USGS and modified for the NRC. The staff wishes to point'" :\' !

out that the modi fi ed geosphere-transport code is under development and NRC ,) ,
has not released it for general use. At this time, the code has not been
val idated by the NRC and, therefore~ the results frO,m the use of:this codemay~,~.

not provide an accurate assessment of the geologic transport.

The statement that a detailed mathematical discussion of the model (and its
application to the analysis) appears in Appendix K is erroneous. Appendix K
presents 6 pages of mathematics; it should be expanded to show how to use the
model in an analysis. (See the comment on AppendixK.)

I
Section 9.5.l.3,page 9-104 1 item 2
be changed to "fluid ViSCOSlty."

It appears that IIfluid velocityll should,

Section 9.5.1.3, pc,ae 9-105, first paragraph, item 1 The document states
that a computer cOuc modeled the Delaware basin hydrology. The code used
should be identified. Also~ a reference should te pro~ided for the test
information mentioned in the last sentence (i.e., IItested the consistency
between model-generated numbers and hydrologic measurements in the fie1dll ).

Section.9.5.1.3, page 9-105, Bioshpere-transport ca1cu1ations,first paragraph'~

An important factor that will influence consequences is the path length to th~ .
poi nt of release because it wi 11 affect the decay time pri or to release and '
thus the activity levels. The path length assumed for the analysis is 14 miles
(Le. ,Malaga Bend). The effect of shortening tt'e path length should also be
investigated. For ,:!xample, stock watering wells maybe driled which could
effectively sho~ten the path length. .

Section 9.5.1.3, page 9-106, first complete sentence The document states
that the analysis calculates the yearly intake of radionuclides bya.person
exposed through the biosphere pathways. The modeling of the biosphere path­
ways should be clarified. For example, the assumed population distributions
and usage factors should be defined as well as the pathways .that were evaluated.

Section 9.5. 1. 3, page 9-107, third paragraph The document states that the
permeability of the wellbore was calculated. Rather than permeability, it
appears that hydraulic resistance was calculated. If not, explain what is
meant by permeability.

Section9.5:l.3, pages 9-111 and 9-112, Rates of dissolution Varying ~ates

of dissolution of the salt as a result of water flow through the medium are
addressed, and the resultant eventual dose to man is estimated; however, one
obvious effect on the environment as a direct result of, continuing salt·
dissolution does not appear to be considered. This is the collapse of the
overlying strata with a gradual propagation to the surface resulting in an ...,
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ever-enlarging' depression. The collapse structure could serve as a collector
for rainfall and, because of the resulting direct communication with the
aquiferes) and the salt, accelerate the solutioning process. Once collapse
of the salt between the repository levels and the overlying strata occur,
corrective measures, such as attempts to seal the breached repository, may
not be feasible. Please;addr:s~~·...tAi.c;..e.ccurrence.

Section 9.5.1.3, page 9-113, second paragraph Identify the daughter products
1n secular equilibrium with their parents and, therefore, not included in the
geosphere-transpor~model.

Table 9-45, pa~e 9"114, Table 9:45 shows the transport rate of 1-129 dropping
from 4.5 X 10 Cilyr to 5.4 X10 17 Ci/yr in a period of 3500 years for the
3 miledistan~e. The Malaga Bend_(14 miles) transportation rate increases
from 3.3 X 10 7 Ci/yr to .4. 6 X 10 3 Ci/yr. Figure"9-14 indicates that the
transport rate should be increasing or steady. These discrepancies should be
resolved.

Table 9-46, page 9·115 This table is not consistent with Tab1e.9-45,
page 9-114. Table 9-45 shows an 1-129 transport rate of 4.5 X 10 3 Ci/yr at
3 miles, for scenario 2, upper transmissivity. Table 9-46 shows a transport
rate of 5.8 x 10 5 Ci/yr for the same conditions. Both values are for the
same period of time, i.e., 3500 years.

Section 9.5. 1.3, page 9-115, first paragraph, it~m 3 This item states that
·"to a hi9h degree of confidence, in each scenario the actual geosphere trans­
port must lie within the results predicted by calculations with the two
transmissivities. 1I Although the statement may be correct, it is meaningless
because, for time spans up to 40,000 years, the range of predicted va1ue~ for
transport rates illllicated in Figure 9-14 (page 9-113) is 20 orders of magnitude.

Section 9.5.1.4) page 9-115) first paragraph The document states that
exposure pathways for man include ingestion of fish and water. boating. swim­
ming and shoreline activities. Consideration should also be given to the
irrigation of crops and long-term buildup in soils and sediments as exposure
pathways for man. An explanation should also be given for why only radio­
nuclides originating in spent fuel and CH TRU waste, and not RH TRU waste,
were used in the calculations.

Section 9.5.1.4. page 9-121, Summary for liquid ~reach and transport The
doses received by the maximally exposed person from scenarios 1 and 4 are
presented. The population exposure'should also be given•..
Section 9.5.1.6, page 9-127, item 3" The numerical range of maximum doses
irom CHTRU waste and spent fuel should be given to show the effect resulting
from a factor-of-20 difference between the flow rates for upper and lower
transmissivities.

L~~ Section 9.5.2.2, page 9-132, fifth paragraph The document states that one
~ foot of surficial subsidence is estimated as a result of 70% backfill in a
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16 foot cavity. Communication between the Rustler aquifer and.the:waste"
repository as a result of subsidence and fracturing of the intervening strata
is not presented as a scenario for evaluation. It is suggested that this
scenario be considered for analysis.

Section 9.5.3.1 The statement regarding theg~s

generation time span i.e., much longer than 200 years) is inconsistent with,
the assumed time span of 100 years for gas production c,alcu1ations identified
in the first partial paragraph of page 9-136. This discrepancy should be
resolved.

Section 9.5.3.1, page 9-135, fourth paragraph Please provide the reference
for the computer code used to describe the diffusion of gas from the repository.,

Section 9.7.1, pages 9-166 last line It is .lot clear whether the low
probability event (4 x 10 ~ per year) refers to the occurrence of a volcano or
the waste becoming airborne and carried off the site. If it is the former,
then clarification is needed for the statement on page 3-2, third paragraph,
that states that "volcanic action is quite prob1ble."

References for Chapter 9 The Dillion reference should be revised to show
that the. report was published October 1978.
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Specific Comments - Chapter 10

Chapter 10 There is no discussion which presents the unavoidable adverse
impacts resulting from construction and operation of the WIPP facility on the
33 sites identified in Appendix I as eligible for the National Register of
Historic Places. (See the comment on Section 9.1.1.6.)

Section 10.2, page 10-2, sixth paragraph The dose comparison should be
presented as suggested in the comment on Tables 3-6 through 3-9.
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Specific Comments - Chapter 11

Chapter 11 There ,'is' no 'discussion which presents ,the irreversible and, '
irretrievablecODllnitmerit of historical and archeological resources (i.e ..., the
33 sites identifiedin'Appendix I'as eligible for the National Register of
Historic Places) assotiated:withWIPP facility. (See theconnnent on Section
9.1.1.6. )

Section 11.3, page 11-2 It is stated that the total construction resource
requirements do not exceed 1% of the U.S. production during the construction
period. A more significant basis of reference would be the local impact on
such resources as water, fuel,'electricitY,and lumber.

Section 11.4, page 11-2 The listing of resources for operation should also
include those major resources consumed (either onsite or offsite) for
packaging and cpntainment of the waste.
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~ Specific Comments - Chapter 13

Chapter 13, page 13-1, thi rd paragraph It is stated that approxiJnate1y
620 acres of land will be used for surface facilities, transportation routes,
and the mined-rock pile~ Please define what portion of the 620.acres is
considered "disturbed area" and provide an estimate of the area which will
return to its natural state.
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Specific Comments - Chapter l~
i :_,.' '( ..-' ',"" '. ',. )'J:;' :;: '..!

Section 14.1, page 14.;.2 1 fourth paragraph Please 'provide: the: name of :the'·,·i:",
bird species on the State list of rare and endangered species which is likely
to be in jeopardy.

Section 14.3, page 14-8, item 7 There should be a discussion on the status
of federal impact fund availability as well as a listing of existing federal
program funds and assistance for which the impacted jurisdictions would be
qualified.



~spec1 fi c Comments - Glossary

Glossa? The following terms and their definitions are suggested for
incluslon in the glossary: tectonics. caprock.
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Sped fi:c~jComm~nts"-; Appendi >c A, ", ; "", : , ,<,.:,;:f'~,~,":';:~"/W

Section A.2, page A-3, third paragraph, Sincebrinemi"gration is '~pparen~ly
initiated only ,wnep'el.evate,d t~mperat~res.,with ther!Jla} gr~dien~s:,ar~',pres,e!'lt, ' .
an a1ternat j .v~-" ~quld..,,~be:: ~ the P'J,~c,~I1J~nt:;i,6f' 'that waste;';-~c-a'p'ab'le: of~ :.g'ene',r,atO; ng.·~· ", . '. ~.

adver~e~ itemperatures,:" i l1·a tempo,rary.: ,~tor'age 'are,?! 'un,t i l.~. manageab1e "heat 1evels
were attained, then movement of the waste to the permanent resposjtorY1.oca-
tion. Please address this alternative to mitigate brine migration•

. "

Section A.'2, page·A-S, sec.ond;paragraph .. Since expl~$ives.are' no:trequi'red
for mining, 'another advantage,ofsalt,;overthe other"host media being ,con­
sidered{shale,.grcn.tte, and basalt), hthatonlymin:imal .fracturing of the.
cavi ty ,;wall s: ,:and fl po'rs> may occur., Thischaracterist;i c increases. both the
integrity:,of.,tne mined opening as, well as improves the ability to grout (seal)
the ca,vity, drifts and s,hafts,. '. '"

Section ~A,.:2,,:,pageA-5,..:thirdpara9raPh:: ,Although Uwastei'salt will' result
from the mini.ng,operat,ions", the ppssibility:of selling some,or all of ,this,
material by competitive bidding is not addressed. It is suggested that some
effort shotlld: bem'lde to-i nvest.igat,e the marketing potential 'for this common,
but not value1ess,.',natura'l resource. ' ., ',' ,

The drai nage bas ins of southeastern New Mexi co, '~i ke adjacent areas of
Colorado, Kansas, Oklahoma, and Texas, discharge considerable quantities (many
tens of tons) of sodium chloride per day, (Swenson, F. A., 1974, Raites of
Salt Solution in the Permian Basin; U.S. Geol. Sl1rveyJour. Research, Vol. 2,
No.2). Therefore, the introduction of salt (pe\' se) into the repository
Surface r~noff systems would not necessarily present a uniquely undesirable
environmental impact at least in the Permian Basin.

Section A.3, page A-6, second paragraph Although it is true that
crystalline rock m,v contain innumerable fractures filled with water, it is
likewise true that extensive granite quarries, immediately adjacent to a,nd
well below the nearby water level, are essentially dry. A careful and ~ys­

tematic search of those areas of the country underlaid by crystalline rock may
identify regions not permeated with excessive groundwater.

Section A.3, page A-7, third paragraph Drill and blast techniques for
mining crystalline rock create numerous fractures in the access shafts and in
the drifts, thus accentuating the potential for groundwater migration from
overlying water-filled zones. The created fractures will complicate the I

adequate long-term ~ealing of the shafts.
i \

Section A.3, page A-7, fourth paragraph Considerable number of areas in the
north-central United States are underlaid by ancient crystalline rocks. i T~ese

areas have undergone several periods of glaciation. If. future glacial advance
into these areas were to occur, it would have the potential, be~ause of the
weight of the ice mass, to temporarily decrease the fracture size thus



~decreasing permeability and hence, water flow. However, glacial retreat may
lead to isostatic rebound and extensive fracturing. .

SectionA.4. page A-7 and A""S, first paragraph It should be noted that
inc1us ions of iron pyri te, 'marcasite, and other mi nera1s are conunon wi thi n
large 'shale bodies and will contribute to, the variables involved in assessing
a shale repository.

Section A.4, pages A-7 through A-9 The documen~ does not discuss that,
although essentially impermeable, near-commercial quantities of natural gas

. have been found within the shale at many locati~ns, especially in the Ohio­
Michigan area. These areas, because of their sedimentary origin, 'are likewi:ie
in regions underlaid occasionally by extensive oil and gas deposits and evapa­
rites. A potential preemption of natural resources may result if repositories
are considered in these areas. Likewise extensive drilHng, related to explo­
ration for oil, gas, and other resources, has occurred over a period of near~y

100 years. The locations of many of these holes have not been recorded and
this would present problems in assessing the integrity of a repository.

Section A.5, pages A-9 and A-l0 Since tuff,by definition, is located in
volcanic areas, the potential for renewed volcanic activity should be con­
sidered for assuring long-term isolation of the waste.
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Specific Comm~nts - AppendixB

Section B.3.3, page B-5, first para~r~p~, Thfa de~inition of, an Ilac,tive':, .'1' ,_

fault should be presented. "Thecjeflmtlo!1rshouldaddress,(l}·when ,~. fa4lt,',S: \ ,
classifie~as lIactivell and (2) what constitutes a level ()f activity such ,that
the fault is consider~d ina~tive~ . I ." "

Please define whatconstit~tes a sufficient period of quiescence ,such that th~
volcanic hazard is' nonexistent. > ,." ", ,. '.' ,:. •

Section B~5.1"page'B-15, second paragraph, Though'the seism'icity,'inthe
Salina ,region may te low, the selection of the· design earthquake' sho'uld not',
necessari ly be based upon an event occurr; ng '1 n the ?a1) na Basin.' For exam.;;",
ple! ?1tt)ough ~umel'ous .nuclear po~er plants are locat.~d,within the ,Sa1.in~, " '. i,

Bas} n, the, des 1gn .earthquake for each of thes~ plants is based upon an event '
in we$~ernOhio, n~ar Anna. A similar approach should be taken for selecting

, the controlling earthquake for a repository located in the Salina region.

Section B.S. 1. page B-15, thi~d paragraph Hydrocarbon exploration has been
conducted withi n thi s reg; on for near.lY a century. ~any of the 01 derexpl or~.­
tory we115 may haw: penetrated the salt beds; however, the 1ocations of many
of these wells are unknown and not recorded. If well sealing was'inadequate,
salt solutioning through communication with underlying and/or overlying aqui­
fers may have occurred. The detection of these forgotten, perhaps solutioned,
wells may prove to be difficult within any proposed repository site area.

Section 8.4 through B.8, pages B-6 through B-36 In the geology discussions
for the regional studies,it should be noted that the site selection process
should be cognizant of and, minimize the preemption of natural resources.

Section B.6. 1, pag~ B-22, second paragraph Sirlce more tectonic activity has
probably taken place within the Paradox Basin (even some activity within the
Tertiary period) than the other basins, this aspect of siting should receive
closer scrutiny.

SectionB.7. 1, page B-27, first paragraph It should be noted that the
potential for additional hydrocarbon exploration within and adjacent to the
many domes in the region will probably continue.

Section B.8. 1, page B-35, first and second paragraph As in the case of
other candidate areas, current NRC siting positions resulting from nuclear
power plant reviews (regarding capable faults, design earthquakes, etc.)
should be considered when selecting a waste repository site, since three
nuclear plants are presently ~ocated at the Hanford ~ite.
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~pecific Comments- Appendix 0

Section .0.2, page 0-5, Man-made. penetrations The potential hazard of dis-
solutiofl<;l~e to groundwater migration through man-made openings (e.g., shafts,
boreh61es) can be minimized if effective long-term sealing techniques are
developed and used.

Section 0.5, page 0-9, Natural resources· The recoverable mineral resources
underlying and overlying the site should receive careful evaluation. Since
this is one of the few site selection criteria ti.e., minimizing the unavoid­
able conflicts with actual or potential resources) over which control can be
exercised, caution should be exercised before finalizing the actual site
location. The success of administrative controls to restrict the access and
exploitation of natural resources. such as potash, cannot be assured beyond
the short-term.
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Specific Comments - Appendix F

AppendixF Thediscu5sion should be expanded to describe in greater detail
the various incineration and immobilization processes and the properties of '
the resulting products.
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Specific Comments - Appendix G

Section G.2,pages G-l through G-4 It was stated in Section G.l that X/Q
values were calculated using the MESODIF model instead of AIRDOS-II. There­
fore, the AIRDOS-II X/Q routine description should be replaced with a brief
summary of MESODIF.

Section G.3, page G-5, second eguation The volumetric units are not con-
sistent for X (pCi/m3 ) and Cimm (rem-cm3/uCi-hr).
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It is not clear if the entire
1.XXX was used. (For example, was
theX/Q equations?) Please describe

­.'1

Specific Comments - Appendix H

Section H.4.1, page H-48, first paragraph Based upon the methodalogy
presented in Regulatory Guide 1.76 and WASH-l300, it is estimated that the
Design Basis Tornado (DBT) would be greater than 300 mph rather than the
183 mph value stated.

Section H.4.3 and H.4.4, pages H-57 and H-58 It has been observed tha~ the
vertical growth of plumes in a desert environment are less than the growth
reflected by the Pasquil1/Gifford plume spread parameters. Therefore, for
atmospheric dispenioncalculations, it is suggested that the use of the
spread parameters which reflect the lessened vertical growth of plumes in a
desert environment be considered. (For example, see G. R. Yanskey,
E. H. Markee, Jr. , A. P. Richter (1966): Climatology of the National
Reactor Testing St~tion, 100-12048, Air Resources Field Research Office, Idaho
Falls, Idaho.)

Section H.4.3,page H-58, first paragraph
model described ir. draft Regulatory Guide
the probability level used in addition to
the use of the dratt guide.

Section H.4.6, pages H-6l through H-64 A discussion with conclusions should
be included regarding the possible climatic changes that could adversely
affect the repository in the long-term future (e.g., glaciation, temperature,
and precipitation changes).

Section H.4.6, page H-63, fourth paragraph In the discussion on present a~d

future glaciation, the effect of CO2 atmospheric buildup, which could cause
excessive warming, should be addressed.

Section H.8.4, page H-100, first paragraph Describe the effects resulting
from man-induced atmospheric changes, resulting in either increased or
decreased temperatures and rainfall and consequent increased alluviation or
erosion. Also, the impact of time and erosion on the removal of evidence of a
repository's existence, thereby increasing the potential violation of the site
by drilling and mining, should be addresseo.
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~ Specific Comment - Appendix J

Figure J-l, page J-2 This figure depicts drill holes of various types in
the vicinity of the WIPP reference site, including a number of deep producing
and abandoned gas wells. These wells penetrate the salt horizons as well as
several aquifers. Since borehole communication with aquifers and the salt
could result in uncontrolled sOlutioning, an assessment should be made of this
potential multiple-source solutioning and the effect of t.his potential hazard
on the proposed site. The effectiveness (pri~\';"'Y';it'tmgevity)and nature of
the well sealing upon abandonment of each well should be addressed.

Considering the multitude of hydrocarbon related drill holes in the study
area, it is imperative that all existing holes Le located, particularly within
zones I, II, and IlIon Figure J-l. A detailed description of the procedures
and verification methods used to determine the presence (or absence) of hydro­
carbon holes within the study area should be presented.

Section J.l.l, page J-l, third paragraph Since a number of exploratory
holes have been made within the site area, any hole sealing that may have been
completed should be evaluated with respect to any potential solutioning or
repository integrity hazards which may have been created.

Discuss the methodology being considered to remove existing borehold sealant,
if it was determined necessary to do so.

Section J. 1. 1, page J-l, fourth paragraph Please discuss the procedures
used by DOE in sele>:ting the 26 line miles of seismic data. The discussion
should address whet;,er all of the available data were examined for evidence of
structural anomalies instead of using a select (or random) sampling of data.

FigureJ-2, page J:~ ~he figure should delineate the 26 line miles of
seismic data actu~lly obtained by DOE (see Section J.l.l, page J-l, fourth
paragraph).

Section J. 1. 1, page J-6, second paragraph A clearer assessment of the
probable subsurface conditions expected to be encountered within the salt
horizons can be made by inspecting working mines. Therefore, to accommodate
this assessment, please provide a common map showing the reference site,
working and abandoned mines of all types within at least 15 miles of the
reference site, and designating those mines examined closely by DOE or its
contractors .

. Section J.2.1. page J-32, second paragraph As in the case of subsurface
verification at nuclear power plant sites, it is recommended that photographic
coverage be made of all shafts and drifts for review by cognizant agencies or
individuals. Intensive geologic mapping should be conducted at those areas
deserving special attention.
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Section J.2.l 2 page J-32, fifth .paragraph . In addition to surface...
seismometers, sUbsur,face instruments established a~ varying levels either '..
within the mined area or elsewhere may prove valuable in assessing the varia­
tion of any possible ground motion with increasing depth. The information'
obtained may permit a more economical design of shafts and drifts, as well

, enclosed equipment. Additionally, such information may be useful in providing
! future guidance in selecting one of the many alternative disposal methods

suggested in the GElS. Perhaps these instruments could be installed prior to
construction in order to acquire potentially valuable background data. SQrne
consideration should be given to the possibility of maintaining some instru­
mentation beyond the operational phase of the fccility in order to acquire
information that can be applied toward the design of future repositories.
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Specific Comments - Appendix K

AppendixK More detail should be provided on the hydrologic transport
model. For example, the method used to represent (simulate) the WIPP system
using the model should be discussed in detail. (See the applicable comment on
Section 9.5.1.3, page 9-103.)

Section K.2.1, pages K-9 through K-20 This section discusses the aquifer
system in the WIPP area. A group of schematics showing the relationship of
the aquifers in the WIPP area to accessible waters (e.g., Pecos River) in the
region would be helpful in reviewing the basis for the release scenario se1ec­
tionand the points of reference in the consequence calculations (see Section
9.5.1.3).

Section K.2.2, page'K~21, second paragraph The document states that the
transport calculations Ugeneral1y assume that the events 'in the scenarios
begin 1,000 years after the repository is sea1ed. 1I It is implied in Section
9.1.5.4 (page 9-115, first paragraph) that calculations are made for deter­
mining event consequences assuming that the repository is breached after 100
years. Please clarify this apparent discrepancy.

Section K.2.2, page K-21, fourth paragraph The document concludes that the
consequences of a scenario begfnningwitha 100~year breach "are not affected
significantly if it begins 900 years later." Section 9.5.1.4 is referenced
for containing the calculational results for suprorting this conclusion.
However, Section9~5. 1.4 presents only the results of a Cs-137 concentration
calculation for 100 years (see Figure 9-21, page 9-121) .. To provide a basis
for the conclusion in question,the results of a lOa-year repository breach
should be elaborated with at least a figure similar to Figure 9-20, page 9-121
(i.e., bounding cal;ulation for the concentration of all radionuclides).

The document states that it is not important to model events at early times
because lithe travel times to the biosphere are so long that only the long-livep
nuclides are still active when the contaminated aquifer water is discharged. 1I

The staff points out that this conclusion is valid on1yfrir1ong travel times.
The two controlling parameters are path length (assumedas14 miles) and rate
of nuclide release (assumed to be equal to rate of s'alt dissolution)~ The
values assumed for each of these two controlling parameters 'are not conservative.
Thus, early time events may be important and should be factored into the
model.

Section K.3.1, page K-23 In the first sentence after the third equation on
the page, "13.4 square miles" should be changed to "13.4 square meters. 1I

Section K.3.3, page K-24 The effects of uncertainties in radionuclide
transport by groundwater estimations should be discussed, including some
estimation of their magnitude. For example, would uncertainties in the values
for the distribution coefficients be encompassed by the upper values for
transmissivities presented in the consequence calculations in Section 9.5?
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UNITED STATES WATER RESOURCES COUNCIL

SUITE 800. 2120 L STREET, NW WASHINGTON, DC 20037

JUL.I2 1979

Mr. Eugene Beckett
WIPP Project Office
M~il Stop .B -107

. Department of Energy
Washington, D. C. 20545

Dear Mr. Beckett:

This to acknowledge receipt of the draft environmental impact state­
ment (EIS) titled, "Waste Isolation Pilot Plant" (DOE/EIS-0026-D).

The Water Resources Council has no comments to offer regarding
this EIS.

Leo M. Eisel
Director

.-
MEMBERS: SECRETARIES OF AGRICULTURE. ARMY, COMMERCE. ENERGY, HOUSING AND URBAN DEVELOPMENT,
INTERIOR, TRANSPORTATION; ADMINISTRATOR, ENVIRONMENTAL PROTECTION AGENCY· OBSERVERS: ATTORNEY
GENERAL; DIRECT.OR, OFFICE OF MANAGEMENT AND BUDGET; CHAIRMEN, COUNCIL ON ENVIRONMENTAL QUALITY,
TENNESSEE VALLEY AUTHORITY BASIN INTERAGENCY COMMITTEES; CHAIRMEN AND VICE CHAIRMEN, RIVER BASIN
COMMISSIONS ..
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COMMENTS FROM STATE AGENCIES
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O"'C. OF T•• GOVBRNOR• "f.< . -.

DIVISION OF POLICY DEVELOPMENT AND PLANNING

June 28, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

Subject: Waste Isolation Pilot Plant DEIS
State I.D. No. 79052302ES

Dear Mr. Beckett:

JAY S. HAMMOND, Governor

POUCH 'AD
JUNEAU. ALASKA 99811
PHONE: 465-3512

01.A3LH

The State Clearinghouse has completed its review of the subject proposal.
The following comment was received from the Alaska Department of Commerce
and Economic Development:

"The subject of the EIS is obscured by omission of the main purpose
from the title. The word 'radioactive' should be included for
clarity. WIPP appears to be as good an acronym as any but for
clarity, some indication of the nuclear purpose should be provided.

"The purpose of the waste isolation plant appears to be eventual
permanent storage of nuclear wastes. Retrieval, however, may
become more desirable in the future, when new techniques and treatment
of processes can make the present waste valuable. The discussion
of the waste handling facility, meanwhile, speaks in terms of ten
and twenty year retrieval periods and capacity to year 2000. This
appears inconsistent except for a strictly experimental installation.
Investment in the plant will be considerable, however, and long-
term use should also be part of the plan. The proposed waste
disposal and experimental plant is essential to developing accept­
able procedures for nuclear power and other applications or radio­
active materials.

"The objective appears to be to get a positive program developed
and operating at the earliest opportunity. Alternative #2 seems to
fit that objective, and also appears to have suffi~ient room for
expansion as new information is developed.

"One very definite requirement for all government documents which
deal with acronym designations should be a listing of the acronym's
meanings."
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We .would stress that this DEIS ·refers to one specific method operating
in one pilot plant. The future of nuclear development will depend
largely on the provision of safe storage and disposal of nuclear wastes.
All methods of disposal and storage should be explored, at least theoretically,
while realizing that specific applications will be subject to the EIS'
process prior to implementation.
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June 28, 1979-2-

Sincerely,

..-:L~
Jerry L. Madden
State-Federal Coordinator

Mr. Eugene Beckett

cc: Bertram Wagnon, CED

Thank you for the opportunity to comment.
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STATE OF CALIFORNIA-THE RESOURCES AGENCY

DEPARTMENT OF CONSERVATION

'DivISION OF MINES AND GEOLOGY
DIVISION HEADQUARTERS
1416 NINTH STREET, ROOM 1341
SACRAMENTO, CA 95814
(Phone 91~1825)

September 19, 1979

EDMUND G. BROWN JR., Govel

"~..."'"

'il

Eugene Beckett
Waste Isolation Pilot Plant Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

Enclosed please find a discussion of the "Waste Isolation Pilot
Plant" Department of Energy draft Environmental Impact Statement
0026-0. I hope this information will be useful to you. If I can
be of further service please advise.

/ JamesF. Davis
/1 State Geologist

Enclosure

P-116



, .. ~ ; " ,

STATE OF CALIFORNIA-THE RESOURCES AGENCY

ENERGY RESOURCES CONSERVATION
~ DEVELOPMENT COMMISSION
11 WE AVENUE
SACRAMENTO, CALIFORNIA 95825

(9l6}920-68l5

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-I07
Oepartment of Energy
~ashington, D.C. 20545

Dear Mr. Beckett:

September 6, 1979

.EDMUND G. BROWN JR., Governor

The Nuclear Fuel Cycle Committee of the California Energy Commission is
pleased to submit the attached comments on the Draft Environmental Impact
Statement on the Waste Isolation Pilot Plant (DOE/EIS-0026-D). Our
comments are specific to the OEIS as sent out for review; however, because
the DOE has tentatively changed the scope of WIPP because of Congressional
desires, we have included an addendum addressing some of the implications of
having an unlicensed TRU waste repository.

We have been cheered by the inciteful review of the federal waste manage­
ment program in the "Report of the Task Force for I'luclear Waste Management"
and the "Report to the President by the Interagency Review Group on Nuclear
Waste Management", the II IRG Report II • The WIPP DElS is out of step with its
predecessors. The WIPP DEIS uses the IRGReport to provide a set of "pro­
gralJlllCltic objectives" by which to rank alternatives, but it fails to ful­
fill the promise of the IRG that TRU waste management strategies would be
thoroughly evaluated in subsequent docum~nts. Instead the WIPP DEIS uses
tentative policy objectives as though they were firm policy based on alter­
natives analyses. Such an approach not only comprises the faith that the
public has placed in the DOE, but it also violates the proper order of form­
ulating programmatic objectives subseque~t to environmental considerations.

The major fault of the WIPP DEIS is fundlmental: it is not an environmental
impact assessment at all. Instead of ev~luating alternatives, including no
action, on the basis of environmental cr~teria as' required under the National
Environmental Policy Act of 1969, the noiaction alternative is rejected as
being unacceptable in the long term, and[the remaining alternatives are
ranked on the basis of tentative progra~tic rather than environmental cri­
teria because allegedly "there is no clear environmental basis for choosing
among the remaining alternatives."
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Mr. Eugene Beckett
Page 2
September 6, 1979

Environmental bases for ranking have been compromised in part by proposing
a selected suite of alternatives. We propose the alternative of an exten­
sive research and development program at WIPP without the premature disposal
options. This alternative has lower short term and long term adverse im­
pacts than the ranked alternatives in the WIPP DEIS.

Because the WIPP DEIS clearly fails to fulfill NEPA requirements, I recom­
. mend that it be withdrawn until the maturity of the scientific basis for

the geologic disposal concept is sufficient to justify the issuance of a
considerably restructured DEIS.

~ v~-~-~~E. VA~~ III . ---------
Conmissioner
Presiding Member, Nuclear Fuel

Cycle Committee
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Department of Local Affairs
Colorado Divis-ion of Planning

Philip H. Schmuck, Director ••Richard D. Lamm, Governor

September 4, 1979

Mr. Eugene F. Beckett
WIPP Project Leader
Office of Nuclear Waste Management
Department of Energy
Washington, D.C. 20545

SUBJECT: Draft Environmental Impact Statement
Waste Isolation Pilot Plant

Dear Mr. Beckett:

The Colorado Clearinghouse has received the above-referenced Draft Environ­
mental Impact Statement and has distributed it to interested state agencies.
Comments received from the State Highway Department and the Office of Energy
Conservation are enclosed for your information.

Thank you for the opportunity to review this matter.

Sincerely,

..JI(Jf&i'/l4f<..
. Stephen O. Ellis

Chief Planner

SE/MK/vt
Enclosures

cc: Office of the Governor
Department of Highways
Office of Energy Conservation
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RE: DRAFT EIS, 00E/EIS-0026-D, WASTE ISOLATION PILOT PtANT

The Office of Management, Budget and Planning, in its function as the
State Clearinghouse, has reviewed the subject EIS and has no comments
to offer at this time.

fb

PHONE:.13021 678·4271

STATE OF DELAWARE

EXECUTIVE DEPARTMENT

OFFICE OF MANAGEMENT. BUDGET, AND PLANNING
DoVER. DELAWARE 19901

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:
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Sincerely,

~~~~
Nathan Hayward III
Director

. June 5,1979

OFFICE OF THE
DIRECTOR



STATE OF fL()RIDA

R.G.Whlttl•• Jr.
STATE k,,"NINO DIRECTOR

illtpartmtnt of ~bminiStration
Division of State Planning

Room 530 Carlton Building

TALLAHASSEE
32304.

(804) 488·2401

May 30, 1979

Bob Graham

GOVERNOR

SECRnARY Of' ADIIIIN!:

Jim Tait

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C.

Dear Mr. Beckett:

Functioning as the state planning and development clearinghouse
comtemplated in U.S. Office of Management and Budget Circular A-9S~

we have reviewed the following draft environmental impact statement:
Waste Isolation Pilot Plant, SAl 79-2l23E.

During our review we referred the environmental impact statement
to the following agencies, which we identified as interested:
Department of Environmental Regulation, Department of Health and
Rehabilitative Services, Department of Natural Resources, Bureau of
Land and Water Management, and the State Energy Office.

Agencies were requested to review the statement and comment on
possible effects that actions contemplated could have on matters of their
concern. As of this date the reviewing agencies have not submitted any
comments regarding this project. If letters of review and comment are
received by this clearinghouse we shall forward them immediately.

In accordance with the Council on Environmental Quality guidelines
concerning statement on proposed federal actions affecting the environment,
as required by the National Environmental Policy Act of 1969~ and U.S. Office
of Management and Budget Circu1arA~9S, this letter, with attachments, shoulJ
be appended to the final environmental impact statement on this project.
Comments regarding this statement and project contained herein or attached
hereto should be addressed in the statement.

We request that you forward us copies of the final environmental impact
statement prepared on this project.

RGWjr:cy
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R. G. \~ittle, Jr., Direct



'TWIN TOWERS OFFICE BUILDING
2600 BLAIR STONE ROAO
TALLAHASSEE. FLORIDA 32301
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S OF AJ:I",:fII:

STATE OF flORIDA

.DEPARTMENT OF ENVIRONMENTAL REGULATION

July 27, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington D.C. 20545

Dear Mr. Beckett:

BOB GRAHAM
GOVERNORQ

JACOB D.VARN~.
SECRETARY

Please consider this public document. As a systems analyst,

it expresses a number of my owh concerns regarding the WIPP pro-

ject.

TT~
J. S. Sherman

JSS/js

Enclosure

original typed on 100% reeycled paper
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INTEROfFICE MEMORANDUM

F' ""F".
"ARTMENT OF ENVIRONMENTAL REGULATION

For Rou~To DiIIr6ct OH'­
'-"Or To 0tIiIr ...... The .... I II

To; -- Loccn.; 1

To; Loctn.; 1

To; Loccn.: 1

...... _.~-;;,;;.-:;;;..-:.;:.-========:::========= f,onl: a..:

TO:

FROM:

DATE:

SUBJECT:

John Outland, Intergovernmental Programs Review Section

Don Kell, Bureau of Permitting tVJtC
June 21, 1979

Draft EIS, Waste Isolation Pilot Plant (WIPP),
Appendices, and Attachments, DOE

I have reviewed subject documents and am concerned about the
following initial statements:

·This ••• (EIS) has been prepared••• to assess the environ­
mental impacts of constructing and operating ••• (WIPP).M

~The draft EIS is intended to serve as environmental imput
(sic) into future decisions ••• "

"Analyses show that there are (sic) no significant radio­
logical health impacts ~esulting from the alternatives
considered, and that there are no clear environmental bases
for choosing among alternatives ••• •

I believe it can be shown that subject documents oannot stand as
a legitimate statement of the long term environmental impacts of
WIPP. The bulk of this memorandum is devoted to supporting this
view.

If subject documents cannot s~and as a legitimate WXpp environ~

mental impact statement, then they cannot logically serve as
input for future decision making regarding these impacts.

If DOE'S first tw~ statements are falae, then the third, that
WIPP would present no significant radiological health impacts,
would be meaningless· at best.

If all three statements are false, then an extreme positive bias
toward waste isolation and burial would be demonstrated on the
part of DOE.

COnsider the following'sample of quotations taken from subjeot
documents which illustrate the ~reath of DOE'. apparent bias;

"·Hew Jill
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John Outland Memo
June 21, 1979
Page Two

"Southeastern New Mexico is arid ... The site (Figure 7-1)
is monotonous in dspect dnd covered with desert vegetation •••
Ranch buildings are many miles apart .•. one seeS an occasional
windmill, ... drilling rig, or grasshopper pump."

Even ice ages take place within 10% of the time required for some
of the wastes that would be associated with WIPP to decay. Popu­
lations come and go following climatic changes. Entire civili­
zations last but 40 - 50 generations, while these wastes would
still be hazardous after 50,000 generations. Except for immediate
impacts concerning construction and socioeconomic Interactions
(on the order of 0.01% of total WIPP radiation-impact time), these
statements appear to De entirely irrelevant, and further demon­
strate a positive bias on the part of DOE toward waste burial in
repositories.

" ... (WIPP) is part of the national program for the permanent
disposal of radioactive waste. It stems from two decades o.f
analytical, . laboratory, and field stUdy ... "

This statement conveys tne impression of steady, unbroken pro­
gress at full effort for ~O years in each of the waste d~sposal

areas. In fact, that 20 years of effort represents a series of
relatively minor, uncoordinated attempts at providing a "techno­
logical fix" for the nuclear waste problem, each attempt· meeting
ultimately with failure as the record shows.

"This document is concerned only with decisions concerning
atransuranic-waste depository, an intermediate-scale facility,
and ass6ciated ~xperiments."

The entire WIPP review process has become too highly fragmented.
Looking only at small pieces of the project conveniently avoids
analysis of the project's total impacts. Bergson's argument that
a collection of anatomical parts cannot comprise a living, func­
tioning human being is applicable and profound. A description
of manfs separate components would miss all the essential elements
of humanity •

..... experiments performed with all types of nuclear waste
will answer technical questions about the disposal of waste,
including HLW, in salt ... thus gaining further experience in
designing repositories."

This statement contradicts the original justi£ication for utilizing
burial facilities, which claimed that the needed "technology al­
reaqy exists". The clause, to "build a base of empiracle data,"
implies that even the basic information upon which tentative
repository designs would be based does not exist, a fact abundantly
reflected in other DOE documents.
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" .•. the Waste Acceptance Criteria Steering Committee (still
has not developed workable criteria) •. ;~Dataforquantifying
the criteria are being developed ... The criter,ia are con­
stantlyevolving,and ... ref.1ectonly interim proposals •.• con­
tinually subjec~' to revi5i6n."

A circular argument has been developed: WIPP cannot be designed
with6ut WACSTcri~eria~ ~et these 6riteria cannot 'be finalized
until WIPP is completed and put,into operation. But WIPP cannot
legitimately be put intd'operationuntil this data is compiled.

" ••. to avoid unnecessary costs ... "

Cost cannot be an object concerning research on a facility of such
unprecedented import. ' Already there are' inexistence upwards of
a thousand billion curies of H~W that would be buried ,in reposi­
tories.. . To subj ect ~esearch on- ,these materials to the agencies
of economy and haste would be to foredoom the project to "exped­
iencies" voiced by vested iridustrial, financial, an~ political
interests.

"Sixteen people.1ivewithin 10 miles of the center of the
proposed site (page 1-3) •. ~Thirteen people live within 10
miles' of the propose~ site (page 7-1) ~"

Such a glaring contradiction of ,even unimportant data belies DOE's
solemn presentation of IIhard scientific fact".

~'This is a truncated list of the isotopes present in com­
mercialhigh~level"waste (Table E-4, Appendices) ••• This is
a truncated lis_t of the isotopes present in one spent-fuel
assembly (Table E-S, l\ppendices) .11

Such "truncated lists" conveniently eliminate more than 80% of
all actinides 'and daughters, artd.95% of fission produots from the
high levelwastesj ,and ;more thiln70% of all actinides and daughters,
and 95% of all fission , products from' t)ie spent-fuel assembly • Thi,.s
represents an incredibleomiss~oriof fact, and is further evidence
of DOE'S bias toward waste_burial in repositories.

"Hamstra (1975) ~.'. co~parekthe'hazard~ of buried waste to
those of puried ,uranium ore,' and qoncluded that' deeply buried
_high-level was'fe -is: sa'fe .after about I, 000 years 'of burial ••. ;
Gera(197Sr•. compareci "thei haz~rd of nuclear waste ,to the
hazard of unburied;,.uranium - ,mill tailings piles •• ~Gera con­
cluded that~the waste decays to a safe level in lOO~OOO years."

, . , " ',,' I, '. '

Aside fromth~-:fa~t.' that the~~lpo~itivelybia,s~dguesstimate*" vary
from each other ,by" 2 orders of! magnitude iil time, both convenS,ently
ignore the fact that the kinds of materials and radiation in nuoleAr
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wastes d~ffer fundamentally from those in the original Uranium
ore and tailings. Compared with some 37 naturally occurring
species of Uraniwn, Thoriwn,and respective daughter -products in
both the ore and tailings, some 68 actinid~s and daughters, 300
fission products, and an indefinite number of neutron activation
products have been identified in spent fuel and HLW. There are,
whatismore, no Plutoniwn and higher transuranides (such as Americium)
in Uranium ore or mill tailings. 'rhe biochemical properties of
most of the-spectrum of radionuclides in spent fuel and HLW is
unknown.

"The site ... is near a drainage divide ... separating two major
and actively developing solution-erosion features ••• The prin­
cipalgroundwater aquifer of the region is the Capitan Forma­
tion ..• Groundwater in the Capitan ... has been heavily pwnped
for oil field flooding. These withdrawals have lowered the
potentiomerie surfaGe (of the Capitan) ... "

Depending upon final hydraulic gradients, contaminated groundwater
from the site could move into the Capitan aquifer which currently
is in heavy use. The movement of contaminants into the Capitan
might be slow if- the relatively low transmissibilities reported
are true; however, later statements regarding "rocks (that are)
strongly jointed, cavernous, and locally brecciated" cast doubt
on the pump test derived transmissibilities. Furthermore, the
million years required for the decay of much of the waste com­
ponents would provide ample opportunity both for the transmission
of contaminated wastes into the Capitan, and for major climatic
and tectonic events which might completely alter the present geo­
hydrology of the area.

"Deformation related to salt flow has occurred ••. accompanied
by artesian brine flows .•. rocks exposed there are strongly
jointed, cavernous, and brecciated ... The Pecos Valley (in
which the WIPP site is located) has widespread solution­
subsidence features."

"The greatest deformation in the evaporite sequence at .•• the site
seems to be spatially related to a structural trough trenciing
northwest - southeast and parallel to the base of the Capitan 8
miles north of the site. This trough is 3 to 4 miles wide ••.
The belt of deformation includes salt flow structure •.. Anderson
(1978) has attributed some localized depressions within the~va­

poriteunits to "deep dissolution" .•. these "deep-seated sinks"
may be related to other collapse features ... as different stages
of a general erosion .•• dissolution of 100 - 200 feet of salt has
modified the surface and subsurface structure .•. lnthe ••• mining
district •.. there has been subsidence durin~ and after underground
mining. I'
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Wells have penetrated major faults beneath the burial area. Major
structural features lie to the East of the site a few miles. The
old Ouachita mountain range and structures lie to the Southeast
only 125 miles. The argument that, because an area has been
tectonically stable for millions of years, that area is suitable
for waste disposal activities is not a good one. Tectonic acti­
vity may be long overdue and might erupt at any time through
reactivation of the old structures. Who would drive across a
million year old bridge? That such a bridge were still standing
would be amazing; it would definitely not be safe to drive across.

"(The site lies within a) seizmic zone where the probable
maximum intensity would be VIII ... From April 1974 to October
1977, 291 events identified as earthquakes were recorded by
a station (CLN) 4 miles from the center of the site .•• rock­
falls and ground cracking were reported at an active potash
mine (following earthquake events on July 26, 1972 and Nov­
ember 29, 1974) ... Very little is known of the effects of
earthquakes underground."

Even if major earthquakes occurred with a frequency of only one
per 1,000 years, the repository would still be subject to 1,000
major seizmic events before most of its waste had decayed to safe
levels.

To any competent geologist, the aforequoted statements on earth­
quakes and structures would appear ominous. It is incredible that
their significance has been omitted or gone completely unrecognized
by DOE. The following statements thereby are rendered absurd;

"Ventilated air .•. will' pass through a filtration system before
release to the atmosphere (which3couldlDOt prevent the re­
lease of H3 , c14 ,Kr85 , 1129 , II 1, Xe JJ and other gases).
The release will be continuously monitored ••• administrative
controls will be established to prevent deep ~rilling, mining,
or other activities ..• fences and other security measures (like
sealed doors and periodic inspection) will be needed to pre­
vent public access."

To speak of administrative controls, monitoring, filtration systems,
and fences that would need to be maintained for several mi.llion
years is absurd •. Even if man.and organi~ed society still existed,
and these stopgap~could be-so maintained, the spectacular costs
associated would reduc~ WIPP's ~/c ratio to essentially zero.
Such stopgaps, furthermore, ~mply the embryogeny of a "gCiX'rison
state" so widely·predicted by.:cri tics. .

Because truth regarding the future'impacts of nuclea,r waste bur~al
is evidently unknowable now, and must remain unknowable fo~ at
least a half million years, due to the inf1nite number of ·inc~l­

cu1ables" that lie in the far future, the determination of ~t~uth"
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has evidently been deemed riot only unnecessary by DOE,'but posi­
tively undesirable. My recommendations follow accordingly:

Regarding the five major decisions under consideration by DOE
(page iii):

"1. Whether-to pursue the construction of the proposed
... (WIPP), a mined repository for the disposal of trarisuranic'
wastes, with an initial period of retrievable emplacement."

No; unless only for purposes of pure research ,on a small scale
(no more than 100 spent fuel assemblies, a corresponding' -amount
of HLW, and positive prohibitions against use of the facility for
disposal for 100 years or more).* Accordingly there cou-ld be no

'plans for retrievability of wastes other than those wastes which
had been used for pure research. Retrievability would have the
'effect of jeopardizing the integrity of any repository design.
If wastes are percieved as having value, then they are opviously
rtot wastes, and should be stored at the reactor site.

"2. Whether the WIPP should include an intermediate-'scale
facility in which up to 1,000 assemblies of spent fuel from
commercial electricity-generating reactors would be disposed
of, with an initial period of retrievable emplacement."

No; covered under 1. above.

"3. Whether the'WIPP should include a research-and-develop­
ment facility in Which experimelltswith all types of nuclear
waste, including high level waste~ can be performed. II

Only under conditions described for 1., above.

"4. What the timing and location of the WIPP should be."

1990 - 2090, under conditions described for 1. above.

"5. Whether to conunit, land now for a potential repository
site in Eddy County, New Mexico".

No; this would be premature. Any such committment should be pre~

dicated upon, 100 years of pure research as in 1. above. New Mexico
was picked partly because it is not politically strong. Repeated,
surveys have revealed that the New Mexican people are overwhelmingly
against such a committment. Even DOE's reviewaf letters received
revealed that New Mexican citizens were opposed 2 to 1.

'Regarding DOE'S actions and intentions to date, the following words
by W.H. Auden seem particularly apt:
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"Oh dear white children casual as birds,
playing among the ruined languages,

so small beside their large confusing words,
so gay against the greater silences;

Of dreadful thinqs you did, oh hang the head
impetuous child with the tremendous brain.

Oh weep child, Oli
weep away the ~; tain .....

*, DOE should be given ample opportunity to demonstrate its con­
tinued faith in the p0rfectability of science and technology in
the future. Experimental facilities, constructed with prohibitions
against future uses, should be designed, built, and adequately
tested by exhaustive means. If, eventually, such experimental
development results in a prototype repository unit suitable for
actual use, that unit should be mothballed for at least 100 years
while second, third, and even fourth generation units are developed.
If these later units could be developed, then earlier units would,
by definition, be infc'rior, and thereby unsuitable for use in a
project of such import that any imperfection whatsoever could be
of incalculable impacl.

In the meantime, above ground, plant-site disposition of wastes
could provide for adequate storage, access, retrievability, and
monitoring, as well as for decreased transportation hazards, a
realistic public vision of th~ magnitude of the waste storage
problem, and the elimination of the current propensity toward
"expeditious" burial of wastes in an out of sight, out of mind
fashion. Should solar disposal prove feasible during the time
of advanced repository development, or should waste generation
for one reason or another be terminated, then solar disposal
should be seriously considered, as should those other alternatives
of promise being simultaneousl~ explored.

Above ground containment of spent fuel for a hundred years or more
would provide a more nearly sufficient time period for therm~l

cooling of those wastes. Such a period would minimize the~mal

geologic disturbances and consequent damages to any repository
that might come to be employed, thus minimizing the likelihood
of jeopardizing that repository's containment integrity in a
fashion that could not provide for safe, permanent isolation of
materials which, by the year 2000, could provide enough radi~tion

to kill or deform every person on earth 1000 times.

OK/js
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State Clearinghouse Control Number: 79-05-14-10

SUBJECT: RESULTS OF STATE-LEVEL REVIEW

t1ark.T. Steven~
Director

SC-EIS-4 (4/78)

Energy, U. S. Department

Draft EIS DOE/EIS - 0026-D
Waste Isolation Pilot Plant

210 .,.~ ~. Jj..._.~...... 3033-1
11-130

Mr. Eugene Beckett,
WIPP Project Office, Mail Stop BI07
Department of Energy
Washington, D.C. 20545

September 17, 1979

G E 0 R G I A S TAT E C LEA R I N G H 0 USE ME M0 RAN 0 U M------- ----- ------------- ----------

Applicant:

Project:

-~. Badger, Administrator
Georgia State Clearinghouse
Office of Planning and Budget

FROM:

TO:

DATE:

•~ffite of 'tanning anb ~ubget
~xetuti\Je ~eparbaent

)

cc: Barbara Hogan, DNR

EnclosUre: CODDDents' prepared by Department of Natural Resources, dated Sept; 10, 1979

CHB:if

The State-level review of the above-referenced document has been completed. As a result of
the environmental review prOcess, the activity this document was prepared for has ~een foun,
to be consistent with those State social, economic, physical goals, policies, plans, and
programs with which the State is concerned.

The following State agencies have been offered the opportunity to review and cODlent on
this project: Department of Natural Resources

Office of Planning Ii Budget, Executiv~ Dept.



1JOt l3. murour
c:O....11I810HIUI

MEMORANDUM

~£parbnc1tt of ~aturnl ~esaurtCS
270 WASHINGTON ST., ••W.

ATLANTA. GEORGIA 30334

(4041 .a••3aOO

September 10, 1979

TO:

FROM:

ISSUE:

COliMENTS

Chuck Badger, Administrator
State Clearinghouse

Barbara A,. Hogan. Co:;)rdinator ...,.iJ{'~
comprehensive Review l

Completion of Department of Natural Resources Review of
State Clear!nlhouse Control Number 79-05-14-10

APPLICA!'IT: U.S. Dept. of Energy

PROJECT: Draft EIS - Waste Isolation Pilot Plant

FEDERAL AGENCY: DOE

Because of the location of this project and constraints on staff time) the
Department of Natural Resources does not have any comments to offer on this
project at this time.

BAH/ps:lh

cc: Jim Benson
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STATE OF ILUNOIS

EXEClJTIVE OFF1CE OF THE GOVERNOR

BUREAU OF THE BUDGET
8PRINGFIELD 0706

June 22, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

RE: DEIS: Waste Isolation Pilot Plant, DOE/EIS-0026-D
SAl 117 9 05 09 60

The Illinois State Clearinghouse has reviewed the referenced subject
pursuant to the National Environmental Policy Act of 1969, OMB Circular A-95,
Revised and the administrative policy of the State. State agencies which
are authorized to develop and enforce environmental standards have been given
the opportunity to comment on this subject. No comments have been received
on the referenced subject.

Thank you for your assistance.

Respectfully yours,

T. E. Hornbacker, Dire tor
Illinois State Clearinghouse

TEH/li
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TO:

FROM:

STATE BOARD OF HEALTH

An Equal Opportunity Employer

Mr. Roland J. Mross
Federal Aid Director
Harrison Building

Attention Indiana State Clearinghouse

William T. Paynter. M. D. ~~~
State Health Commissioner ~;r~ "

-m-,3

INDIANAPOLIS

Address Reply to:
Indiana State Board of Health

1330 West Michigan street
IndbnapoUS, IN 46206

SUBJECT: A-95 Project Review
State Identification No. 'C\O 50 \ 0000

pe.l..S
y../o-~e. ~~\o--\\~~\~~~+
G~~

The Indiana State Board of Health has reviewed the documents forwarded
from your office on ~ \\ • fr1i. relative to the subject project and offers
the comments as chec~

No comments.
No objections to this proposal. However, plans and specifications for

the indicated (x) health and sanitary features must be submitted for
review and recommendations for appropriate approvals prior to con­
struction.

() Water production
() Water 4istribution
() Sewage collection
() Sewage treatment
() Solidwastemanagement
() Fuel-combustion and incineration
() Long-term nursing ~are facilities "
() ScJ1ools, hospitals. community health _f~cilities; ~~r?1', ~". 'i~ fi1)
() Other ' , " l\'~.r I~-=' ~ t:';1 ". \'-~'. tJto~ \:.:.I :::.-: t;':& :":1- .,~ .....

( ) Cannot'endorse 'thiS proposal r for the following reasons:

88864-064
2ne

() The community is on the sewer ban list so additional san.itary"., .."
sewer connections are prohibited.

() The project site is inadequate for the intended purpose.
() The economic soundness of the proposal is questioned.
() Other
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Clearinghouse Use Only

State Identification No.

/

INDIANA STATE CLEARINGHOUSE

A·95 RESPONSE

TO: Mr. Eugene Beckett

Project Description (Nature, Purpose, Location):

79 0501 0000
Date Received 5/9/79

6/9/79Review Terminated _

Draft Environmental Impact Statement (DOE/EIS-0026-D) Waste Isolation Pilot Plant
USDOE

Federal Program Title; Agency and FDA Catalog Number.

Amount of Funds Requested

The following agencies have reviewed the above project and make the following disposition concerning this
application: .

Department of Natural Resources
Reviewing Agency

John Feingold
Contact Person

FAVORABLY
xx UNFAVORABLY _ WITH COMMENTS

Board of Health

Reviewing Agency

Jon Satrom

Contact Person

FAVORABLY
No COlmnents UNFAVORABLY _ WITH COMMENTS

.Energy Group
Reviewing Agency

No connnent.

Clarence Broadus

Contact Person

FAVORABLY UNFAVORABLY _ WITH COMMENTS

TheA·95 response, along with any reviewing agency comments is to be attached to your formal application­
being submitted to the appropriate Federal Agency. These comments will be kept on file in the State Clearing-
house for one year. -

~0. fIndianaStat~~ .
State Planning Services Agency
143 West Market Street, Suite 300
Indianapolis, Indiana 46204
317/633-4346
State Form 3162

Jtme 18. 1979
Date
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STATE OF KANSAS

:JJepal'lmenl 01 • .AJ,nini&ll'alion

DIVISION OF STATE PLANNING A~D RESEARCH
'til Floor-Mill" Building

109 W. 9:h
Topeka, Kansas 66612

May 30, 1979

11
'. 'I

Dr. Colin A. Heath
Division of Waste Isolation
Mail Stop B-I07
U.S. Department of Energy
Washington, D.C. 20545

Re: u.s. Dept. of Energy
Draft Environmental Impact Statement
Waste Isolation P,ilot Plant
DDElS/DOE - 7208

The referenced project has been processed by the Division of State Planning
and Research under its clearinghouse responsibilities described in Circular
A-95.

After review by interested state agencies, it has been found that the pro­
posed project does not adversely affect state plans. Enclosed are comments
concerning this project for -your information and referral. We do ask that
you submit__2__copies of your final grant application for our files at the
time you submit your application to the funding agency. Please be sure to
include our State Application Identifier (SAl) number on the application
and any future correspondence.

Sincerely,

Paul V. DeGaeta
A-95 Coordinator

'PVD:jc

cc:
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C. Frank Herscher. III
Secretary

COMMONWEALTH OF KENTUCKY

DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION
OFFICE OF THE SECRETARY

OFFICE OF POLICY AND PROGRAM ANALYSIS
CAPITAL PLAZA TOWER

FRANKFORT.KENTUCKY·40601
PHONE (6021 664-7320

October 2, 1979

'Mr. Eugene Beckett
W.I.P.P. Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

RE: Draft Environmental Impact Statement on Waste Isolation
Pil ot Pl ant

Dear Mr. Beckett:

The Draft Environmental Impact Statement prepared on the pro-
posed Eddy County, New Mexico, Waste Isolation Pilot Plant has
been circulated to selected Kentucky Environmental Review Agencies
for their comments. No comments have been returned by them. We
wou-lfiJike..JQ.. review the final report when it becomes available.

Sincerely,

~~ kJ.elJb
Boyce R. Wells
Environmental Review Coordinator

BRW:bsc
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MARYLAND

DEPARTMENT OF STATE PLANNING

Harry Hughes
GOVERNOR

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-I07
Dept. of Energy
Washington, D. C. 20545

301 WEST PRESTON STREET

SALTIMORE, MARYLAND 21201

TELEPHONE, 301-383-245'

June 25, 1979

Constance Lieder
SECRETARY OF STATE PLANNING

SUBJECT: ENV1RONMENTit.L: J,}.4]i'lHlT SXATRMENX: (EIS) REVIEW

Applicant: U. S. Department of Energy

Project: Draft EIS - Nuclear Waste Isolation Pilot Plant
(DOE # EIS-0026-D)

State Clearinghouse Control Number: 79-5-1203

State Clearinghouse Contact: James W. McConnaughhay (383-2467)

Dear. Mr. Beckett:

The State Clearinghouse has reviewed the above Sta.tement. In accordance with
the procedures established by the Office of Management and Budget Circular A-95,
the State Clearinghouse received comments from the following:

Department of Natural Resources, Department of Economic and COIDrrJunitv Development,i
including their Historical Trust section, Department of Transportation, Depart­
ment of ,Agricul ture:g. and our staff noted that the S'tatement appears to adequately
cover those areas of interest to their agencies.

Environmental Health Administration provided comments (copy attached) indicating
that continued indecision on the part of the national leadership reg~rding a
national nuclear spent full waste management policy will propably cause leas
desirable temporary and local alternatives to be utilized.

The State Clearinghouse appreciates your agency's attention to the A-95 review
process and hopes that the referenced comments will be useful in your continuing
evaluation of this project.

n~i~~~~'!q
~~:'<v. 'McConnaugh

Chief, State Cleari
JWM:BG:mmk

cc: Lowell Frederick/ Wm. Wadsworth/ Clyde pyers/ Max Eisenberg/ Henry Silbermanr
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FINC

GEORGE F. NEWMAN
DIRECTOR

DATE: September 7, 1979

OFFICE OF THE GOVERNOR
Planning & Coordination

1303 Walter Sillers Building
JACKSON, MISSISSIPPI 39201

354-7018

STATE CLEARINGHOUSE FOR FEDERAL PROGRAMS

Attn: Mr. Eugene Beckett

PROJECT DESCRIPTION: NATIONWIDE

Draft Environmental Impact Statement (DOE/EIS-0026-D) Waste
Isolation Pilot Plant. Volume 1 of 2.

Lester Howell, Coord' ator
Clearinghouse for Federal Programs

TO: United States Department of Energy STATE CLEARINGHOUSE NUMBER
WIPP Project Office
Mial Stop B-107 79051710
Washington, D.C. 20545

The State Clearinghouse, in cooperation with the state agencies interested
or possibly affected, has completed the A-95 review of the project described
above.

None of the state agencies involved in the review had comments or recommenda­
tions to offer at this time. This concludes the State Clearinghouse review,
and we encourage appropriate action as soon as possible.

A copy of this letter is to be attached to the application as evidence of
compliance with the A-95 requirements.

CLIFF FINCH
GOVERNOR



CLIFF FINCH
GOVERNOR

OFFICE OF THE GOVERNOR
Planning & Coordination·

1303 Walter Sillers Building
JACKSON, MISSISSIPPI 39201

354·7018

STATE CLEARINGHOUSE FOR FEDERAL PROGRAMS GEORGE F, NEWMAN
DIRECTOR

TO: United States Department
WIPP Porject Office
Mail Stop B-107
Washington, D.C. 20545

of Energy STATE CLEARINGHOUSE NUMBER

79051711 .

DATE: September 7;1979

Attn: Mr. Eugene Beckett

PROJECT DESCRIPTION: NATIONHIDE

Draft Environmental Impact Statement, Waste Isolation Pilot Plant.
DOE/EIS - 0026-D. Volume 2 of 2 Appendices.

The State Clearinghouse, in cooperation with the state agencies interested
or possibly affected, has completed the A-95 review of the project described
above.

None of the state agencies involved in the review had comments or recommenda­
tions to offer at this time. Th'isc'()nc,ludes the State Clearinghouse review,
and we encourage appropriate action as s~on as possible.

A copy of this letter is to be attached ,to the application as evidence of·
compliance with the A,.. 95 req·u,irements .. · ..

Le~c:}¥
Clearinghouse for Fl7fleral Programs

p-139



P-140

Enclosure

William D. Dye, Director
Division of Budget and Planning

State of Missouri
OFFICE OF ADMINISTRATION

P.O. Box BOO
Jefferson City 65102

June 26, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B.;.107
Department of Energy
Washington, D.C. 20545

~·o~
Loi s Poh1 t? J'n •

Chief, Grants Coordination

Dear Mr. Beckett:

LP:cm

We appreciate the opportunity to review the statement and anticipate receiving
the final environmental impact statement when prepared.

Subject: 79050148 (Waste Isolation Pilot Plant)

The Division of Budget and Planning, as the designated State Clearinghouse,
has coordinated a review of the above referred draft environmental impact
statement with various concerned or affected state agencies pursuant to
Section 102(2)(c) of the National Environmental Policy Act.

Enclosed please find the comments received. None of the other state agencies
involved in the review had comments or recommendations to offer at this time.

Joseph P. Tealdale
Governor
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# 24

RECEIVED

STATE OF NEVAOI.

GOVERNOR'S OFFICE OF PLANNING COOR~'*l'TION II "",- 8 3'5
C .....ITOL CO....LEX .",'." ~. _ K:I _

CARSON CITY. NEVADA 89710
17021 885'''865

July 5, 1979

Dr. Colin A. Heath
Division of Waste Isolation
Maii Stop B-l07
u.s. Dept Energy
Washington D.C. 20545

RE: SAl NV # 79300067 Project: DOE/EIS OQ46-D
79300068 DOE/EIS 0026-D

Dear Dr. Heath:

Attached are the comments from the following affected State
Agencies: Division of Environmental Protection,and Dept. of
Energy concerning the above referenced projects.

These comments constitute the State Clearing house review of
this proposal. Please address these comments in the final
or summary report.

Sincerely,

{tilt 1146,,,-
~i~e Nolan for

Robert M. Hill
State Plannin~ Coordinator

R~m:md

"Enclosures

7-31-~9 - Xerox cy to:
E. Hardin, AI. and 1 cy to R.M~ 'Nelson, w.
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Dear Secretary Duncan:

September 6, 1979

'w

, j

STATE OF' NEW MEXIOO
OF,..CE OF THE GOVERNOR

SAH'rA FE
8715031 '

The Honorable Charles Duncan
Secretary of Energy
U~ S;, Department of Energy
Mail Stop8G-03l
Forrestal Building
,Washington~ D. C. 20585

Attention: Mr. Eugene Beckett
WIPP Project Leader

As you know, the State of New Mexico and the Department of Energy (DOE)
have been working cooperatively through a process of consultation and'
concurrence to review and evaluate the proposed Waste Isolation Pilot
Plant '(WIIJP)in Southeastern New Mexico. An important stage in this
process has been the issuance of a Draft Environmental Impact Statement
(DEIS) by'yout Department. Our review,of this draft was carried out under
the leadership of Secretary of ~inance and Administration David W. King
in conjunction with the Radioactive Waste Consultation Task Force, and
includes comments fro~ all relevant CabInet Departments, the Environmental
Evaluation' Group (EEC), and the Governor 's Advisory Couunit tee on WIPP. These
comments are enclosed for your consideration.

I ~sh to congratulate you on your recent appointment as Secretary'of
Energy. 1 know your' work will be rewarding and the challenge you have
accepted will have a tremendous impact on the future of our country. 'I
look forward to working cooperatively with you and your administration to
meet the energy needs ,of our Nation. '

We have found three major deficiencies in the DEIS--those portions dealing
, with transpor~ation, emergency preparedness t and socioeconomics. These problem

, 'areas have been 'recognized by both federal agencies and Congressional delegates,
and various efforts have been initiated to remedy them. Of equal importance
to the three major DEIS deficiencies cited are the health and environmental
con~erns ixpressed by the EEG and the Governor's Advisory Co~ittee on WIPP
whiCh have analyzed the scientific and technical aspects of the DEIS. Their
ev~luations have revealed a number of areas that should be addressed in the
finalEIS or supplemental documents.

BRUCE KING
flOVPlNOIl



~e Bonorable Charles
September 6. 1979
Page Two

It is my request tbat tbe transportation and emergency prepared~ess issues
be adequately addressed tbrougb tbe preparation ofaupplements to tbe DEIS
and that tbese supplements be reviewed by New Mexico prior to completion of
the final EIS and prior to tbe initlstion of Title II activities. We con-
sider it important that progress on tbe project itself sbould be syncbronized
with progress in the area of transportation. since the success of tbe project
will depend on tbe resolution of a number of important technical and institutional
issues pertaining to transportation.

'!'be socioeconomic issue. currently being studied by tbe State of New Mexico
under a grant from tbe DOE. must also be thoroughly evaluated as to its ultimate
impact on the State. Because tbe study completion date and the final EIS date
are not tbe same. the State and the DOE need to jointly define how tbe socio­
economic study results can be fully incorporated tbrougb the consultation and
concurrence process. A similar definition needs to be determined witb respect
to the technical and scientific issues raised by the BEG. These issues should
be addressed in tbe context of the current negotiation with the State on con­
sultation and concurrence.

In the event that the DOE is unable to issue supplements on the inadequate
portions of the DEIS for timely'review prior to tbe publication of the final
EIS, tben I must declare the entire DEIS inadequate. It is my bope that supple­
mental studies can be prepared and tbe weaker sections of the DEIS can be
brought up to standard in time to be incorporated in the final EIS •

•
Since the issuance of the DEISin April. there have been important changes in
the mission of the WIPP project. When tbe State initiated the DEIS reviews. it
was anticipated that c01lDDercial'spent fuel would be included in the scope of the
project. Commercial waste has BOW been el~1nated. and the project has reverted
to a facllity for the permanent disposal of defense transuranic wa~tes and for
research and development on higb-level waste. This raises the question of
whether the DEIS in its present farm is an adequate representation of the proposed
scope of the project. Under the circumstances. I ~ul4request that references
to commercial waste be removed prior to the publication of the final EIS.

With this change of mission. it also appears that the sense of national urgency
associated with a spent fuel disposal capability has"b~en removed·from the project.
we understand from hearings before. the Bouse Oversight and Investigations Sub­
committee and other federal sources that there is bo i1lDDediate,hazardous con­
dition existing at current transuranic waste storage sites. and that we have
gaJned sufficient time to adequately evaluate all aspects of the WIPP as well as
other alternative disposal sites. In this ~onnection. it is important that the
final lIS should specifically identify the intended scope of the"project,in-
cluding estimates of the amounts and types of radioactive mater-ial to be permanently .
or temporarily located in the repository. We expect to participate in the

~
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The Honorable Charles Duncan
September 6, 1979
Page 3

determination of the final scope of the project with the DOE through the
consultation and concurrence process which is now being defined.

Because of the complexity of the WIPP, it is necessary that the final EIS
address and respond to all issues identified in the review process. State
agencies identified many potential costs in reviewing the effe~ts of this
project on their operations. These costs must be further explained and
quantified in the final statement. Of great importance among these costs
is the liability resulting from loss of life or property related to a project
accident or nuclear waste transportation accident. We believe that this issue
should be comprehensively addressed in the final EIS, including an evaluation
of the adequacy of the Price-Anderson Act and the extent of federal and state
liability.

We have stated on many occasions that the WIPP should be licensed by the
Nuclear Regulatory Commission. The licensing process will help ensure that
the health and safety of New Mexicans will not be compromised. The process
of consultation and concurrence will also help to meet our concern for health
and safety by providing for active State participation in decision making on
the WIPP. The EIS process is an integral part of consultation and concurrence,
but it'must be appreciated that any approval given to the final EIS will not
represent the State's final concurrence on -the WIPP project.

To assure continued positive communication and coordination, the flow of in­
formation and documentation must be further improved. In addition to the EEG,
the State's Radioactive Waste Consultation Task Force and the A-95 Clearinghouse
should receive pertinent documentation and notification of all meetings. or
hearings. Financing should continue to be provided to enable the State to
carry out its own independent evaluation of the project.

We further suggest that a summary of the main conclusions of the final EIS
should be provided in both English and Spanish languages. Consideration should
also be given to translation into appropriate Indian languages for those tribes
likely to be impacted by the WIPP.

The attached review provide details of the State's DEIS review. We sincerely
hope that our comments aid you in the evaluation of such a complex project and
we stand ready to assist you in whatever way we can.

Sincerely,

fl~;r~
BRUCE KING
Governor

Attachment
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New Mexico Bureau of Mines & Mineral Resources
Socorro. NM 87801

A DIVISION OF
NEW MEXICO INSTITUTE OF MINING a: TECHNOLOGY

, '

September 5,1979

Mr. 'Dennis Rivera
State. Planning Division
527. DOn Gaspar Santa. Fe, 'NM 87503

Dear Mr. ' Rivera:

Our economic geologists, petroleum geologists, hydrogeologist,
environmental geologist.. chemist, mining engineer, petrologist,
mineralogist'and mining geologist reviewed the draft EIS for
WIPP, ~pril 1979. We had reviewed in detail a draft. of
Geological Characterization Report WIPP, Site, prepared by Powers
et al., sandia Labs, 1978·.

Some ,aspects' of the.detailed geologic.controls, transportation,
mining and depositorY construction, hydrogeology and'mineral,
resources development are site specific and reqUire constant
investigation as work" proceeds. Minor modifications of'development
plan are needed to adjust to minor variances' in these' factors.

The area is tectonically stable, salt solution appears to be
relatively slow, and other geologic factors, are reasonably'
favorable. Transportation safegUards appear adeqUate. Mining
and construction plan for subsurface and surface. facilities :is
conservative with. safety aspects emphasized~

Potash reserves probably will be lost; slant drilling may ,
recover gas and oil resources. Loss' of these'mineral,resources
is our major criticism of the site.

Sincerely yours,

r~-~q;-/~
Frank E. Kottlowski
Director •
FEK/jp

cc: Bugene Beckett
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BRUCE KING
GOIIEANOR

DAVID W. KING
SECAETARY

STATE OF NEW MEXICO

PEPARTMENT OF
FINANCE AND ADMINISTRAnON

PLANNING DIVISION

ANITA HISENBERG
DIRECTOR

September 11, 1979

'...-
505 DON GASPAR AVEN

SANTA FE. NEW MEXICO B
15051827-2073
15051827-5191

~ .

,
L

Mr. Don Schueler
Project Manager
WIPP Project'Office
U.S. Department of Energy
Albuquerque' Operations Office
Post Office Box 5400
Albuquerque, New Mexico 87115

Dear Mr. Schueler:

Enclosed for your information is a copy of the State of New Mexico's review
of the Draft Environmental Impact Statement (DElS) on the Waste Isolation
Pilot Plant (WIPP). This review constitutes the State's official.response
to the Department of Energy on the DEIS of the proposed WIPP project.

This review is comprised of four sections based on reviews compiled by the
State Planning Division, the Governor's Advisory Committee op WIPP; the
University of New Mexico's Economic Resource Group and the Environmental
Evaluation Group. The report conducted by the Environmental Evaluation Group
is not provided in the enclosed document. That review will be sent to you
or can be acquired by direct request to them.

If you desire further information on this matter, please contact Dennis Rivera
in Santa Fe at 827-5191.

Sincerely,

Q~ c;L~_
Anita Hisenberg.· 0
Director

AH:jeh

Enclosure
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I I II department

"equal opportunity employer"

STATE OF NEW MEXICO

ENVIRONMENTAL EVALUATION GROUP
320 E. Marcy Street

P. O. Box 968
Santa Fe, N.M. 87503

(505) 827-5481

September 7 s 1979

Mr. Don T. Schueler
WIPP Project Manager
Department of Energy
Albuquerque Operations Office
P. O. Box 5400
Albuquerque s New Mexico 87115

Dear Mr. Schueler:

Enclosed you will find an advanced copy of our "Radiological
Health Review of the Draft Environmental Impact Statement
(DOE/EIS-0026-D) Waste Isolation Pilot Plants U. S. Department
of EnergY"swhich is now being readied for distribution.
I was sure that you would like to have a copy in advance
of the release to the news media. .

I am estimating that the main distribution of this document
will begin Tuesdays September 11, 1979. The release to the
news media will be on September 11 or 12.

Very truly yours s
~--..

t-~y--
Robert H. Neill
Director

RHN:pt
,- "

Enclosure: one

Providing an independent analysis for the New Mexico Health and Environment Oepa.rtment
of the proposed Waste Isolation Pilot Plant lWIPP), a federal nuclear waste repository.
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AN I;UUAL OI·I·UUIUNIIY/A.... mMAlIVl;A<.:TlON INSlITUTlON

SOCORR'O. NEW MEXICO 87801.:

(505) 835-5513

NEW MEXICO TECH
THr GRADUATl Of rlcr

---_.. -- ._. --' _._--- - .

r~vcrnor Bruce King
Statc Capitol Building
Santa Fe, New ~~xico 8750~

~y 18, 1979

P-148

ncar rJOvernor King:

We are writing to report anothcr recent action of our AJvisor)' Committee
on WIPP.

The following statement rclntive to t-1incral Resources and the \\'3ste Isolation
Pi] at Pl ant has been adopt c~l 'by unanimous agrec1OC'nt:

Attachment

We cndorse the' r ii'll} ings of the Foster Rcport to the
extent that mine'ral rcsources at the- lHPP Site represent
a threat to long te'Tm intcp,rity of a waste repository.
.Judging from the' NAS criterionfe , this would be a basis
for questioning the' suitability of thc WIPP Site.

feNo area with a pre'sent or past record of resource
extraction othcr than for bulk matcrials won by surface
4uarrying, shouhJ bc considered as a Reological site
for radioactive wastes. r~ological Criteria for
Rc~sitorics for lIigh-LcvCrThlill03ctivc Wastc~-CoJlvnittee
on "ffiidioacYive' WOlsh..- M~ijl:)r.cincilf,~afion3r Acn(]emy of
Science, p. 13-15, August 3, 1978.

A copy of Roy Foster's report entitled '''lineral Resources and the \\'IPP Site,"
is attached. If there are .my qucstions that you or members of the Task
Force have concerning this action or the report itself please don't hesitate
to contact·Roy or members of our CommittC'c.

~CCTCIY. ( )

1!f4~4t~,
t-Itlrvin \\Ii lkcning, Chui nn::m
Govcrnor's Advisory Committee

on WJPP
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STATE OF NEW MEXICO '

, .

QJ)ff~~ ttf tIr~ J\~ <6mnal
DEPARTMENT OF .JUSTICE

JEJ:FBINGAMAN
, t!!!O'!NEY ,GENERAl

P,O. Drawer 1508

~anta ~~. ~. JR. S"l~1tl

August 30, 1979

United States Department of Energy
Washington, D. C. 20545

Re: DOE/EIS-0026-D, Waste Isolation Pilot Plant
Our Ref. No. 30401-201/204/206

Dear DOE:

As comments by the Attorney General on the above indicated draft .
environmental impact statement" which DOE prepared in response to '
a.requestwe made in April, 1978, enclosed please find a copy of
the testimony given by Attorney.General Jeff Bingaman on August 10,
1979, to the House Subcommittee on Oversight and Investigations
pf the Interior Committee. Our comments address the following
legal issues: (1) the Price Anderson Act (discussed in the DElS
at pp. 14-2, 2nd paragraph, and 14-7, 'paragraph 3); and (2) New
Mexico's role of "consultation and concurrence" with respect to
the establishment of WIPP.

Technical comments on non-legal issues raised by the DElS will be
prov,J4~,ed by other, state agencies.

ver;i'~t,rUlY;o/~,rss" ,',",

~UJU--
~~EVEN ASHER -
Assistant Attorney General
pirector, Energy Unit·
Consumer and Economic Crimes Division

SA:pgg
Encl.

ccs: Governor Bruce King
State Planning Division
'Attn: Mr. Dennis Rivera
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SOUTHEASTERN NEW MEXICO

ECONOMIC DEVELOPMENT DISTRICT

NICK J. PAPPAS Executive Director~

P. O. BOX 6639 R.i. A. C; ROSWELL. NEW MEXICO 88201 505- 347·5425

September 6, 1979

Mr. Eugene ~eckett

Department of Energy
WIPP Project Office
Mail Stop 8G-03l
Washington, D.C. 20585

RE: Draft Environmental Impact'Statement - Waste Isolation Pilot
Plant

Dear Mr. Beckett:,

In accordance with OMB Circular A-95, the Southeastern New Mexico
Economic Development District (SNMEDD) has reviewed the above ref­
erencedstatement and offer the following comments:

1. The SNMEDD will defer judgement on potential environmental
impacts to the Governor's Special Task force on WIPP which
has the greatest expertise available for analysis of project
related environmental concerns.

2. The SNMEDD, which works closely with communities throughout
this part of the state, feels that the WIPP project can have
positive benefits on the Lea and Eddy County economies and
could also provide much needed diversification of the regions
economic base. The project must, however, be carefUlly phased
and properly funded so as not to create negative impacts that
are typical of rapid growth or "sudden rise" boom town situations.

3. The proposed project ~ill directly benefit low and moderate,
income wage earners, including minorities, as,the construction
work force could approach 800 people, many of which will be
hired locally.

4. The SNMEDD Board has endorsed the WIPP project as a disposal
site for defense generated waste and as a small-scale experi­
mental site for diposal of commercial waste. The SNMEDD has
not shown any support for permanent storage' of large amounts
of commercial waste.

P-151



~__"' ~,;J'

-2-

The project obviously represents a decision of enormous regional
and statewide impact. This office will not pretend to speak for
anyone other than an association of local governments, who had
given preliminary endorsement to a concept that has been revised
and amended substantially over the past five years. Please do not
hesitate to contact this office if we can be of further assistance.

Sincerely,

Nick J. Pappas
Executive Director

Ivan L. Hall
Chief Planner

ILH/dlg

cc: Dennis Rivera - SPO
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OII\EOOP.-

steven La8lta.k.e
CHAIRMAN- ..
Howard A, McGee

VIUA;RMAN­
Ro"od
SECI\ETAI\Y­
Charles Ingram

YATES COUNTY PLANNING BOARD

County Building Annex
431' Liberty Street

Penn Yan. New York 14527

Phone(315) 536·2531

AugU6t 2, 7979

WtU:te 1-6ola-tion P-ii.ot Plant PJtOject 066ice
VeplVLtment 06 Eneltgy
US 8-707
Wtt6hington, V. C. 20545

VeaJL Sbt:

A6 a county hlen:ti6ied 6oltnuc.teaJL Wtt6te cUApo-6ai. wU.hin :the Sai..<.na. Sal.t 8tt6-in,
theJte h, paJLt<:c.ul.aJr. .<.nt.eJte.6tamong c,Ui,zen6 and pubUc oILga.rz,i.za.U.on6 to mon-UoIL the
ongo-i..ng lte.6eaJLch and development, and any PJtOP0-6ed pla.n-6 deai..<.ng .'wU.h nuclea.JL wtt6te .
cU.6PO-6ai..

The Y.C.P.8. Itev-i..~ed:the VJta.6t E.l.S. 601t the Wtt6te l-6otatlon P~ot Plant-i..n
CaJLt6bad, N.M., and unan.imoU6ly -6UppOW :the enclo-6ed lte.6oltLtion6oIL -6ubmL:tt.a£. tt6
pubUc comment.

The 80aJui ltecogiU.zu :the -inCILett6-i..ng need to develop p~ot pi..a.nt.6 60IL 6U!LtheJt
1te4ea.JLch on Wtt6te cUApo-6ai.; yet, a pJWject the-6cope 06 the pJUJpo.6ed WlPP h, a
la.Ir.Qe cormJU::tment 6-i..na.nc.iaU.y and to :the concept 06 wtt6te cU.6pO.6ai. -i..n.6ai.t bed6.
RatheJt than :the wrpp, the 80QJu:1 .6uppow mO!te exten6-i..ve 1te.6 eaJLch 0n a..U. pO.6.6-i..ble
geolog-i..c env-i..Mnment6 and development 06 pUot pi..a.nt.6 06 le.6.6eJt magnftude.

We appltedate:the oppo~y to comment on the pItOPO-6ed pItOject.

HAM/me.

Enc.
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TITLE : Re6o£ut<.on t:.o .6uppolLt nulLthvr. Jr.e6 eaJtch and deve1.o pment 0nWa.6:te
I:t>ola,t,,[on Pilo:t P£.a.nt6

County l3uilding Annex
431 Liberty Street

Penn Yon. New York 14527

Phone(315) 536-2531

YATES COUNTY PLANNING BOARD

RESOLVEV THAT, :the Ya.:te6 County P£.a.nn-i.ng BoaJtd encoUJLa.ge6 :the compJr.ehen.6-i.ve
Jr.e6eiVtch 06 U6e On ai.l pO.6.6-i.ble Jt.a.d1..oac.ilve Wa.6:te cU..6po!>ai. med-i.a. and
6u1Lthvr. be U;

RESOLVEV THAT, :the Ya.:te6 County P£.a.nmg BoaJtd hvr.eby enCOUJLa.ge6 :the
development On.6maU. .6c.ai.e on-.6Ue pilo:t pJLOjec.:t!> 60Jr. :the :te6:ti.ng On
aU. pO.6.6-i.ble ·JLa.dJ.oac.ilve Wa.6:te cU..6pO.6ai. med-i.a. and nulLthvr.;

RESOLVEV THAT, :the Ya.:te6 County P£.a.nn-i.ng BoaJtd !>uppolLt6 c.ulLtlLU.ed pi.lo:t
pMj ec.:t!> which would no:t -i.nvolve :the /Ugh CO.6:t and nacA.LUy c.a.pac1;ty
On :the pJLopO.6ed CaJciAba.d, New Meuco, Wa.6:te I.6ofu:t[on Pilo:t P.e.a.nt.

WHEREAS, The Uniled S:ta.te6 VepaJLtment On EneJtgy fuu Jr.eque6:ted -i.nptLt nMm
:the geneJr.al pubUc Jr.egaJr.cU.ng :the pJr.opo.6ed Wa.6:te I.6ola.tion Pilo:t P.e.a.nt
-i.n CaJciA bad, New Mexico, and

WHEREAS, :tJUA pJLojec.:t will be a pilo:t pJr.ogJLa.m :to de:teJlmi.ne :the.6ulia.bUUy
on .6a.l:t bed6 noJr. :the cU..6pO.6ai. On Jta.d.i.oa.c;Uve Wa.6:te6 and, ...

WHEREAS, Ya.:te6 County, New YOJLk fuu been -i.denti..n-i.ed a.6 paJLt· on: a geneJr.al
Jr.eg-i.on On pO.6.6-i.ble .6ulia.bUUy noJr. JLa.dJ.oac.ilve wa.6:te cU..6pO.6ai. due t:.o
:the Sai.-ina -6a.l:t bed geolog-i.c. 6olUna.;t,{.on, now :thvr..e6oJc.e be a;

OIRECTOR-
~;te\Jen .La.Btta.ke .

CHAIRMAN'.. ··'~··
Howard A. McG~e

VICE-CHAIRMAN­
RayWood

SECRETARY­
Charles Ingram



· . ·North Carolina~OI/#J
Department ofAdmjnjstration~

116 West Jones Street Raleigh 27611 .

James B. Hunt, Jr., Governor
Joseph W. Grimsley, Secretary

July 3, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-I07
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

Division of State Budget and Management
,John A. Williams, Jr., State Budget Officer
(919) 733-7061

RE: SCH #118-79, Draft Environmental Impact Statement
(DOE/EIS-0026-D) Waste Isolation Pilot Plant - US
Department of Energy

The State Clearinghouse has received and reviewed the above
referenced project. As a result of this review, the State
Clearinghouse finds that no comment is necessary on this
project at this time.

Sincerely,

4t~tJ.,J
ChrysBaggett (Mrsi)
Clearinghouse Director

CB:maw·
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NORTH DAKOTA STATE PLANNING DIVISION
STATE CAPITOL· NINTH FLOOR· BISMARCK, NORTH DAKOTA 58505

701·224·2818 .

June 1.4. 1979

STATE INTERGOVERNMENTAL CLEARINGHOUSE "LETTER OF CLEARANCE"
ON PROJECT REVIEW IN COMFORMANCE WITH OMB CIRCULAR NO. A-95

To: U.S. Department of Energy

STATE APPLICATION IDENTIFIER: 7905169556

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-l07
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

Subject: Draft Environmental Impact Statement for the Waste Isolation
Pilot Plant.

This Draft EIS was received in our office on May 15, 1979.

Thank you for submitting your draft environmental impact statement for
review and comment through the North Dakota State Intergovernmental
Clearinghouse.

Your draft was referred to the appropriate agencies, and no comments
were received to this date.

Please send me copies of the final environmental impact statement and
any supplemental impact statements to the North Dakota agencies that
have commented on the draft, and to this office. The opportunity to
review your draft is appreciated, and if this office as Clearinghouse
can be of further assistance with this project, please let me know.

Sincerely yours,

~a~
Mrs. Leonard E. Banks
Associate Planner

BAB/gd
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-614/466-7461

Mr. Eugene Beckett
Waste Isolation Pilot
Plant Project Office
Mail Stop 8-107
U. S. Department of Energy
Washington, D. C. 20545

RE: Review of Environmental Impact Statement/Assessment
Title: Draft Environmental Impact Statement, Waste Isolation Pilot

Plant, April, 1979, U. S. Department of Energy
SAl Number: 36-471-0002

Dear Mr. Beckett:

The State Clearinghouse coordinated the review of the above referenced
environmental impact statement/assessment.

Comments from the Ohio Environmental Protection Agency state that
inasmuch as the operations described in the subject document are out of
the jurisdiction of the State of Ohio, there is no immediate concern with
this Draft Environmental Impact Statement (EIS). However, since Ohio has
a well-established ongoing interest in fuel cycle and radioactive waste
disposal matters, this document has been examined with considerable inter­
est. The following comments are offered.

At present, Ohio has an active commercial reactor building program; one
unit is operation, three are under construction, one has been decomnissioned,
and four more are in the planning stage. In addition, radioactive waste is
generated at the Portsmouth isotope separations facility, the Mound Laboratories
and the Fernald uranium feed facility. If the ~pent fuel from these reactors
must ultimately be stored at a Federal Repository, such a program would be more
easily established if the management of defense matters were fully in harmony
with the commercial waste program.

It is also becoming increasingly apparent that th~~tadioactiYe waste
disposal is beset with a number of (non-technical} institutional, political
and social barriers which are more evident ·in the case of commercial reactor
spend fuel elements than for defense reiated'w~stes;." This EIS·dpes not take
these conditions into account. .
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Mr. Eugene Beckett
June 28 s 1979
Page 2
WIPP

Concerning the specific alternatives which are presented there are
several comments which you will find pertinent.

1. Alternative ls continue storage at the Idaho Natiqnal
Engineering Laboratory (INEL). While this "No Action"
alternative might be cheapest s environmentally benign
and backed by the grea tes t experi encesit also has the
disadvantages of contributing nothing new or progressive
to the state of the art of radioactive waste management.
It also might add to a public perception of the U. S.
Department of Energy's (DOE) inability or indecision to
dispose successfully of defense wastes.

2. Concerninging the other alternatives. It appears that
if the Department of Energy really wishes to move care­
fully in incremental stepss it would be politic to plan
the facility originally to handle only CH (contact
handling) waste, as much as this would take care of the
greatest bulk of the INEL waste easily and expeditiously.
After the Waste Isolation Pilot Plant (WIPP) and the
Department of Energy have demonstrated the ability to
handle this satisfactorilys the facilities for storage
of RH (remote handling) waste and spent reactor fuel can
be added.

On institutional problems, it is hoped that you would be cognizant
of the workshops held throughout the country. Enclosed is'a copy of the
"Recommendations Toward Establishing a Publicly Responsive and Acceptable
National Nuclear Waste Management Policy"s adopted at the Denver workshops
for inclusion in the Final Environmental Statement. It is expected that
DOE will be responsive to these recommendations. It would be appropriate
to include a complete section on institutional problems and how DOE intends
to deal with them.

Generallys the draft EIS is thorough and well done. Howevers it is
felt that DOE has been rather vague about the process of decommissioning;
also s about what would be done with retrieved fuel or waste.

Specific comments made are that on Page 2-4 et. seq. s there are no
institutional criteria listed there which point. to our generalreroarks
about institutional problems. Page 2.6 s if mining the salt beds in the
Williston Basin would not be feasible for the WIPP s it would not be feasible
for lithe richest potash deposits in North America" either so that stateIl1ent
is quite superfluous.

Page 2-7, do "drill holes" include small exploratory core drilling
as well as larger holes, page 2-17 s Section 2.2.3 s point 2. It should be
pointed out that transuranic (TRU) waste as compared with high-level waste u
(HLW) not only generates less heat but also requires little if any shieldi'ng •
and, therefore, under normal operating conditions results in lesser radiation
fields and less occupational exposure.
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Mr. Eugene Beckett
June 28, 1979
Page 3
WIPP

Page 2-26. We concur with the conclusions on this page beginning with
the second paragraph.

Page 9-17 and 14-9, the denial of resources to the state and the in­
dustry, especially of langbeinite seems the greatest drawback of the present
WIPP site, yet the EIS makes no mention of possible monetary compensation
for this-denial.

It is stated by the Department of Natural Resources that they concur
with the elimination of the Salina region for siting of the WIPP. The Silurian
rock salt in Ohio would meet few of the tenative selection criteria.

Also, it should be noted the the Ohio Department of Energy has made a
specific request to review the final environmental impact statemeDt when
it has been completed. -

In conclusion, it is recommended that the above comments be addressed
in the final environmental impact statement and that there be a expeditious
solution to the nuclear waste problem.

Sincerely,

l\~)........---(f~
Judith Y. Brachman
Administering Officer

JYB/lew

cc: DNR, Mike Colvin
OPEA, Gene Wright

Enclosure
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oilOaf1ll Ii" 3lRAI:lB
GOVERNOR

Executive Department ", ":'

INTERGOVERNMENTAL RELATIONS DIVISION:~~
ROOM 306. STATE LIBRARY BLDG" SALEM, OREGON 97310

June 26, 1979

Mr. Eugene Beckett
WIPPProject Office
Mail Stop B-l07
Department of Energy
Washington D.C. 20545

WASTE ISOLATION PILOT PLANT
" PNRS 790 5 4 890

Thank you for submitting your draft supplement to the
final Environmental Impact Statement for State of
Oregon review and comment.

Your draft was referred to the appropriate state
agencies for review. The consensus among reviewing
agencies was that the draft adequately" described the
environmental impact of your proposal.

We will expect to receive copies of the final statement
as required by Council of Environmental Quality
Guidelines.

~YU/~{//
~Y~~LCOX, A-95 COORD~ATOR

KW:jh
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Commonw88lth
of

P.nnsylvenia

GOVERNOR'S OFFICE
OFFICE OF THE BUDGET

Pen/nslllvuftw
.Stlde
Clearinghouse

P.O. BOX 1323 - HARRISBURG, PA. 17120 - (717) 787-8048
783-3133

July 6, 1979

Mr. Eugene Beckett,
WIPP Project Office
Mail Stop B-I07
Department of Energy
Washington, D.C. 20545

Dear Mr. Beckett:

The Pennsylvania State Clearinghouse has received from your
Office copies of the Draft Environmental Impact Statement (DOEI
EIS-0026-D) for the Waste Isolation pilot Plant.

Please be advised that the State Clearinghouse has no comments
to make on the Draft. We would appreciate, however, a copy of the
Final Statement.

Sincerely,
11 ;,cL I .....

Richard A. Heiss, Supervisor
Pennsylvania State Clearinghouse

RAH:ar

cc: File (2)
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We thank you for the opportunity to review this document.

RJF/sjc
Reference File: EIS-79-07

July 12, 1979

STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS

Department of Administration
STATEWIDE PLANNING PROGRAM
265 Melrose Street
Providence, Rhode Island 02907

Dear Mr. Beckett:

Mr. Eugene Beckett
WIP~ Project Office
Mail Stop B-107
Dept. of Energy
Washington, D.C. 20545

Y0'l.~s very, .•. ·trul"!,/.' c! .....,J.-./--..".-..----.......
•:~# . jUttdu/vL-J
Rene' • 'Fontaine
A-95 COOrdinator

This office, in its capacity of clearinghouse designate
under OMB Ci+"cular Number A-95, Part II, has reviewed the
Draft Environmental Impact Statement (DOE/EIS-0026-D),Waste
Isolation pilot Plant, u.s. Department of Energy, dated
April 1979, as received in this office on April 11, 1979.

The Technical Committee of the Office of State Planning
was presented the staff findings as a result of the revie~

along with the staff's recommendation at its meeting of
July 6, 1979. The Committee's decision is that thec1earing­
house has no comment on the draft.



STATE PLANNING BUREAU~~
State Capitol .~,~~~ ....~ Office of

Pierre, South Dakota 57501
605/224-3661 Executive management

July 10, 1979

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-I07
Department of Energy
Washington, D.C. 20545

Re: Draft Environmental Impact Statement (DOE/EIS-0026-D)
EIS 111079
Waste Isolation Pilot Plant

Dear Mr. Beckett:

The State Clearinghouse has distributed for review the above
stated draft environmenta1,impact statement. No comments were received.
Thank you for the opportunity to review and comment.

Sincerely,

(L~
es R. Richardson
issioner

te Planning Bureau

JRR/mjn
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Dear Mr. Beckett:

P-l64
EXECUTIVE OFFICE BUILDING • 411 weST 13TH STREET • AUSTIN, TEXAS 78701

Public Transportation

uelkA,
Donald E. Harley, Manager
Economics and Natural Resources
Budget and Planning Office

July 2, 1979

OFFICE OF THE GOVERNOR

Enclosures: Comments of ­
Department of Water Resources
Air Control Board
Parks and Wildlife Department
State Department of Highways and
Texas Railroad Commission
Department of Health

Mr. Eugene Beckett
WIPP Project Office
Mail Stop B-107
Department of Energy
Washington, D.C. 20545

The Budget and Planning Office appreciates the opportunity to review
this document. If we can be of any further assistance during the
application process, please do not hesitate to call.

DEH:jl

The draft environmental impact statement (DOE!EIS-0026-D) pertaining
to the Waste Isolation Pilot Plant, has been reviewed by the
Budget and Planning Office and interested State agencies. The
comments of the Department of Water Resources, Air Control Board,
Parks and Wildlife Department, State Department of Highways and
Public Transportation, Railroad Commission and the Department of
Health are enclosed for your information and use.

WILLIAM P. CLEMENTS, JR.
GOVERNOR



RICHARD SITZ
aaUNTV ..UDGI:

WARD COUNTY
MONAHANS. TEXAS 79756

Marct! 30, 1979

Honorable Jimmy Carter
President of the United States of America
Washington, D. C. 20510

Dear Mr. President:

Enclosed Is a copy of a resolution passed by our Court on March 26, 1979,
which is self explanatory.

We would like to have a response from you concerning this resolution to
enter into our court records. Even though the fi~al decision has not been
made on the site location, we feel it is particularly necessary,for you to
reply to item # 3 of the resolution.

Yours very truly,

/ld~-U
Richar~ Sitz 7
County Judge

RS:bw
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States to find a place to store
However, there are some basic

Plant near Carlsbad, New Mexico,

MONAHANS. TEXAS 79756

WARD COUNTY

We recognize the need for the United
the accumulated waste of our nuclear programs.
problems of the proposed Waste Isolation Pilot
which have-not been solved.

First, according tCl the hydrological studies conducted by Sandia
labClratories in Albuquerque, New Mexico, there are high.pressure deposits of
natural gas, and water underlying the site which are potenqally dangerous if
the high pressure gas sho\Jld ever force the water into the WIPP site.

these natural gas' deposits are potentially,valuable sources of natural
gas, but the WI PP ',S i te will remove them from useful ness. Al so the potash
deposits of the area will bp. rendered usp.le.ss by the proposed choice of site.

Third, the aquifers of southeastern New Mexico and southwestern Texas
are too close to the chosen site. The Santa Rosa limestones are actually present
in tne boundaries of the mine area. If any leakage 'should occur and seep into
these water supplies, it could pollute a portion or the entife water supply of
the area.

Second, there have been earthquakes as recently as the spring of 1978
in Winkler County, Texas, which is adjacent to Eddy County, New Mexico, the
location of the proposed WI PP site. These quakes shO\'1 the area is not as
geologically inactive as has been claimed by the Department of Energy.

Because of the above reasons, we feel this site is not sufficiently .­
safe for long-term storage of large quantities of nuclear waste.

The following is a true and correct copy of the Resolution passed by theWa d Cou
C.ommissioiiers' Court at Monahans, Texas, on l~al'di26, 1979,'wlth :.aid nesol lion
r.e~()rded in the~:inutes of Cor:nmi ss ioners I ,Court. ,All members on the Court were
present at the meeting, to wit; H. A. Collins, Commission~rPrecinct 1, '
,Robert R. Spinks, Commissioner Precinct 2, J.H. RagIin~ Commissioner Precinct 3,
lenora Price, Commissioner Precinct 4 and Richard Sitz,County Judge. '

RICHARD SITZ
COUNTY JUCDE,

/
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Resolution Page 2

If. however. the President of the United States and the Department
of Energy choose this si"te in southeastern Nehl Hexico, vie would like to see
the following precautions:

J. There should be monitoring of the mine until the mine site is no more radio­
a'ctive than the natural radioactivity of the region.

2. There should be monitoring of private and publ icwater supplies of southeast
New Mexico and southwest Texas as long as it is necessary to monitor the mine.
The monitoring should be at the expense of the United States government. not at
the expense of the individual water user.

3. If pollution of any water suppJyshould occur from the Waste Isolation Pi lot
Plant. the "later supply should be replaced \·lith potable \-Iater. This good. usable
water, should not be at the expense of the property owner/owners, but rather at
the expense of the United States goverpment.

4. There should be security provisions for the transportation of the radio­
nuclear waste to the site.

5. The raoioactive waste should be isolated in as retrievable a manner as possible,
pending future technology when the waste can be safely disposed of or utilized
for fuel.

If the present plans of the Department of Energy are carried out by
the United States, the Carlsbad WIPP site will ultimately contain the lurgest
(o~ one of the largest) concentrations of radionuclear waste in One place that
has ever been gathered together in the history of mankind. We certainly feel
this justifies extraordinary precautions and safety measures for the humans and
animals which populate the area. Also, there are many unique features of the
l~nd which need preservation -- to name but t\"JO -- Guadalupe National F'ark in
Texas and Carlsbad Caverns National Park in New Mexico.

Introduced and passed by the Commissioners' Court of Ward County, Texas,this
26th day of March. 1979.

Attest:

!h. %{fv~::;;:.,::..;-C::-:o:":u::::n~-f-:C....l-er-:k-----.,
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A!95
State Clearinghouse

533-4976
533-4971

Environmental
Coordinating
Committee
533:5794

STATE OF UTAH
, .

Scott M. Matheson
Gove'rnor

Kent Briggs
State Planning Coordinator

Mr. Eugene Beckett
WIPP Project Office,
Ma il Stop 8-,107
Department of Energy
Washington, D.C. 20545

Division of Policy and Planning Coordination
Intergovernmental Relations Section

Lorayne Tempest, Assistant State Planning Coordinator
124 State Capitol

Salt Lake City, Utah 84111
533-4981

June 27, 1979

Human Resources
Coordinating
Committee
533-6081

A/85
Federal/State
Coordination
) 533-6083

Federal Resource
Information

Center
533-4983

Dear Mr. Beckett:

The Utah State Environmental Coordinating Committee has re­
viewed the Draft Environmental Impact Statement; Waste Isolation
Pilot Plant. The Committee offers the following comments.

1. Bottom of Page 1-2 and top of Page 1-3

"... the WIPP will recieve as many as 1000 assemblies
emplaced in such a manner that they can be retrieved for
20 years if necessary, but without the expectations of
doing so."

This last phrase (underlined) should not be voiced
as a part of the mission. A change in the White House
occupancy could enable the Nation to pursue the reason­
able course of fuel reprocessing and breeder reactors
for power generation.

2. Page 6-8 - "There are no shipping casks in existence designed
specifically for transporting HU~ canisters."

If these High-Level Wastes are moved, most of them would
probably go through Utah and Salt Lake City. It is also
anticipated that much of the spent fuel will be transported
through Utah. The proposed cask for HLW would probably be
limited to rail transportation because of its weight (-100 tons).
We'.would hope all of the High-Level Waste could be sent by
rail to minimize contact with the public.
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If the WIPP is to be constructed, Utah will need an in­
creased capability of monitoring shipments to assure its
citizens that they are being protected from unnecessary hazards.
We will also need additional emergency\res~onse capability and
it is our feeling that the added respon~ibility imposed by a
Federal program should be supported by Federal funds.

Thank you for the opportuni ty to cOl1ll1ent.

~~~
Lorayne Tempest
Assistant State Planning Coordinator

LT/dk
790515138
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Copies of comments received are attached: from the Division
for Historic Preservation.

Date: June 27, 1979

Re: Draft EnVironmental Impact Statement, DOE/EIS-0026-D,
Waste Isolation'Pi lot Plant (WIPP)

STATE PLANNING OFFI

AREA CODE 802-828-::

MONTPELIER, VERMONT 05602

STATE OF VERMONT

MEMORANDUM

To: Mr. Eugene Beckett, WIPP Project Office
Mar·1 Stop B-107, Department of Energy
Washington, D. C. 20545

j

From: Em i IY Nea ry, A-95 Coord inator .a/~tV'

P-170

As the State Clearinghouse under OMS Circular A-95
we have notified other pupl ic agencies with a possible
interest in your:

:enclosure

STATE A-95 CLEARINGHOUSE

OFFICE OF THE GOVERNOR

/
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Appendix Q

REPORT OF THE HFARINGS PANEL
ON THE ENVIRONMENTAL IMPACT STATEMENT

FOR THE WASTE ISOLATION PILOT PLANT

This appendix contains the report of the hearings panel on the draft
environmental impact statement for the Waste Isolation pilot Plant. The
report identifies the significant issues raised during public hearings at
Odessa, Texas, on October 1, 1979~ Hobbs, New Mexico, on October 2, 1979~

and Santa Fe, New Mexico, on October 5, 1979.

Q-l



November 6, 1979

Ms. Lynda Brothers
Acting Deputy Assistant

Secretary for the Environment
Department of Energy
Washington, D.C.

Dear Ms. Brothers:

The attached report of the hearing panel on the Waste Iso­
lation Pilot Plant Draft Environmental Impact Statement (DOE/
EIS-0026-D) identifies the significant issues raised during pub­
lic hearings held on the draft environmental impact statement on
the following dates at the following locations:

Odessa, Texas
Hobbs, New Mexico
Santa Fe, New Mexico

October 1, 1979
October 2, 1979
October 5, 1979.

These hearings were held pursuant to a notice published in the
Federal Register on September 5,1979 (44 Fed. Reg. 51848). Ad~

vertisements were also placed in the local press in Spanish and
in English in various cities and towns in New Mexico and Texas
to encourage participation in these hearings. Earlier hearings
on the same DEIS were held in Idaho Falls, Idaho, June 5, 1979,
Albuquerque, New Mexico, June 7 and 8, 1979, and Carlsbad, New
Mexico, June 9, 1979.

The Panel for the hearings consisted of Robert W. Hamilton,
Vinson and Elkins Professor of Law at The University o~ Texas
School of Law, the presiding officer, Dr. John Cumberland, Pro~

fessor of Economics at the University of Maryland, and Dr. Irwin
C. Remson, Professor of Applied Earth Sciences and Professor of
Geology at Stanford University.

Since no member of the Panel is an employee of DOE the
record of the hearing was not compiled by the Board. That func­
tion is being performed by the Albuquerque office of DOE. The
attached repor-t. i,.,s. J.imH:ed t:e the isscre-s-' raised in the oral pre­
sentations and testimony at the hearings and does not address
issues that may have been raised in the voluminous· written com­
ments on the DEIS, which have not been examined or reviewed by
the Panel.

The Panel has not undertaken to resolve the substantive
issues raised or to render judgment on the desirability of the
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Ms. Lynda Brothers
Acting Deputy Assistant
Secretary for the Environment
November 6, 1979
Page Two

WIPP Project. In a few instances in the attached report, the
Panel has made substantive observations or suggestions which it
believes will be of ass'istance to DOE in evaluating the record
of this hearing.

Respectfully submitted,

~W./~
Robert W. Hamilton
Presiding Officer

~~~~
Dr •.,jJohn Cumberland

Dr. Irw~n emson
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~ovember 6, 1979

Report of the Panel Identifying
Significant Issues on the Draft
Environmental Impact Statement

on the Waste Isolation Pilot
Plant DOE/EIS-0026-D

.
This Repo~t describes the significant issues raised at public

hearings on the above draft environmental impact statement (DEIS)

held on October 1, 1979 at Odessa, Texas, on October 2, 1979 at

Hobbs, New Mexico, and on October 5, 1979 at Santa Fe, New Mexico.

These hearings were held pursuant to the ground rules established

in the notice of the hearings, published at 44 Fed. Reg. 51848.

This Report considers only the issues raised at these public

hearings. The Panel has not reviewed the numerous written comments

received by the Department of Energy (DOE) relating to the ~'Yaste

Isolation Pilot Plant (WIPP) project. The full record of these

hearings is being developed by DOE.

The format of these hearings was unusual in two respects.

First, all members of the Panel were drawn from outside DOE. Second,

the morning of each session was devoted to a public presentation by

DOE and its contractors on various aspects of the WIPP project. Mem­

bers of the Panel questionedciosely each person taking part in the

DOE presentation and a relatively few written questions were asked

about this presentation by members of the O;'general public. The after­

noon, and where necessary. the e~ening, sessions were devoted to the

testimony of interested' °members of the general public who had re­

quested an opportunity to testify, and to unscheduled presentations

W by members of the audience.

Q-S



Many of the significant issues and comments described below ..• ,;.

wer~ developed during the morning sessions when DOE employees and.

its contractors made presentations subject to questi?ning by the

Panel. At these sessions the DOE presentation summarized the prin-

cipal objections to the Project made at the earliet: public hearings

and in the written comments, and responded to them. In the view of

the members of the Panel, this format provides a useful and meaning­

ful role for non-DOE Panel members.

The DOE presentation addressed the following substantive areas:.

(1) Transportation of waste to the WIPP site;

(2) Conflict with energy and mineral resources at the site;

(3) Potential contamination of west Texas water supplies;

(4) Geologic suitability of the site;

(5) Effects of low level radiation;

(6) Retrievability.capabilities for the waste; and

(7) Socioeconomic impact of the projeot.

In many of these areas, the DOE presentation adequately responded
I,

to questions and concerns that had beeh raised previously, and clar-

ified precisely what was being proposed at the WIPP project. It

would be desirable for the final EIS to incorporate portions of

these presentations.

In the view of the Panel the following are the principal problem

areas that remain to be addressed by DOE:

I. Recent Changes in the WIPP Project.

Asa result of Congressional decisions, there have been two sig-

nificant changes in the WIPP project since the DEIS was released las,-,
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'lrAPril: the proposal for the intermediate storage facility involving

the storage of up to 1000 spent commercial fuel rod assemblies has

been deleted and it is no longer proposed that the facility be re­

viewed and licensed by the Nuclear Regulatory Commission (NRC). (Tr

1073-74) Of course, at a minimum the final EIS should reflect these

revisions.

The decision to eliminate the commercial spent fuel rod assem-

blies inqreases the conservatism of the project in several respects:

the amount of high level waste that must be transported to the site

has been greatly reduced, possible problems relating to the effect of

long-term heat and radioactivity on salt formations have been elimi-

nated, and the amount of radioactivity released during some of the

"worst possible" scenarios discussed in the DEIS has been greatly re-

duced. (Tr 1075) Since all aspects of this change appear to reduce

the possible adverse environmental affects of the WIPP proposal,

this change appears to require no further procedural steps other than

changing the DEIS so that the final EIS accurately reflects the cur­

rent scope of the project.

The elimination of NRC licensing presents other problems, how­

ever.Several witnesses, including particularly representatives of

the State of New Mexico, continued to call for NRC licensing despite

the Congressional decision, to 'eliminate 'it.' ,(E. g ~, Tr 1210, 1213-14,

1757). In its most definitive statement, the State of New Mexico
, '

called for "the breation of an independent~e~iewprocess at the na-

tional level" and "a second opinion .... to provide adequate assur-

ance of the safety of the project. 1t

Q-7
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commented that DOE possessed the technical capability to review the t
'"

safety of the proposed project with the same degree of sophistication

as the NRC, (Tr 1087) but this appeared unacceptable to the State of

New Mexico, whose representative. objected that "self-regulation

should not be relied upon to protect pUblic health and safety when

complex and potentially hazardous technologies are involved."

(Tr 1757).

The hearings demonstrated that the issues surrounding the WIPP

project are as much political as they are engineering and scientific·.

The question of NRC licensing clearly raises a political issue. In

the view of the Panel it is unlikely that an unstructured internal,

review process by DOE employees, no matter how competent and impar­

tial, will satisfy the persons calling for NRC licensing. DOE should·

consider the development of an "independent" board of safety review

within DOE with scientific and engineering capability to provide d

final review of projects such as WIPP.Similar boards have been

created by other agencies to investigate air disasters, naval acci-

dents, nuclear accidents, and other similar events. While the safety

issues underlying WIPP are prospective rather than retrospective, the

procedures would appear to provide the desired "second opinion."

(See generally Tr 1451-53)

II. ·Should· DOE Now Proceed to the Final Environmental Impact
Statement?

On several occasions during the recent hearings DOE personnel

stated that DOE planned to move promptly to the development of a

final environmental impact statement. The State of New Mexico, on

the other hand, called on DOE to issue "supplements" to the DEIS on
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Wthe. following broad areas:

(a) Transportation;

(b) Emergency Preparedness; and

(c) Socioeconomics. (Tr 1205-1206)

The statement of the New Mexico representative concludes that

"in the event that the DOE is unable to issue supplements on the in-

adequate portions of theDEIS for timely review prior to the pUbli­

cation of the finalEIS, the Governor has stated that he will have

to declare the entire DEIS inadequate." (Tr 1753-54)

While the DOE presentations at the hearings may have provided

some of the detailed information desired by the State of New Mexico,

it is clear that some of the information requested by the State was

not presented at the hearing and, indeed, may not currently be in

existence. The State requ~sted, for example, a "clear" identifica-

tion of the proposed routes for shipment of waste materials, proce­

dures for monitoring shipments through the state, and the capability

of hospitals to respond to a nuclear apcident along those routes.

(Tr 1749) However, the identification of specific routes has not

been made. (Tr 1302)

One witness aJ:;'gued that the. D~IS so, far failed tomee:t the reg­

ulations of-the Councj,l on.Environl1)~ntal;Qualityt-hatan entirely new
'"-',: +~ • ..::. .~~'.- _. ,..... "_,.:"::: - •

• ',' Co'

OEIS should be prepared--. (Tr1456)·. This -w"itness -also called atten-

tion to a nUinber ofminbr'.i.ncc>ns:ist~ncies and errors in the DEIS,

which should be reviewed in conn~ction with' the preparation of the

final ElS.

~ IIl~ Possible Future Changes in the Scope of theWIPP Project.
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At the hearings DOE representatives were questioned about the ..,

binding nature of the final EIS and the possibility that the project

might be increased in scope or magnitude in the future. (Tr 1493)

The Panel was advised that any substantial change would require an

amendment to the final EIS. (Tr l497)

The project is described as involving only contact handled TRU

waste from the Idaho National Engineering Laboratory (INEL), plus

experimentation relating to the effect of high level waste on salt

formations. (DEIS 1-1, Tr l073-74) However, the DEIS contains nu-

merous references and statements that may be construed as authorizing

shipment to and storage at the WIPP site of contact and remote han-

dIed TRU waste from numerous other "locations, ~, Hanford, Los

Alamos, and Savannah River. (See, e.g., DEIS, 6-8 to 6-12).

The low estimates relating to the traffic generated by WIPP at

the hear-ing are all based on the project being limited to INEL stored

TRU waste. Yet, again, the DEIS contains data implying that annual

shipments will be made from various locations in addition to INEL.

(See ~, DEIS 6-l3). For example, Table 6-4 of the DEIS indicates

an annual total of 181 rail and 187 truck shipments from INEL but a

total of 338 rail and 487 truck shipments.

IV. The Role of the State of New Mexico in Connection wi"ththe
Approval of the Project.

At the time of the hearings, representatives of both DOE and the

State of New Mexico referred to negotiations that were then taking

place relating to the precise definition of "consultation and concur-

renee," the phrase used by the President's Interagency Review Group•
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~ to describe the role of States in connection with nuclear waste dis­

posal facilities. (Tr 1074-75, 1756) One witness stated that Con-

gressional sources objected to the concept that "concurrence" amounted

to a veto (Tr 1273,1453); the State of New Mexico, however, testi-

fied that "a right of concurrence also implies the right of noncon-

currence." (Tr 1209-10)

Assuming that agreement is reached on the appropriate role of

the State of New Mexico, this role should be described in the final

EIS. In the event agreement is not reached, the final EIS should at

least describe the role DOE is willing for the State of New Mexico

to play in the final decisional process.

IV. Transportation of Waste.

The DOE presentation gave considerable emphasis to the various

issues relating to the transportation of nuclear waste to the WIPP

site for disposal. Several members of the general public as well as

the representative of the State of New Mexico also concentrated on

issues relating to the transportation of waste. Several different

problems were raised:

(a) Objections were made that the nElS was vague and im-

precise. Specific routes are not designated, the packaging in which

the waste is to be transported is not described (since it is still

under development), (Tr 1217-19) and even the form in which the

waste is transported is not 'identified. (Tr 1172, 1299; DEIS 5-2 to

5-3). While it seems clear thatabs'olute precision as to data is

neither required nor desirable" additional information and data should

~be incorporated into the final EIS to the extent it is available.

Q-11



the DEIS. (Tr 1310) For example, the consequence analysis assumes

and starts with an accident and a leak. (DEIS 6-20) This analysis

ignores the extensive engineering that is apparently going into pack-

aging and leak reduction; which appears to reduce significantly the

probabi1~ty of a leak in the event of an accident. The analysis in

the DEIS is misleading because it assumes that a leak will occur

without indicating the low probability of an accident severe enough

to breach the packaging. As a result, transportation dangers appear

to be overemphasized by orders of magnitude. (Tr 1519)

The possibility of injuries from excess radioactivity in an ac-

cident is a function of several possible variables:

(i) The probability of the occurrence of an accident;

(ii) The probability that the package will be breached
in the accident; and

(iii) The probability that the accident will occur in an
area in which people may be exposed to radioactivity.

These variables, it was felt, should be more specifically addressed

in the transportation section of the DEIS. (See Tr 1521-22)

Even thO''ll9h possibility (ii) described above is a small number

because of th~" design of the packaging, there is always the possibil­

ity of human error, ~, in correctly closing the package. Thus,

discussion of the "worst possible" scenarios in the transportation

area seems·appropriate so long as the p1ausability of the scena~ios

are put into perspective. (Tr 1308-10) Indeed, a DEIS that posited iiJ
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(f) Consideration should also be given to possible 'bene~
fits and costs of .DOE transport, convoys, or escorts. (Tr 1297":99)

v. Geology and Hydrology. (The comments in this section are

principally though not exclusively those of Dr. Remson).

(a) Good practice requires aquifer-wide hydrological anal­

ysis and consideration of all formations rather than analysis of a

small area. (Tr :1,329) It appears that the DEIS modeled only a 'por-

tion of the aquifer which was done before the hydrologic investigatior.

was complete. (Tr 1331) These facts make one wonder how'and where

boundary conditions. were set on the models. Apparently the hydrolog-

ical modeling did not consider natural aquifer extensions into'Texas

either. (See DEIS, § 7.3) As a result, it is difficult to see how

conclusions expressed at this hearing relating to scenarios involv-

ing a radioactive leak into an aquifer and the effects of aquifer

depletions in Texas can be justified. (Tr 1329-30) Furthermore,

the possible failure to delineate the boundary conditions accurately

raises a question as to the validity of the entire modeling effort.

(Tr 1329) A broader regional analysis should be undertaken to include

a description of systems hydrologically connected with the WIPP site,

including the Pecos River and aquifers that receive recharge from the

Pecos River. (Tr 1232)

(b) In connection with the hydrology study the need for

additional wells for ground water samples was emphasized. It was

pointed out that wells downgradient from the disposal site are more

than a mile apart. It was also suggested that the frequency of samp­

ling be increased from a quarterly to a monthly schedule. (Tr 1231t1'
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(c) Questions were raised at the hearing about the shal-

low-dissolution zone. (Tr 1135) The DEIS is confusing in this re-

gard. Figure 7-25 shows the shallow dissolution to the west of the

site while Figure 7-27 shows the Rustler thinning, presumably due to

dissolution under the site. Conceivably the ambiguity arises from

the definition of "shallQw dissolution" which may refer either to

"near surface dissolution" or to all dissolution above the Salado

Formation.

An experienced geologist testified that he believed the thinninq

of the Salado salt section was due more to offlap than to dissolu­

tion. (Tr 1405, 1409) The DOE contractor gave similar testimony

which disagrees with a study by Anderson. (Tr 1410-11, 1414) This

issue should be clarified in the DEIS.

(d) One witness refers to a "dome" under the site. (Tr

1189). This possibility should be referred to (or negated) in the·

final EIS.

(e) It appears to be desirable to drill out some of the

"dissolution pipes" south of the site. (See Tr 1415)

(f) One experienced geologist proposed that the questions

relating to subsurface c.ondi t-ions' should be reviewed, by an inde1;>en-

dent panel of geologists. (Tr 17'32~3)..
(g) The use of. groundwater for.vCl:rio~spurposes (domestic,

livestock, etc.) from the' Rustler .~n<:!.SantaRosa.aquafersbetween the

site and the Pecos River should be tabulated. .tTr 1231)

(h) The groundwater monitoring program {DEIS, App. J) should

~e broadened to include chemical analysis of groundwater for dissolved
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VI. Socioeconomic Information.

33)

(i) The OEIS should describe measures that will be taken

Indeed the.(Tr l356)

Q-16

(Tr 1380-81)

.(b) Energy requirements, ~, for gasoline and electricity.

solids' such as'sodium chloride as well as radionuclides in order to,.

evaluate the·effect of WIPP construction on water quality. (Tr 1232-

(a) The socioeconomic indicators such as probable effects

(d) Additional state and local fiscal information on added

if significant radionuclide contamination of groundwater actually oc­

curs. . (Tr 1233)

While additional socioeconomic information was presented at the

hearing, (Tr 1582-90) additional information was requested in several

other· areas:

"boom town effects." (Tr 1183, 1185, 1615)

on crime, divorce, alcoholism, drug abuse, child abuse, and other

(Tr1384)

VII. Damage to Health'by Low Level Radiation.
\

. The Panel . \ that there is lively scientific controversyrecogn~z~s
\

\
over the long-term effect~ of low level radiation. (Tr 1355) However,

\

(c) Quantities of household, sanitary, solid and municipal

waste, both primary and secondarily generated, by type and source.

(Tr 1382)

plyed persons specified.

revenues and added costs, by time periods, with the number of unem-

a comparison of energy levels between nuclear waste and electric light

bulbs seems both irrelevant and ,self-serving.



~UbliC interest and concern about this ussue is so great that any at­

temped justification Of low levels of radiation by a representative

of a contractor who may actually operate the project if it is approved

is likely to be considered not credible because of a potential con­

flict of interest. (Tr 1361-62)

(b) The OEIS does not discuss health effects as such but

consistently uses doses of radiation as an .index of hazard. Such dose

related data should be translated into anticipated health effects such

as the total number of incremental cancers, person days lost, hospi­

tal days, and shortening of life. (Tr 1152-53) The Panel recognizes

that such estimates are ranges rather than precise data but suggests

that they give a clearer perspective as to the effect of exposure to

radiation. (Tr 1154)

(c) Dose related data impacts should be separately esti­

mated, where possible, for high risk groups such as children and preg­

nant women.

(d) The practice in the OEIS of describing exposure to

radiation as a percentage of back9round, while technically accurate

and generally accepted, tends to mask_~he harmful effect of exposure,

which, of course, is in addition,to natural background radiation that

will be absorbed in any event •...(Tr 1554)

(e) The PE.IS d~J;c:,r:ibes:"~xposu,res ,f,rom a variety of. dif­

ferent sources, ~'~, from tr~,nsp()rtation.and, from emplacement of the

waste in WIPP. Nowhere,istherean;aggre~ationof total exposure of

the US population to radiation as a result of the contemplated con-

~struction and operation of the WIPP'project and the number of health
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consequences of such exposure. (Tr 1156-57) ..,

(f) The Panel believes 'that if the credibi1ity,of addi­

tional information in 'this area.is·to be improved, it maybe appro­

priate to have additional studies prepared by respected and competent·

persons or organizations who are not otherwise connected with the

WIPP project.

VIII~ The Nature 'of the High Level Waste Experiments.

TheDEIS describes the high level waste experiments only in very

general terms. While some additional information about'the nature. o,f

thee~periments and the amount of radioactivity involved was pre- .

sented at the hearing (Tr 1076, 1495, 1552, 1760-2), additional infor­

mation about these experiments should be presented in the EIS to the

extent feasible. (Tr 1203-1205)

IX. Compensation to Adversely-Affected Persons.

Dr. John Cumberland, a member of the Panel, was particularly con­

cerned about comments that residents of New Mexico were being asked to

share an unreasonable portion of the cost of nuclear waste. He raised

with several witnesses the question whether compensation might help

to alleviate'that imbalance~ ('i'r 1400, 1538, 1684) This,suggestion

is broader in scope than nuclear waste management since it would be

potentially applicable to many projects having adverse environmental

consequences, and probably would require enabling legislation. How­

ever. the idea has merit. A fuller 'statement by Dr. Cumberland ex­

plaining his suggestiqn follows:

"THE POTENTIAL' CONTRIBUTION OF ECONOMIC INCENTIVES

"One of 'the major opportunities' which has been missed in the -.
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WIPP proposal is to make use of the helpful role which
financial incentives could play in achieving a more equi­
table and efficient distribution of benefits and costs of
nuclear waste disposal. A major concern in proposals for
large governmental and other projects is the discrepancy
between the benefits and costs as between individuals,
groups, locations, and generations. Presumably, the en­
tire nation benefits from nuclear weapons (although many
would dispute this). What is clear is that the costs are
very unequally distributed. In this case, residents of
New Mexico are being asked to bear the heaviest burdens as
would others along the transportation routes. Therefore,
providing financial assistance to those who wanted to move
could offer a more equitable distribution of the costs.
While most parties would probably reject the concept of a
"national sacrifice area," even low levels of risk cause
perceived damages which, are true psychological and there­
fore real social costs, above and beyond any real actuarial
risk. While many at the hearings totally rejected the idea
of economic assistance for moving, or other forms of finan­
cial compensation on the basis that residential preference
is an entirely different matter from economic compensation,
(Tr 1684) others indicated that for some who are highly risk
averse and would like to move, offering relocation assis­
tance would open a new option not previously available.
(Tr 1400-1401) This option could be especially valuable to
pregnant Women and children who might bear a disproportionate
amount of risk.

"Providing such relocation assistance need not be especially
costly to the government if aid were limited to fair market
value of residences and some reasonable amount of relocation
and retraining aid with appropriate limitations. This would
be an efficient solution, since less risk averse persons
could then be offered an opportunity to purchase affected
residences and move into any vacated jobs.- The fair market
value should be determined before the institution of WIPP,
as adjusted for inflation.

"Another dimension of equity in' sharing the, 'benefits, and
costs would be to compensate the State of New Mexico for tax
revenues lost on minerals at "the-site. Offer's could also be
made to provide ,al,ternative, water supplies for any whose
water was contaminated! and/or to provide' ''land purchase ,and
relocation for those engaged in agriculture, commerce, or
industry which.would-be adversely affected by WI?P.

"Additional economic instruments should be corisideredin t:he
case of health and property damage to those who remain as a
result of accidents or other types of exposure. TheDepart-

~ ment of Energy and the Federal Government should address
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several aspects of this problem which currently are unqlear, < .::W'
such as: would the existence of workman's compensation laws '
prevent adequate compensation to any injured or damaged? If.
so, alternative adequate compensation should be established.
Additionally, a long carcinogenic lag might prevent 90mpen­
sation to those whose health damage was not apparent for
many years. In the interest of fairness, appearance of ra­
diation-related types of health damage should be presumed to
result from the WIPP project, even if it could not be statis­
tically or medically proven.

"Establishment of these forms of compensation and aid would
not satisfy all of those who object to potential damage to
their health, property, and land, but it might reduce the
perceived level of injustice and recurring discrepancy~e­

tween the benefits and costs of major nuclear and even other
energy facilities and large projects'which people now view
as beyond their control."

x. Miscellaneous.

During the course of the hearings a number of miscellaneous ,sug-

gestions and recommendations were made on a variety of subjects, in-

eluding the following:

(a) Emphasis should be given to the objective of proceed­

ing with waste disposal "by deliberate steps in a technically conser­

vative manner." (Tr 1233-34)

. (b) A continuing reassessment of plans for the disposal of

transuranic waste at the WIPP site should be undertaken, particularly

with respect to other disposal sites. If other sites are shown to

provide equally safe storage for this kind of waste, it was suggested,

the advantages of reduced quantities of waste storage at a single
, \

site should be carefully considered. (Tr 1234) In a similar vein,
\,

several persons suggested that the WIPP project should be deferred

until other sites ~re investigated, (Tr 1427) though it was also

pointed out that the question is whether this site is suitable, not
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'·.hether it is the best possible site. (Tr 1077) It was pointed out

that with the elimination of spent fuel assemblies, the urgency be-

hind the project has decreased. (Tr 1207) However, the Panel also

wishes to point out that earlier hearings revealed that the wastes

are currently stored in areas that overlie important aquifers in

Idaho, and therefore their present location is not suitable.

(c) Section 7.2.6 of the DEIS should be expanded to de-

scribe the effect maximum accelerations caused by seismic effects

might have on the stability of the waste-storage area, the retreiva~

bility of stored waste, and the potential for liquid breach of the

site. If no such effects are likely, the EIS should so state. (Tr

1231)

Cd) The DEIS is internally inconsistent since it states

that groundwater from the Santa Rosa and Rustler is used only for

livestock and potash mi~ing. (Section 7.3.2) but later states that

water is used for human consumption at the James ranch (DEIS, J-28).

(Tr 1231) This minor inconsistency should be corrected.

(e) It was suggested that analysis of the four scenarios

involving breach of the WIPP site by water should be broadened by

estimating the effects of a breach immediately following site clo-

sure (as well as the 100 year and 1000 year assumptions). (Tr 1232,

(f) One witness pointed out an inconsistency in the DEIS
!

treatment of endangered species, stating in one place that there

were no endangered species known to inhabit the site but referring

to endangered species at another place. (Tr 1462-63)

(g) While the hearing produced some information about the
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availability of insurance for accident or injury,(Tr l292-9~, 10.9"

99) it was suggested that the EIS should contain information about

the location of liability (as among the Federal Government, commer­

cial operators and commercial transportation facilities) (Tr 1208,

1362) for such events. The possible effects of workmen's compensa­

tion and the Price-Anderson Act should also be discussed. (Tr 1362-

.63)
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