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Foreword

In accordance with the National Environmental Policy Act (NEPA) of 1969,
the U.S. Department of Energy (DOE) has prepared this document as environ-
mental input to future decisions regarding the Waste Isolation Pilot Plant
(WIPP), which would include the disposal of transuranic waste, as currently
authorized. The alternatives covered in this document are the following:

1. Continue storing transuranic (TRU) waste at the Idaho National Engi-
neering Laboratory (INEL) as it is now or with improved confinement.

2. Proceed with WIPP at the Los Medanos site in southeastern New Mexico,
as currently authorized.

3. Dispose of TRU waste in the first available repository for high-level
waste. The Los Medanos site would be investigated for its potential
suitability as a candidate site. This is administration policy and is
the alternative preferred by the DOE.

4. Delay the WIPP to allow other candidate sites to be evaluated for
TRU-waste disposal.

This final environmental' impact statement (FEIS) for the WIPP project is a
revision of the draft environmental impact statement (DEIS) published in April
1979. It includes responses to comments received from the public and from
government agencies, in writing and in a series of public hearings, and has
been modified to reflect changing policies and legislative requirements.

Two principal differences between this FEIS and the DEIS arise from the
deletion of an intermediate-~scale facility for the disposal of spent fuel and
licensing from the WIPP project, as directed by the DOE authorizing legisla-
tion for fiscal year 1980. Another difference is that the WIPP project, the
preferred alternative in the DEIS, is now termed the authorized alternative.
The preferred alternative is to continue storing TRU waste at the INEL until
a high-level-waste repository is available to receive it, this time expected
to be between 1997 and 2006. The preferred alternative is consistent with the
President's message to Congress of February 12, 1980, establishing a compre-
hensive national program for the management of radicactive waste.

If this preferred alternative is pursued, additional NEPA documentation
will be prepared for further site investigation and for decisions on the
qualification of the Los Medanos site as a candidate for a high-level-waste
repository. In all cases, future activities related to the Los Medanos site
would be done in cooperation with the State of New Mexico.

The analysis of the authorized WIPP project is to provide input to deci-
sions concerning TRU-waste disposal and associated experiments. To provide
sufficient input for these decisions, this document also analyzes the radio-
logical consequences of waste transportation and processing. Nevertheless, it
is not intended to provide sufficient environmental analysis for decisions on
actual routes or methods for transporting material to the repository or for
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decisions on the construction of facilities for processing the waste destined
for the repository. These decisions will be addressed in subsequent documents.

" The WIPP authorized alternative includes a site and preliminary-design
validation (SPDV) program in which” two deep shafts and an underground experi- -
mental area would be constructed. This program would allow the DOE to confirm
the geologic adequacy of the Los Medanos site before a decision to proceed
with full construction. Although designed to meet the requirements of the
WIPP authorized alternative, the SPDV program would be compatible with the
characterization activities that would be needed to qualify the Los Medanos -
site for a high-level-waste repository under the preferred alternative. Simi-
larly, the technical information gained from the SPDV program could aid in the
compar ison of site'adeqUacy intended by the fourth alternative (i.e., to delay
the WIPP pending the evaluation of other candidate sites).

. PR
This environmental impact statement is arranged in the following manner:
Chapter 1 is an overall summary of the' analysis contained in the document.

' Chapters 2 and 4 set forth the objectives of the nationhal waste-management

program and analyze the full spectrum of reasonable alternatives for meeting
these objectives, including the WIPP. Chapter 5 presents the interim waste-
acceptance criteria and waste-form alternatives for the WIPP. Chapters 6
through 13 provide a detailed description and environmental analysis of the .
WIPP repository and its site. Chapter 14 describes the permits and approvals

necessary for the WIPP and the interactions that have taken place with Fed-

eral, State, and local authorities and with the general public in connection
with the repository. Chapter 15 analyzes the many comments received on the
DEIS and tells what has been done in this FEIS in response. The appendices
contain data and discussions in support of the material in the text.
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1 Summary

1.1 BACKGROUND

This document provides environmental input for certain decisions in the
U.S. Department of Energy (DOE) program for managing the transuranic radio-
active waste generated in the national defense program. This final environ-
mental impact statement was preceded by a draft statement published by the DOE
in April 1979.

Large quantities of radioactive waste have resulted from the production of
nuclear weapons and the operation of military reactors in national defense
programs. This waste includes both high-level waste (HLW) and transuranic
(TRU) waste. (These terms are defined in the main text of this document and
in the glossary.) The earliest decision on managing these wastes was made in
the mid-1940s: to store high-level waste as liquids in tanks and to bury other
waste in trenches. 1In the mid-1950s, a committee of the National Academy of
Sciences suggested salt formations for the permanent disposal of high-level
waste. Studies of salt, including experiments in a salt mine in central Kan-
sas, led to a 1970 proposal to establish a high-level-waste repository in that
mine; this proposal, however, foundered for a variety of technical reasons.

After the Kansas site was abandoned, there was a renewed examination of
possible repository sites. Progressive elimination of less desirable sites
led to the bedded salt of southeastern New Mexico and to the Los Medanos site
in Eddy County, New Mexico. Work started in 1975 on a conceptual design for a
repository at the Los Medanos site, primarily to dispose of TRU waste stored
in retrievable form at the Idaho National Engineering Laboratory. The storage
of this waste had begun in 1970 with a decision by the Atomic Energy Commission
to store this waste by methods designed to keep it retrievable for at least 20
years rather than to continue shallow land burial.

Current legislation authorizes the construction of the Waste Isolation
Pilot Plant (WIPP) as a defense activity of the DOE. The WIPP mission, as
defined in this legislation, is to provide a research and development facility
to demonstrate the safe disposal of radioactive wastes resulting from the
defense activities and programs of the United States.

The legislation appropriating funds to the DOE. for fiscal year 1980
(PL 96-69) prohibited the expenditure of funds.appropriated to the DOE under
that act for any purpose related to the licensing of the WIPP by the Nuclear
Regulatory Commission or ‘to .the disposal at the Los Medanos site of radioactive
waste not resulting from the national defense activities of the DOE. Further-
more, that year's authorization act for the;DOE'S'national security and mili-
tary applications programs (PL 96-164) defined the WIPP so as to limit it to
activities involving defense-related radioactive waste.

In the meantime, studies concerned with repositories for commercially
generated radioactive waste continue under the National Waste Terminal Storage
program. This program is considering sites in various regions and media.




On February 12, 1980, President Carter sent a special message to Congress
(reproduced in Appendix C) establishing the nation's first comprehensive pro-
gram for the management of radioactive waste. This message was consistent
with the broad consensus that evolved from the efforts of the Interagency
Review Group on Nuclear Waste Management.* The President decided that all
repositories for the permanent disposal of highly radioactive waste should be
licensed. He directed the DOE to expand and diversify its program of geologic
investigations before selecting a specific site for repository development.

He decided the WIPP project should be canceled and that defense and commercial
waste should both be placed in the same repositories. The preferred alter-
native identified in this final environmental impact statement, disposal of
TRU waste in the first available high-level-waste repository, is consistent
with the President's proposed program.

In accordance with the Impoundment Control Act of 1974, on March 4, 1980,
President Carter sent to Congress a proposal to rescind funds appropriated for
the WIPP in fiscal year 1980. The proposal was not acted on by Congress.

This document examines the impacts of the preferred alternative, as well
as the authorized WIPP project and other alternative plans, and compares the
impacts of the alternatives.

1.2 ALTERNATIVES

This environmental impact statement analyzes alternatives for the long-
term disposal of the TRU waste stored retrievably at the Idaho National Engi-
neering Laboratory. It also considers potential alternative uses of the Los
Medanos site. The use of the Los Medanos site in southeastern New Mexico for
the construction and operation of a facility designed for the disposal of TRU
waste and experiments with high-level radioactive waste is designated the
authorized alternative. The other alternatives are evaluated in comparison
with this alternative. 5

The alternatives considered in this document are as follows:

1. No action. The TRU waste remains stored at the Idaho National Engi-
neering Laboratory as it is now or with improved confinement.

2. Construction of the WIPP facility at the Los Medanos site in south-
eastern New Mexico. This is the alternative authorized by legisla-
tion. The WIPP would include a 100-acre mined repository for the
demonstration disposal of defense-program TRU waste, including the
waste stored retrievably in Idaho, and a 20-acre underground area for
research and development on the disposal of defense-program high-
level waste.

*The Interagency Review Group on Nuclear Waste Management, established by
President Carter in March 1978, was made up of representatives of 14 govern-
ment agencies. 1Its charter was to make recommendations for a national policy
for the management of radioactive waste and supporting programs.
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3. Disposal of TRU waste stored at the Idaho National Engineering Labora-
tory in the first available repository for high-level waste. The Los
Medanos site would continue to be protected and investigated to deter-
mine its potential suitability as a candidate site for a high-level-
waste repository. This is the alternative preferred by the DOE. By
1985 to 1989, four or five sites potentially suitable for a high-
level-waste repository should have been found from among those exam-
ined in various media--bedded salt, domed salt, basalt, granite,
shale, and tuff. Defense-program TRU waste would be disposed of in a
high-level-waste repository built at one such site, planned to begin
operation between 1997 and 2006.

4. Delay of the WIPP facility. By 1984 or so, evaluations of salt~dome
and basalt sites should have been completed, allowing these sites to
be considered, in addition to the Los Medanos site, in deciding on the
location of a WIPP-like facility.

1.3 THE LOS MEDANOS SITE

The Los Medanos site is in southeastern New Mexico, about 25 miles east of
Carlsbad. 1Its area is 18,960 acres, all Federal and State land, of which
nearly 17,000 acres would be used for buffer zones around an underground
repository. It has been extensively investigated and is a potential site for
a repository under alternatives 2, 3, and 4.

The site is on a plateau east of the Pecos River, an area of rolling sand-
covered hills and sand dunes with desert vegetation. The land is used for
grazing at a density of about six cattle per square mile.

Sixteen people live within 10 miles of the center of the site; approxi-
mately 94,000 people live within 50 miles. Basic industries in the area are
mining, manufacturing, and agriculture. Tourism is important because of the
nearness of the Carlsbad Caverns National Park (41 miles west-southwest of the
site and west of the Pecos River).

Southeastern New Mexico is arid.. There is a wet season in late summer,
but the total rainfall at the site is’ only about 13 inches a year. Winds are
dominantly from the south to southeast throughout the year, although the storm
winds of winter and spring tend to come from the west.

Geology

The site is in the north—central part of the Delaware ba51n, a region in
which evaporation in a shallow sea deposited about 3600 feet of ‘evaporites
during the Permian period 280 to 225 million years ago. A repository at this
site would be built in the nearly pure salt of the salado Formation, itself

almost 2000 feet thick, with a mined dlsposal level 2150 feet below the sur-
face.

Potash minerals and hydrocarbons (oil and gas) are important resources in
the region. The former occur sporadically in a layer 800 to 1000 feet below
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the surface, the latter in various strata from 4000 to 14,000 feet below the
surface. There appear to be no economic reserves of crude oil at the site,
but there is natural gas amounting to about 0.02% of U.S. reserves. The
Carlsbad potash district is the pr1nc1pal domestic .source of sylvite and lang-
beinite for fertilizers: the langbeinite minerals of the area may be unique in
the free world. Langbeinite fertilizers are used where crops cannot tolerate
the addition of chlorides. However, similar chloride-free fertilizers can be
made from other minerals.

The site is in an area of low seismicity.

Hydrology

The Pecos River 'is 14 miles to- the southwest, but there is no integrated
surface dralnage leading from: the site to the river. The principal ground-
water aquifer of the- reglon is the Capltan Formation about 10 miles to the
north. Aqulfers at the 51te 1tse1f yield little water, and this water is of
low quality.

Underneath the evaporite formations, there are about 3000 feet of rocks
bearing brackish water. This water flows'leW1y toward the northeast, with
some connections to the base of the Capitan. The evaporite formations them-
selves contain no circulating groundwater, although isolated pockets of pres-

., surized brine have been found below the Salado. BAbove the salt-bearing forma-

tions there are two beds Qf dolomite that bear water sometimes used for stock.
This water flows to the southwest, finally discharging in brine springs along
the Pecos River.

Underground dissolution of salt is still an active process in the region.
At the site itself, dissolution has removed some salt from above the Salado,
but essentially no Salado salt. The shallow-dissolution front at the top of
the Salado is about 2 miles west of the center of the site and is advancing
horizontally along the top of the Salado salt toward the east at a rate esti-
" mated to be 6 to 8 miles per million years. The average vertical rate of dis-
solution, downward into the Salado salt, is about 0.33 to 0.50 foot per 1000
years. At these rates the zone of salt considered for a repository at the Los
Medanos site would remain unaffected for 2 to 3 million years.

The possibility of dissolution at the base of the evaporites has been
under investigation because this process appears to be active to the south in
Texas. According to the investigations to date, this deep dissolution is not
active within 10 miles of the site. '

1.4 ENVIRONMENTAL EVALUATION OF ALTERNATIVES

This section compares the environmental impacts of the four alternatives.
Alternative 2 is taken as the reference case for this comparison; its environ-
mental impacts are evaluated in this statement. The costs and impacts of the
high-level-waste repositories called for in alternative 3 are taken primarily
from the draft generic environmental impact statement on the management of
commerc1ally generated radioactive waste (DOE, 1979).
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Al ternative 1l: No action

Transuranic waste would be maintained at present storage sites at the
Idaho National Engineering Laboratory, possibly with improved confinement.
Because there are no locations suitable for deep geologic disposal at the
Idaho National Engineering Laboratory, the waste would remain near the sur-
face. No action would be taken on TRU-waste disposal at the Los Medanos site.

In the short term, the radiological consequences of no action are small.
At the Idaho National Engineering Laboratory doses to individuals of no more
than 0.0000036 rem per year could be. expected. 1In the long term, on the other
hand, some natural events that might produce large exposures are probable.
The Laboratory is at the edge of the Arco Volcanic Rift Zone, which has been
active as recently as 10,500 years ago and is likely to be the scene of vol-
canic action in the future. 1Individuals could receive. 50-year radiation-dose
commitments as high as 90 rem to.the lung if volcanic activity disrupts the
stored waste. Inadvertent human intrusion into the waste could produce indi-
vidual dose commitments of up to.700 rem to the lung, with current storage
methods. However, with improved confinement, the maximum individual 50-year
radiation-dose commitments resulting from volcanic activity and inadvertent
-intrusion would be reduced by a factor of 100.

Alternative 2: The authorized WIPP facility

The authorized WIPP facility would consist of both surface and underground
facilities, including a waste-handling building, an underground-personnel
building to support underground construction, an administration building, four
shafts to the underground area, underground openings at a single level for
waste disposal and for experiments, and various support structures. There
would be a storage pile for mined rock (primarily salt), an evaporation pond
for runoff from the mined-rock pile, a sewage-treatment plant, a disposal aree
for construction spoils, and a landfill for sanitary wastes. The construction
of the facility would take 4.5 years, and. the plant would be designed for an
operating life of about 25 years. The facility would be operational in 1987.

The development of the WIPP would occur in two distinct phases: (1) site
and preliminary-design validation (SPDV), in which two deep shafts and an
underground exper imental area. would be. constructed; and (2) full construction
in which the required surface and underground. facilities and the remaining
shafts would be built. The ‘SPDV.program: has been.planned to confirm the geo-
logic adequacy of the site and to verify the engineering.properties of the
salt at the depth of the WIPP repository. After completion of the-site veri-
fication activities, this environmental impact statement would be supplemented
before a decision on the constructlon of the WIPP fac111ty,.1f significant new
information were developed durlng the SPDV program. The SPDV—program plan
calls for a 2-year period for. constru¢tlon and site validation and an opera-
tional period of up to.5 years for: de51gn valldatlon. Although designed to
meet WIPP requirements, ‘the SPDV program would be compatlble with the charac-
terization activities that would be needed to qualify the Los Medanos site for
a high-level-waste repository,. if -exploration at. repository depth should be
required. .

Over its 25-year operating life, the WIPP could receive about 6.2 million
cubic feet of contact-handled TRU waste and as much as 250,000 cubic feet of
remotely handled TRU waste. This would account for all of the TRU waste cur-~
rently held in interim storage in Idaho, two-thirds of that expected to be
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generated at all DOE facilities between now and 1990, and all of that expected
to be produced from 1990 through 2003. 1In addition, the WIPP could receive
about 150 cubic feet of high-level waste for experiments.

The environmental impacts of both the SPDV program and the construction
and operation of the complete facility have been examined. The impacts of the
SPDV program are described in this document; the impact analyses are presented
in greater detail in a technical report prepared for the DOE (Brausch et al.,
1980).

The physical 1mpacts of the SPDV program would be similar to those that
accompany any small mining project: 'locally increased noise levels, local
degradation of .air quality from dust, disturbance of vegetation and wildlife
habitat, and increased soil erosion. None of these impacts are judged to be
significant. The noise levels generated could disturb local residents. The
air pollution produced would not cause significant deterioration of air qual-
ity or result in violations of Federal or State air-quality standards. ' The
increases in noise and air pollution would be short-lived, lasting only the 2
years or so of SPDV construction. Longer~term impacts on vegetation and wild-
life would occur because of clearing about 67 acres of their present vegeta-
tion and removing this land from grazing. Some of this land (15 acres) would
be removed for a very long time because it would be sterilized by salt.
.Access to the mineral and energy resources at the Los Medanos site would be
denied dQuring the SPDV program, but in the event that this site were not con-
sidered further for a repository these resources would again become available.

The socioeconomic impacts of SPDV activities, either beneficial or ad-
verse, would be minimal because of the small size and short duration of stay
of the SPDV work force. -The SPDV program would require about $54 million
(1979 dollars) to design and build and about $5 million a year to operate. If
the WIPP or a high-level-waste repository were constructed at the Los Medanos
site, after site validation the SPDV shafts and underground development would
become a part of the complete facility.

. Because no radloactlve materials would be used in the SPDV program, there
would be no radiological. consequences.

The physical impacts of developing the complete WIPP facility would in-~
clude the removal of 1072 acres of land from grazing and the denial of access
to some subsurface minerals. Some of this land (37 acres) would be removed
from grazing for a very long time because it would be sterilized by the salt
stored on its surface. The important mineral reserve is langbeinite, a min-
eral used for fertilizer where chlorides cannot be used. Access to an. esti-
mated 3% to 10% of .the U.S. reserves of this mineral would be denied through-
~out the operating life of the WIPP, and strict controls on its removal would
be ‘enforced after operations were completed. Although langbeinite is useful,

‘ similar minerals produced commercially from brine lakes can be used in its
place.*

The author1zed WIPP facility would cost about $500 m1111on (1979 dollars)
to design and build and $24 million a year to operate. Jobs created directly -
and indirectly would peak at about 2100 during construction and drop to 950
durlng operation.
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. Transportation accidents of extreme severity, though not expected to
occur, were postulated to analyze the worst possible consequences of trans—
porting waste to the WIPP. . Such an accident in the transportation of the
exper imental high-level waste could deliver to individuals a 50-year radia-
tion-dose commitment that might reach seven times the dose delivered by nat-~
ural background radiation. 1In an accident during the -shipment of TRU waste,
the maximally exposed individual could receive a dose 3.4 times that from
background sources. The relation of.radiation doses to health effects is
discussed in Appendix O.

During operation, the most severe credible accident would be an under-
ground fire in the disposal area for contact-handled TRU waste. The 50-year
radiation-dose commitment received by the maximally exposed individual would
be about 0.0001% of the dose from natural background radiation; this dose
would be delivered to the bone.

After the WIPP has ceased operation and is closed, no release of radio-
active material would be expected. Nevertheless, if someone were to drill
directly into the stored TRU waste 100 years later, the geologist on the drill
crew could be exposed to a whole-body dose of about 0.0015 rem. This dose is
about 1.5% of the annual dose received from natural background radiation.

Even if the worst imaginable release into groundwater occurred, the conse-
quences would be very small: the radioactivity discharged into the Pecos River
would deliver an annual bone dose of only 0.00003 rem to the person receiving
the highest exposure. This is 0.03% of the dose he would receive from natural
background radiation.

Included in the WIPP design are features that would reduce or mitigate the
potential environmental impacts of facility construction and operation. The
mitigation measures to be employed would reduce physical impacts during
construction and operation by controlling air, water, and noise pollution and
would restore the site to natural conditions after the facility is decommis-
sioned. Radiological impacts during operations would be reduced by design
features, such as high-efficiency particulate air (HEPA) filters, that would
limit the amount of radioactivity réleased to the environment. In addition,
potential radiological impacts would be mitigated by establishing detailed
operating procedures to decrease the probability of accidents, by developing
security measures to lessen the chances. of intentional destructive acts,
and by developing emergency procedures to reduce the effects of accidents. To
enhance long~term waste isolation, the WIPP design would include warning monu-
ments and the maintenance of records to aid in preserving knowledge of the
repository and to reduce the- probablllty of acc1dental 1ntrus1ons.

Alternative 3- . The preferred alternatlve--comblne the authorlzed WIPP activ-
ities with the first. avallable repos1tory for: hlgh—level waste

.,.

In thlS alternatlve, there is nouseparate defense—waste fac111ty. A
number of potential sites for a repository for both TRUAwaste and high-level
waste will be located, characterlzed, and evaluated The Los Medanos site may
be included in this evaluation; the SPDV program‘descrlbed for -alternative 2
would be compatible with the site-characterization studies. that would be
required to qualify this site for a combined TRU-waste and high-level-waste
repository. The other sites will be in a variety of host rocks such as bedded
salt, salt domes, basalt, granite, shale, and tuff. When four or five sites
have been found potentially suitable, one or more will be selected for
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development. This alternative is consistent with the program proposed by the
President and that described by the DOE in its statement of position on the
Nuclear Repository Commission's Proposed Rulemaking on the Storage and Dis-
posal of Nuclear Waste (DOE, 1980). Subsequent environmental impact state- -
ments are planned to support DOE decisions on reserving candidate sites for
possible selection in the high-level-waste repository program., The first
high-level-waste repository would be operational between 13997 and 2006.

This environmental impact statement discusses a conceptual repository in
salt and a conceptual repository in basalt; a repository in other media would
entail different impacts, which can be accurately predicted only after further
study of these media and the identification of specific sites. The delay
inherent in this alternative means that the Idaho TRU waste would remain
longer in its present storage, increasing by about 10% per year. Barring a
natural catastrophe, leaving it there for a short time would entail no sig--
nificant consequences. The environmental impacts of the SPDV program con-
ducted at the Los Medanos site would not be changed in this alternative from
those described for this activity under alternative 2 (see also Brausch et
al., 1980). :

At the high-level-waste repository, the land required may be increased by
not more than 6% with the addition of TRU waste, but combining TRU waste and -
high—leyel waste in one repository would decrease the overall land use by
about 15%. The quantity of mined rock would increase by 3% to 7% at the high-
level-waste site but remain basically unchanged overall., By including a TRU-
waste repository, the construction and operating costs at the high-level-waste
site would be increased by 8% to 25% and 15% to 30%, respectively, but de-
creased in comparison to the cost of separate repositories. The number of
workers at the high-level-waste site would increase by 27% to 35%, but would
decrease by 10% overall. '

Transportation routes vary depending on the site selected for the combined
repository. The consequences of individual accidents would remain essen-
tially the same. There is no reason to expect any change in the probabilities
-of operational accidents. '

Under alternative 3, the Los Medanos site could become a potential site
for a commercial~high-level-waste (HIW) repository that would include the
disposal of defense TRU waste. The characteristics of the Los Medanos site do
not appear to conflict with the draft criteria of the National Waste Terminal
Storage (NWTS) program for qualifying sites for the disposal of commercially
generated high-~level waste (ONWI, 1980). Moreover, although the analyses of
environmental impacts have focused on the use of the site for TRU waste,
interpretations of the results of these evaluations have not developed any
information that would eliminate the Los Medanos site as a potential site for
an HIW facility. However, before a decision to "bank" the Los Medanos site
under the NWTS program, an environmental impact statement would be prepared in
accordance with the National Environmental Policy Act strategy set forth in
the DOE's statement of position on the Nuclear Regulatory Commission's Pro~
posed Rulemaking (DOE, 1980).

In the long term, no release of radioactivity is expected from a reposi-
tory at any candidate site. The credible events or processes that might
impair the integrity of a repository would differ with the site, and analyses
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~of the consequences of such phenomena at potential sites have not generally
been performed. However, any potential site will be subjected to these
analyses.

Alternative 4: A defense-waste facility built after the consideration of
sites in addition to the Los Medanos site

This alternative is in essence alternative 2 delayed. The SPDV program
described for the authorized WIPP alternative (alternative 2) could aid in the
comparison of site adequacy intended under this alternative. During the
delay, the Idaho TRU waste would remain in its present storage, with no
significant consequences. The quantity of defense TRU waste stored at the-
surface would increase by about 10% per yvear.

The physical impacts of this alternative would be about the same as those
of alternative 2 with respect to land use, resources used, effluents, and
mined-rock disposal. If the repository were constructed in the salt domes
inland of the Gulf of Mexico or in the basalt at Hanford, the conflict with
mineral resources would potentially be reduced. However, the salt in domes is
‘itself a resource. The environmental impacts of the SPDV program at the Los
Medanos site would remain the same for this alternative as those described for
the authorized WIPP alternative (see also Brausch et al., 1980).

Because the transportation routes from Idaho would be longer to a salt-
dome repository, the probability of transportation accidents would be in-
creased; the reverse would be true of a basalt repository. The predicted
consequences of an accident and the radiation doses delivered to individual
persons during normal transportation would remain basically unchanged, because
the consequences are calculated under the assumption that the waste packaging
alone provides the relied on containment.

Individual radiation exposures during plant operation (under both normal
and postulated-accident conditions) would not be expected to change; popula-
tion exposures would be higher in the vicinity of salt-dome and basalt reposi-
tories because of higher population densities.

There would be no changes in the predicted long-term consequences of a
delayed TRU-waste repository if it were constructed at the Los Medanos site.

Although the actual construction and operating costs of a delayed TRU-
waste repository would not be expected to change drastically from those of
alternative 2 (if the costs are calculated in constant dollars), the overall
cost of alternative 4 would be significantly higher. These increased costs
would include the cost of storing increasing quantities of TRU waste. at the
Idaho National Engineering Laboratory and the cost. of closing out and restart-
ing the program. The cost of closing out the present effort is estimated to
be about $3 million; starting the project up again, either at the Los Medanos
site or elsewhere, could cost considerably more.,




1.5 CONCLUSIONS

The alternative of no action (alternative 1) is unacceptable in the long .

term because it leaves the TRU waste stored near the surface at the Idaho. : iii
National Engineering Laboratory, exposed to poss1b1e volcanic action or human
intrusion. - : e

The remaining three alternatives are predicted to have impacts.that are
small both in the short term during construction and operation and in.the more -
distant future, and none of them is.-so clearly superior environmentally to the
others that it can be selected on environmental grounds.alone; any of. these.
three alternatives can be carried out in a safe and environmentally acceptable
manner. If the SPDV program is conducted, its impact at the Los Medanos site-
would be the same regardless of which of these three alternatives is selected
for long-term waste disposal. : -

Alternative 3, the preferred alternative, is consistent with the compre-
hensive radioactive waste management program: proposed by the President. 1Its.~
predicted environmental impacts are generally small. It may deny access to-
some U.S. mineral resources, depending on.the site selected for the combined
repository. Combining TRU~ and high~level-waste repositories would use less
land than separate repositories. The first high-level-waste repository would
be available between 1997 and 2006.

_ Alternative 2, the authorized alternative, is consistent with authoriza-

. tion and appropriation acts. The impacts predicted for it are also generally
small. The use of the Los Medanos site in southeastern New Mexico would deny
access to 3% to 10% of the U.S. reserves of the mineral langbeinite for the
operating life of the repository and require strict controls on its extraction
thereafter. The WIPP facility would be operational in 1987.

The radiclogical consequences of extremely unlikely accidents during the
transportation of high-level waste could be severe, but they would be similar
regardless of when or where the repository is built, The probabilities and
the overall population doses would change depending on the location of the
repository, but the radiation doses received by the maximally exposed indi-
vidual would be the same. '

Alternative 4, though an environmentally feasible alternative, is consis-
tent neither with legislation nor with the President's program. Other than
additional delay in removal of the TRU waste from Idaho, its impacts would be
like those of alternative 2 if the Los Medanos site were selected after com-
parison with other sites.
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Qﬁ) This chapter presentsmlnfowmatlon helpful in understanding the rest of
this environmental 1mpactéstatement It begins by explaining the decisions
for which the statement grovides environmental information and by outlining in
general terms the contents of the statement (Section 2.1). Then Section 2.2
reviews the 1nvest1gat10ns that have led to the consideration of a particular
place, an area called Los Medanos, as the site for the WIPP facility. Then
Section 2.3 describes 1be particular kind of radiocactive waste that the
statement principally deals with.

i
i

i

2J 1 BRIEF INTRODUCTION TO THIS DOCUMENT

Since the early lﬂ!Os, the United States has been generating radioactive
waste in national deﬁénse programs, including the production of nuclear weap-
ons and the operation ;of military reactors. Because much of this radioactive
waste is hazardous enough to require isolation from the biosphere, it has been

~ stored on Government jreservations, either buried in trenches or held in spe-
cially designed intey im-storage areas. The U.S. Department of Energy (DOE) is
responsible for deveiloping and implementing methods for the safe and environ-
mentally acceptable disposal of this waste.

During the last}two decades, techniques for the disposal of radioactive
waste have been studied through exploration, laboratory experiments, field
tests, and analyse:s. Those efforts led the Energy Research and Development
Administration, the predecessor of the DOE, to propose that a repository for
defense waste, the: Waste Isolation Pilot Plant (WIPP), be built near Carlsbad,
New Mexico, in th¢«> area called Los Medanos. According to the fiscal year 1980
authorizing legis lation (PL 96-164), the WIPP is "for the express purpose of
providing a research and development facility to demonstrate the safe disposal
of radioactive wa stes resulting from the defense activities and programs of
the United States; exempted from regulation by the Nuclear Regulatory Com-
mission." The deisign of the WIPP, providing for the initially retrievable
disposal of defense transuranic (TRU) waste and for a research-and-development
facility for' defense—program high-level waste (HIW), is consistent with that
authorization. j v .

On February’ 12, 1980, President Carter sent a special message to the Con-
gress establ:shlng the natlon s first comprehensive program for the management
of rad10act1ve waste. This program is consistent with the broad consensus that
evolved from: the efforts of the Interagency Review Group (IRG) on Nuclear Waste
Management., *’ The President decided that all rep051tor1es for the permanent

[ .
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*The Inturagency Review Group on Nuclear Waste Management, established by
President Carter in March 1978, was made up of representatives of 14 govern-
ment agenciés. 1Its charter was to make recommendations on a national policy
Gi; for the management of radioactive waste and supporting programs (IRG, 1979).
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disposal of highly radioactive waste should be llcensod He directed the DOE
to expand and diversify its program of geologic, 1nvestlgat10n before selecting
a specific site for a repository. He decided that theWIPP project should be iii
" canceled and that defense and commercial waste should lotlh be placed in the
same repository. The full text of the President's messiage is in Appendix C.
In accordance with the Impoundment Control Act of 1974, on March 4, 1980,
President Carter sent to Congress a proposal to‘rescindﬂfmnds appropriated for
the WIPP. The proposal was not acted on by Congress; consequently the DOE is
required to continue project activities. Lo

This document examines and compares the impacts of four alternatives for
managing the TRU waste stored at the Idaho National Engingering Laboratory
(INEL). The preferred alternative, the disposal of the 11§U waste in the first
available HLW repository, is consistent with the President!'s proposed program.
The legislatively authorized alternative is to build an uniicensed demonstra-
tion repository for defense waste, according to a completai preliminary design,
at the Los Medanos site in southeastern New Mexico. &

k3
2.1.1 Decisions for Which This Environmental Impact Statem¢int Provides L
Environmental Input i

This environmental impact statement (EIS), prepared in acicordance with the
requirements of the National Environmental Policy Act (NEPA) of 1969, provides
environmental information for the following decisions:

1. What should be. the strategy for the long-term managemépt of the TRU
waste stored at the INEL? .

{

2. Should the TRU waste stored at the INEL be disposed of :in the first
available HIW repository or in a repository for TRU wasme only, such
as the authorized WIPP fa0111ty? 3

3. Should the WIPP facility at the Los Medanos site be con~tructed and
operated? :

4., 1f the WIPP facility is not to be constructed at the Los Medanos site,
should the site be retained to preserve the option of chairacterizing
it as a potential site for a combined TRU-HLW repository?|

If the answer to the fourth questlon is yes, additional NEPA documentatlon
will be prepared prior to decisions on the qualification of the Los ‘Medanos
site as a candidate for an HLW repository. The qualification of other sites,
site selection, and repository construction and operation will alsO require
NEPA documentation (DOE, 1980a).

1,
1,

2.1.2 Contents of This Environmental Impact Statement {

i
This document, the final environmental impact statement (FEIS) f?r the Gii
WIPP project, is a revision of the draft environmental impact stateme¢dnt (DEIS)
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.
published in April 1979. . It: &ncludes responses to comments received from the
public and from government agéncies, in writing and in a series of public
hearings, and has been modlfled to reflect changing policies and legislative
requirements. g

A

One difference between this| FEIS and the DEIS arises from the deletion of
an intermediate-scale facility i({ISF) from the WIPP project. 1In April 1979,
the DOE proposed to include an ﬁSF in the WIPP to be used for emplacing as
many as 1000 assemblies of spena fuel from commercial nuclear reactors. The
DOE also requested that the Nuclkar Regulatory Commission (NRC) be authorized
to license the proposed fac111t3r* The authorizing legislation for fiscal year
1980 (PL 96-164) does not 1nc1ude the ISF and directs the Secretary of Energy
to proceed with a project that 15\11m1ted to defense waste. The Congress also
declined to authorize the 11cens1pg of the facility, and the appropriation
legislation (PL 96-69) forbade an use of funds for licensing or activities
not connected with defense. The President's policy statement of February 12,
1980, also does not provide for &l Eeparate ISF. Consequently, inclusion of an
ISF is no longer considered to be: a reasonable alternative. Since the demon-
stration of spent-fuel disposal contrlbuted appreciably to the environmental
impacts predicted in the DEIS, axnmnber of changes were necessary.

Another difference is that the: @EIS combines the two alternatives in the
DEIS in which INEL TRU waste is disppsed of in the first available repository
for commercial high-level waste. 'The: only difference between these alterna-
tives was timing, and the timing of égpositories for commercial high-level
waste is considered in the draft gweneiric environmental impact statement (GEIS)
for the management of commercially gernerated radioactive waste (DOE, 1979).

A third difference is that the preﬁerred alternative has changed. 1In the
DEIS, the DOE expressed its preference ifor the construction of the WIPP re-
pository at Los Medanos; the DOE now perers to dispose of the TRU waste
stored at Idaho in the first available riepository for high-level waste. The
preferred alternative in this FEIS is coipsistent with the Presidential policy
summarized earlier in this section. ﬁ

ﬂ

The remainder of the changes from ther DEIS are updates of information and
analyses as well as responses to requests \for additional analyses and for the
clarification of particular points. The qﬁamments that resulted in the most
significant change were on the discussion (Jf alternatives to the WIPP project.
Chapter 3, "Development of Alternatives," ,1§ dedicated to this topic; it ex-
pands on the reasoning in Chapter 2 of the: DEIS that led to concentration on
deep geologic disposal and prov1des 1nforn|a€10n on how the specific alter-
natives were derlved i t

Structure ot
This document consists of two parts. The Qgirst part consists of chapters

2 through 4. It begins with a description of #he national program for the
management of radioactive waste and the WIP.P priuject (Chapter 2). Chapter 3

at the INEL. Chapter 4 analyzes the environment%ﬂ.impacts of these four al-
ternatives. b
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The second part of this document presentg. the{envirenmental impacts. of the
authorized alternative. It descrlbes the waste to be received at the WIPP
{Chapter 5); the methods and the env1ronmenta1 nmpacts of transportlng the
waste (Chapter 6); the environment of the Los Meqanos site in southeastern New
Mexico (Chapter 7); and the design of the facillty (Chapter 8). These data
are the basis for a detailed analys1s of the envhronmental impacts 1nduced by.
its construction and operation (Chapter 9). Because the WIPP is designed to
keep the waste isolated far into the future, Chzipter 9 discusses environmental
impacts both in the short term, during the operﬁt1ng life of the rep051tory,
and in the long term, for hundreds of thousands of years into the future.
Retrieval of waste from the INEL I

Among the actions covered by this docwment 1s the retrieval of the TRU
waste stored at the INEL for transport to, and’emplacement in,. a geologic
repository. ‘About 3.0 million cubic feet Qf'FRU waste is either currently
stored or is to be stored at the INEL through‘l990. This document describes -
how the retrleval of this waste would afﬁect the environment of the INEL and
analyses the impacts of transporting thisg wahfe to the Los Medanos site.

Wlthdrawal of land ' : f

If the preferred alternatlve is selecteld 'and the los Medanos site is not
used for the WIPP, the DOE will develop a qcx>perat1ve agreement with the Bu-
reau of Land Management (BLM) of the U.S. Depmrtment of the Interior to pre-
serve the optlon of characterizing the 31te ﬁor a possible HIW repository.
The land would be withdrawn permanently omly if the Los Medanos site were
actually selected for an HLW repOS1tory._ Site characterization studies would
be performed through a cooperative agreement with the BIM that would not

requlre land w1thdrawal i

i
3 )

If the WIPP is to be constructed asﬁauthorized, the transfer, through
legislation, to the DOE of about 17,200 acres of public lands currently con-
trolled by the Bureau would be necessar'y. With the addition of 1760 acres of
State lands, this acreage would compoqe the WIPP site in Eddy County, New
Mexico. Further site characterizatlon’ and validation studies would again be

" performed through the cooperative agrﬂaement with the BIM that would not re-
quire land withdrawal. One of the puirposes of this document is.to examine the
env1ronmental consequences of wrthdravn1ng these public lands.

v ‘

of prlnclpal concern under either: alternat1ve is the proposed use of pub-

lic lands for a radioactive-waste repﬁas1tory in light of the multiple-use goal

for the management of public lanﬁs., }Accordlngly, this document provides in-
formation on the current land mseszof the area, an inventory and evaluation of
the naturaI resources of these meis, and the changes that would result from
the authorized WIPP project. /

s

7
Site and preliminary-design valid%tﬂon

In accordance with the amf ,rlzrng leglslatlon, the DOE would proceed w1th
activities leading to the censx/:uctxon of the WIPP at the Los Medanos site in
southeastern New Mexico. &s p#mt oﬁ the continuing site- characterlzatlon

i

..,,.e .

/o f
J b
f

4
1
/
{

~

L

=



program, the DOE would construct two site-validation shafts at the site before
the construction of the full repository is begun and an in-situ experlmenta-
tion facility to verify engineering properties of the salt. This program is
referred to as the "site and preliminary-design validation" program, or the
SPDV program. Such a program would provide useful input to any future charac-
terization of a site for a repos1tory for commercial radioactive waste, if a
decision were made to do so at a later date.
4

This document specifically analyzes the environmental impacts of the SPDV
program; they are presented along with the more extensive impacts of construct-
ing and operating the complete facility. A technical report has also been
prepared for the DOE, detailing the analyses of the environmental impacts of
the SPDV program (Brausch et al., 1980). Even though the SPDV impacts are
smaller than the complete~facility impacts, they are analyzed separately in
order to show what the impacts would be if the SPDV program were conducted but
the complete facility were not built.. If the site-validation activities were
to disclose significant new information, this EIS would be supplemented, as
appropriate, before a decision to proceed with the construction of the WIPP
facility.

WIPP construction

This document describes the environmental impacts of constructing, op-
erating, and decommissioning the WIPP at' the Los Medanos site. It compares
these environmental impacts with those of possible alternatives. In order to
provide a comprehensive picture, it also analyzes the impacts of activities
required for the operation not only of the WIPP but of any repository (e.g.,
the impacts of waste transportation). Impacts of this kind are, or will be,
the subject of subsequent reports, such as the safety analysis report for
waste~transportation packagings.

2.2 WASTE—MANAGEMENT PROGRAMS LEADING TO THE CONSIDERATION
OF THE LOS MEDANOS SITE

The Los Medanos site mentioned in Section 2.1 is the site for the action
that would take place under the authorized alternative analyzed in this state-
ment. It is described extensively in the second major part of the statement,
This section reviews the investigations that led to the selection of Los Med-
anos as the place where the authorized alternative might be carried out.

2.2.1 Early History of Waste-Management Programsa

In 1955, the U.S. Atomic Energy Commission- (AEC) asked a committee of the
National Academy of Sciences to examine the issue’ of permanent disposal of
radioactive waste. They concluded (NAS-NRC, 1957) qhat "the most promising
method of disposal of high-level waste at the preseﬁ} time seems to be in salt
deposits.” They recommended salt for further evaluation because of its

§




thermal and physical properties and because its very existence for hundreds of

millions of years has demonstrated its isolation from circulating groundwater - -
and the stability of the geologic formations in 'which it is located. This ,
recommendation led the AEC to sponsor several 'years of research' (1957-1961) at-
the Oak Ridge National Laboratory (ORNL) on phenomena a53001ated with the
disposal of radioactive waste in salt. .

In 1962, Pierce and Rich (1962) reported on salt deposits in thevUnited"
States that might be suitable for the disposal of radioactive waste.' The
Permian basin, which includes the Delaware basin in eastern New Mexico and
large areas in Kansas, West Texas, and Oklahoma, was one of the areas dis- -
cussed (Figure 2-1). '

In 1963, the ORNL research was expanded to include a- large-scale field
program in which simulated waste (irradiated fuel elements), supplemented by ' -
electric heaters, was placed in Permian-basin salt beds for observation. This
exper iment, called Project Salt Vault (Bradshaw and McClain, 1971), was con-
ducted in an already existing salt mine at Lyons, Kansas, from 1963 to 1967.
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Figure 2-1. Map of rock-sait deposits in the United States.
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In June 1970, the Lyons site was selected by the AEC as a potential lo-
cation for a radioactive-waste repository; the selection, however, was con-
ditional on the satisfactory resolution of site-specific issues under study.
The concept and location were conditionally endorsed by the National Academy
of Sciences committee in November 1970. A conceptual design for a repository
accommodating both high-level waste and TRU waste was completed in 1971. 1In
1972, however, the Lyons site was judged unacceptable for technical reasons:
there were previously undiscovered drill holes nearby, and water used in
nearby solution mines could not be: traced. Accordingly, the decision was made
to abandon that site. The rejection of the Lyons site led the AEC, with the
assistance of the U.S. Geological Survey (USGS), to seek sites elsewhere in
the United States.

2.2.2 The Site-Selection Process

The site-selection process applied to the WIPP project can be thought of
as a set of information screens (Table 2-1) proceeding from general ideas to
specific details, from large areas of the country to small, well-defined ones,
and from surveys of the literature to measurements in the field. This in-
formation screening involves a progressively more stringent application of
site-selection criteria and occurs in several stages.

Stage 1 involves general information gathering to select geologic media
and geographic regions. The application of general criteria at this level of
knowledge leads quickly to a few regions that warrant further investigation.

Stage 2 is a careful study of the literature to narrow down the remaining
regions and to identify promising sites according to site~selection criteria.
Each candidate site thus chosen becomes the focal point for detailed engineer-
ing, safety, and environmental evaluations.

Stage 3 includes extensive field studies at the candidate sites: detailed
investigations of geologic structure and stratigraphy, hydrologic character-
istics, and resources present; an archaeological and historic site survey;
demographic and biological studies; and the operation of a meteorological
station. At this stage of the sScreening process the site-selection criteria
may be refined or amended. It is possible that these detailed studies will
reveal some aspects of the sites that are less than ideal, but it is not
necessary that a site be ideal with réspect to all selection factors.

However, a site may be reJected at th1s stage- if this occurs, the process
reverts to stage 2. S ‘

Stage 4 is the detailed site analysis, including radiation-safety and
environmental-impact analyses. The bas1c ‘question, acceptability of the can-
didate sites, can be answered only after -taking' account of the full repository
system: the specific geologic’ env1ronment, the waste form, the plant design,
and potential failure modes. The 1mportance of analyzing the full system must
be emphasized because the medium selected (e.g., salt, shale, granite) is only
one component of the system. The analysis of the sites evaluates their ability
to isolate the waste for as long as it presents an unacceptable hazard. If a
candidate site is acceptable, the selection process is completed, znd the site
may be used immediately or held for future use; if not, the proces: may be




started over again. This four-stage process has been used since 1972 in the
search for acceptable sites. @

This site-selection process followed in the WIPP project has many char-
acteristics of the process used in the National Waste Terminal Storage (NWTS)
program for commercial high-level wastes. In the NWTS program, candidate
sites are selected by a systematic process that includes three phases: (1)
site exploration, characterization, and banking; (2) detailed site character-
ization; and (3) site selection. The various activities included in these
phases are described in the DOE's statement of position on the Nuclear Reg-
ulatory Commission's Proposed Rulemaking on the Storage and Disposal of Nu-
clear Waste (DOE, 1980a). If the Los Medanos site is included in the NWTS
program, site-characterization activities will continue with the possibility
of banking it for future consideration.

Table 2-1. Site Selection as a Screening Process

Stage Function Action Decision
1 General information Select disposal media; Select one (or
define geographic regions more) regions
where they occur; consider for further study

their characteristics in
terms of tentative selec-
tion criteria

2 Regional studies Identify potential study . Select most prom-
: areas and apply selection ising study areas
criteria and candidate
sites for fur-
ther study
3 Site studies Conduct detailed field Proceed to step 4
studies to characterize or reject sites
candidate site(s); deter- and select alter-
mine in detail how each native candidate
site meets the selection site or sites

criteria; identify site
factors that are less

\ than ideal
4 Site analysis Analyze site-specific char- Accept or reject
acteristics and environ- each site

mental impacts; determine
risks of using each site




2.2,3 History of Site Selection Leading to the Los Medanos Site

Stage 1 of the process

In 1973, the Atomic Energy Commission, the Oak Ridge National Laboratory,
and the U.S. Geological Survey began seeking repository sites. As described
in Section 2.2.2, the first task in stage 1 of the selection process is to
choose disposal media; the search in 1973 was directed primarily toward sites
in salt, although shale and limestone sites were also considered (ORNL, 1972).

The tentative selection criteria (ORNL, 1973) used in the second task of
stage 1, evaluating the regions where salt occurs, were as follows:

Depth of salt 1000-2500 feet

Thickness of salt At least 200 feet

Lateral extent of salt ~ Sufficient to protect against
dissolution

Tectonics . Low historical seismicity,

no salt-flow structures near

Hydrology ' ‘Minimal groundwater
Mineral potential Minimal
BExisting boreholes Minimum number
Population density Low
. Land availability Fe@eral land preferable

These criteria are mostly geologic and logistic; they are primarily con-
cerned with radiation safety, mine safety, and ease of construction. The
criterion of minimal groundwater recognizes that, as a barrier to the release
of radioactivity, an inefficient hydrologic transport system is second in
importance only to the salt itself. The criteria for the thickness . of salt,
the lateral extent of salt, and the number of boreholes are to protect the
repository from dissolution. The criterion of low population dens1ty and the
preference for Federal lands. minimize the potentlal for risks to human pop-
ulations and for land-use conflicts. . .

During this search, criteria were added to require that there be no deep
boreholes within 2 miles and. that the available land. area include 3 square
miles and a 2-mile-wide buffer .zZone as. well . Bedded—salt regions appeared at
the time to be the most promising, however, salt domes and anticlines (upward
folds) were also considered.

The U.S. Geological Survey (and. the Kansas Geological Survey for that
State) gathered information about most of the larger rock-salt deposits shown
in Figure 2~-1 (Barnes, 1974). Four of them remain potential alternatives for
waste disposal in salt and are being evaluated by the NWTS program for the
disposal of commercial waste. These four are the Gulf interior salt-dome
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region'(Apbehdix B.7; Bechtel, 1978a); the'Paradox basin (Appendix B.6; ‘Bech- -
tel, 1978b); the Salina region (Appendix B.5; NUS, 1979a); and the Texas por-
tion of the Permian basin (Appendix B.4; NUS, 1979b).

Stage 2 of the process

From the bedded-salt regions surveyed in stage 1, the U.S. Geological
Survey and the Oak Ridge National Laboratory selected eastern New Mexico as
the area in the United States best satisfying their site-selection guidelines.
This area is well known geologically and is the part of the Permian basin with
the flattest bedding at reasonable depths outside of Kansas. In some parts of
the Permian basin, there has been much deep drilling for oil and gas; the
ch01ce of eastern New' Mex1co max1m1zed the opportunlty to av01d dr111 holes.

Three locations in New Mexico were examined in more deta11- the Carlsbad
potash area (Brokaw et al., 1972), the Clovis-Portales area (Jones, l974a),
and the Mescalero Plains of Chaves County (Jones, 1974b). The survey narrowed
the search to the Carlsbad potash area. ‘The Clovis-Portales area was deter-
mined to be inadequate because the shallow salt is very clayey and the purer
salt is too deep. In the Mescalero Plains area, where the salt depth is ad-
equate, there is extensive oil-field development The Delaware basin (Jones
et al., 1973) was considered the most des;rable portion of the Carlsbad potash
area. Other areas outside it had nonuniform bedding, water-—-bearing rocks
under the Salado Formation (the principal salt-bearing formation), and ex-
tensive oil and gas fields. Accordingly, a site in the Carlsbad potash area
in the northern part of the Delaware basin was chosen for exploratory work.

One of the more restrictive site-selection criteria, adopted primarily because
of the Lyons experience, proved to be the avoidance of drill holes penetrating
through the salt within 2 miles of the repository border. This criterion
caused the potential site to be shifted twice as new oil or gas wells were
drilled nearby. The eventual site selected by the Oak Ridge National Lab-
oratory for further study was on the Eddy—Lea County line, about 30 miles east
of Carlsbad : :

St;ge 3 of the process ’

Fleld 1nvest1gatlons begun in 1974 were halted when the AEC shlfted em-
positories, for high-level waste. In 1975, the successor of the AEC, the
Energy Research and Development Adm1n1strat10n (ERDA) , restarted the program
in the Delaware basin. ' The program was reoriented toward a mined repository
for the disposal of TRU waste with a research-and-development capability for
exper imentation with high-level waste in salt.

The first task was to confirm the adéquacy of the then-current site area.
Additional drilling and geophysical investigation produced unexpected results:
rock strata were much higher than expected; beds showed severe distortion,
with dips of up to 75 degrees; sections of the upper Castile Formation (the
formation below the Salado Formation) were missing, and fractured Castile
anhydrite encountered at a depth of 2710 feet contained a pocket of pres-
surized brine. - The geologic structure appeared to be unpredictable because of
the nearness of this'site to the Capitan reef, a major aquifer in the'region.
The structure could have been delineated by drilling, but extensive drilling
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 would have been contrary to the principle of minimizing the number of holes
drilled into the repository. That site was given up.

In late 1975, the New Mexico portion of the Deleware basin was reexamined
by the U.S. Geological Survey and the ERDA. The criteria used in looking for
a new location were the following (Griswold, 1977):

1. .

4.

6.

The site should be at least 6 miles from the Capitan reef. This cri-
terion was added as.a result of the earlier experience. It serves
also to avoid any possible dissolution hazard related to the nearness
of the reef.

The central 3 square miles designated for the repository itself should
not be in the Known Potash District, and as little as possible of the
surrounding buffer zone should be in the district. This criterion was

- to avoid conflict with mineral resources. As indicated in Section

7.3.7, later exploration disclosed that the potash resources are more
extensive than was thought at the time.

No part of the central area should be less than a mile away from holes

. drilled through the Castile Formation into underlying rocks. This

distance was reduced from the earlier 2-mile criterion as a result of

analysis based on the work of Snow and Chang (1975), which indicated

that dissolution by water flowing through an inadequately plugged
borehole through the Salado Formation would not travel a mile in less
than 250,000 years. :

Known oil and gas trends should be avoided. This criterion was to
avoid conflict with these resources.

The nearest dissolution front should be at least 1 mile from the site.
(The nearest one to the Los Medanos site is the Nash Draw dissolution
front. It is at the top of the Salado Formation, 1220 feet above the
planned repository level; there is probably another dissolution front
near San Simon Sink. The former front is advancing at a rate of 6 to
8 miles per million years horlzontally and 500 feet per million years
vertlcally ) . ‘ -

Bedding should be nearly flat, so far as can be determined by surface .
geophysical investigations. This criterion was to insure mine safety
and to ease constructlon.\ It also avoids the need for many explora-
tory holes with a consequent rlsk to the integrity. of the repository.

Salt of high purlty should be avallable at depths between 1000 and
3000 feet. The depth requirements are to 1nsure mine safety and to
ease construction. - In addition, a salt thickness of 200 feet or more
is preferred to confine thermal and- mechan1ca1 effects to the salt.

The use of State and prlvate land should be mlnlmlzed, especially in
the central area. There is no way to avoid State land completely,
because 4 square miles out of every 36-square-mile township in New
Mexico are State land. The avoidance of private land simplifies land
acquisition and makes it unnecessary to relocate people.
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Figure 2-2 shows some of these criteria applied to the Delaware basin. The
criteria shown are the first, second, third, and fifth criteria; the remainder -
do not lend themselves to a graphical presentation on this scale. The most iii
restrictive criterion is the third, which calls for a distance of at least
1 mile from deep drill holes. Eight small areas in the basin that mieet this
criterion are shown; areas 1 and 8 are actually parts of one very large area,
but they have been split in two for this discussion. Table 2-2 applies the
eight criteria to these eight areas and adds information about the distance
to, and the size of, the nearest town.

Three areas survived the screening based on the eight criteria, although
not without questions about each of the areas. Such questions do not neces-
sarily rule out an area; a site need not meet every criterion, Instead, as a
recent national review group puts it, "most site suitability criteria will
need to be rather general because the systems view dictates that the overall,
cunmulative effects of the geologic environment and its interaction with the
waste is more important than any partlcular characteristic of a site" (IRG
Subgroup, 1978, p. 78).

Of the five areas that did not survive the screening, four were too close
to the Capitan reef front; one, area 8, was largely within the Known Potash
-District; two were near known oil fields; four were probably too near the
dissolution front that must be around San Simon: Sink; three did not have flat
enough bedding; three were nearly too deep or too lacking in infra-Cowden salt
. or both; and four would involve private land. (Infra-Cowden salt, which lies
: near the base of the Salado Formation, is the purest salt of the formation.

It is still not clear, however, how important the salt-purity criterion is.)

Conditions peculiar to area 3 eliminated it from further consideration.
It was the smallest of the surviving areas. It was almost, but not quite,
excluded by criterion 1. Most important, it is near three deep holes (shown
by the black triangle in Figure 2-2) that had been drilled while exploring for
0il and gas. They were described as having had brine flows that were in turn
described as "strong,” 20,000 barrels per day, and 36,000 barrels per -day. By
comparison, the brine pocket intercepted by drill hole ERDA-6 flowed at the
rate of only 660 barrels per day. These three holes would be in the buffer
zone if area 3 were to be selected. : ' :

Thus two areas remained. Between the two, area 1 was then and remains
today preferred over area 2 because it satisfied the criteria better than did
area 2. In area 2, the salt is deeper than in area 1l; mining would be more
difficult, and mine safety would be harder to insure. There is no infra-Cowden
salt in area 2. Area 2 is next to two shallow oil fields in which water flood-
ing may eventually be used. Seismic activity on the Central Basin platform 25
to 65 miles to the east is believed to be the result of such flooding (Section
7.3.6), and i%§ would be well to avoid this possibility. However, the Delaware
basin is quite stable tectonically in comparison with the Central Basin plat-
form and less likely to be subject to induced seismic activity. 1In area 1, on
the other hand, the remaining questions either do not affect the integrity of
the repository or are found to be insignificant.

Area 1 met the second criterion imperfectly; interference with possible
future potash mining remains. When the sites were being screened, it appeared ‘ii
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Table 2-2. Application of Site-Selection Criteria to Eight Areas in the Delaware Basin
Criterion Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 Area 8

1. At least 6 miles 6-10 miles 11-15 miles 5-8 miles 6-8 miles 0-8 miles 0-4 miles 2-9 miles 0-6 miles
from Capitan reef .

2. Site proper not {a) No overlap No overlap No overlap No overlap No overlap No overlap Half of
in Known Potash . area in
District (KPD) KPD

3. Deep drill holes Area chosen Same Same Same Same Same Same Same
at least 1 to meet this
mile away criterion

4. Avoid known oil (b) Near several Monocline near None known near None known Near Arena Roja WNone known

and gas anti-
clines

5. At least 1 mile
from nearest dis-
solution front

6. Flat bhedding,
less than 2°
dip

7. Good salt 200 ft
thick between
1000~ and 3000-ft
depths

8. Minimize use of
State and private
land

9. Nearest town
Population
Distance

Criteria in conflict

(c)

Less than 1°

Salado 860-2836
ft; infra-Cowden
290 £t

Area chosen has
no private land,
2.7 sq mi State
land

Loving
1100
18 miles

2?2, 42, 52

"

Over 5 miles from

Nash Draw front

Less than 1/2°

Salado 1500~
3400 ft; infra-
Cowden missing

No private iand,
small amount
State land

Malaga
300
22 miles

42, 7

‘3350 ft,

Red Tank Field

Over 8 miles from
Nash Draw front

Less than 1/2°

Salado 1350-
infra-
Cowden 225 ft

No private land
small amount
State land

Malaga
300
24 miles

12, 42

Near Cruz Field

Probably near
San Simon Sink
front

About 2°

Salado 1850~
3850 ft, infra-
Cowden 200-300
£t

Mostly State
land, 0.4 sg
mi private

Runice
2500
24 miles

1, 4, 52, 6, 8

Probably near

" San Simon Sink

front

Flat

Salado 2100-
4100 ft, infra-
Cowden missing

Over half
private land

Jal
2700
12 miles

52, 7, 8

near

Probably near
San Simon Sink
front

Over 2°

Salado 1900-
3900 ft, infra-
Cowden thin
(100-150 ft)

About half
private land,
some State
land

Jal
2700
10 miles

i, 52, 6, 7, 8

Field

May be near
San Simon Sink
front

Varies, 0-1.2°

Salado 1800~
3800 ft, infra-
Cowden missing

Criterion not
examined

. Jal

2700
12 miles

1, 4, 52, 7

near

Over 1 mile
from Nash
Draw front

Over 2°,
and drill-
ing proved
unaccept-
able

Salado
800~2900
ft,
folded
infra-
Cowden
300 £t

Some
private
land,
several
square
miles
State
land

23 miles

1, 22, 6,
8

Aarea chosen had part of buffer zone in KPD, rest free,

bgynclinal area next to a producing gas well.
CNash Draw front overlaps part of area.
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that a site (the Los Medanos site) could be chosen in which the central area
would be outside the Known Potash District and that the site would be in min-
imal interference with potash minerals. However, information from potash
exploratory holes the DOE has drilled since then has caused an enlargement of
the Known Potash District to include most of the Los Medanos site. Control
zone I remains largely free of indicated potash mineralization. Thus area 1
remains in conflict with the second criterion. Although this criterion does
not affect repository integrity per se, the existence of mineral deposits
might attract drilling after control over the site has been lost in a few
hundreds of years.

In determining how well area 1 satisfies the fourth criterion, avoiding
known o0il and gas resources, subsequent analysis has shown that there are no
0il reserves under the Los Medanos site. There are some gas reserves, a small
fraction (0.02%) of the U.S. reserves, under the site, but a major portion of
this gas can be withdrawn from outside the site or from within control zone IV.

Area 1 satisfies the fifth criterion, the one concerned with the nearness
of the Nash Draw dissolution front. There are 1200 feet of salt over the
repository level; given a vertical dissolution rate of 500 feet per million
years, this thickness would provide an isolation time of 2.4 million years.

Thus area 1 became the Los Medanos site. Since 1975, the ERDA and its
successor, the DOE, have sponsored continuing and intensive studies there; the
results to late 1978 are reported in the Geological Characterization Report
(Powers et al., 1978) and together with more recent information are summarized
in Chapter 7 of this document and in the WIPP Safety Analysis Report (DOE,
1980b). These studies constituted a principal part of the stage 4 analysis.
This environmental impact statement is also a major part of stage 4.

2.2.4 The Continuing Program of Characterizing Sites for HLW Repositories

Along with the investigations in the Delaware basin, the ERDA continued
its site-characterization program for mined repositories for the disposal of
commercially generated high-level waste. The current NWTS program is consid-
ering a wide variety of media in d1verse regions ‘of the country in addition to
bedded salt for hlgh—level commer ¢ial waste (Appendlces A and B).

Rocks, other than bedded salt, that are- being studied are crystalline
rocks (basalt and granite), arglllaceous rocks (shale) , and tuff. Rock salt
has received most of the’ attention in- waste—dlsposal studies over the past two
decades; hence a great deal more is known on the propertles of salt than on
the properties of the other rocks.

No intrinsic environmental or safety—related problems have been identified
that would clearly preclude the use of any of these media for a repository.
On the contrary, it appears that problems associated with these media could be
solved by judicious site selection, by engineering design using state-of-the-
art technology, or by both methods. At the present, however, the investiga-
tions of nonsalt media are not as advanced as the studies of salt.
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2.3 DEFENSE TRANSURANIC WASTE

The element common to all the action alternatives formulated in Chapter 3 Qii
is the disposal of transuranic (TRU) waste generated in U.S. defense programs
and currently in storage at the INEL. This section explains what transuranic
waste is, where it comes from, and how much of it is in storage.

The U.S. defense program has already generated large quantities of contact-
handled TRU waste, which requires no shielding. Smaller quantities of remotely
handled TRU waste, which requires shielding to protect the workers who handle
it, have also been generated. Transuranic waste is any solid radioactive
waste, other than high-level waste, that is contaminated with nuclides heavier
than uranium to the extent that it is not suitable for surface disposal. It
results from almost every industrial process involving transuranic materials,
but predominantly from the fabrication of plutonium for nuclear weapons. It
would be produced in spent-fuel reprocessing and mixed-oxide-fuel fabrication
for recycling to nuclear reactors; these processes, however, are not currently
in commercial use in the United States.

Transuranic waste exists in a wide variety of physical forms, ranging from
unprocessed general trash (e.g., absorbent papers, protective clothing, plas-
tics, rubber, wood, and ion-exchange resins) to decommissioned tools and glove

- boxes.

The major producers of defense TRU waste have been the Rocky Flats Plant
near Denver, the Hanford complex of facilities near Richland, Washington, and
the lLos Alamos National Scientific Laboratory in northern New Mexico. Smaller
producers include the Mound Facility near Miamisburg, Ohio, the Savannah River
Plant near Aiken, South Carolina, the Argonne National Laboratory near Chi-
cago, the Oak Ridge National Laboratory in Tennessee, and the Lawrence Liver-
more National Laboratory in Livermore, California. Most of this readily re-
coverable waste has been stored at the Idaho National Engineering Laboratory
near Idaho Falls and at Hanford (Table 2-3). Smaller inventories are stored
at the Pantex Works at Amarillo, Texas, and at the Nevada Test Site.

Table 2-3 distinguishes between TRU waste that is buried and TRU waste
that is stored. The buried waste is more difficult to retrieve than the stored
waste, The buried waste was emplaced before 1970, when waste containing TRU
nuclides was not segregated from other waste contaminated with low levels of
radicactivity. Therefore, a largé volume of material now considered contact-
handled TRU waste was buried in a manner similar to conventional sanitary-
landfill operations, with additional handling precautions appropriate for
radioactive materials. The waste was placed in open unlined trenches and then
covered with several feet.of earth. At the time of its burial, this waste was
not intended to be retrieved.

In 1970,‘the Atomic Energy Commission adopted a policy requiring that waste
containing TRU nuclides producing more than 10 nanocuries of alpha activity per
gram be packaged and stored separately from other radiocactive waste. This
waste is now stored in such a way that it "can be readily retrieved in an in-
tact, contamination-free condition for 20 years" (ERDA Manual, Chapter 0511).
It is stacked on pads of concrete or asphalt and covered, usually with sheets
of plastic and a shallow layer of earth. This stored waste is the waste refer- ‘;D
" red to in the decisions listed in Section 2.1.1.
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Table 2~3. TRU Waste at DOE Storage Sites@

Volume (thousands of cubic feet)

Buried CH waste--stored RH waste--stored
Siteb 10/1/77 10/1/86 10/1/77 10/1/86 10/1/77 10/1/86
LASL 580 580 54 249 0 9
Pantex 1l 1 0 0 0] 0
ORNL 215 222 10 32 27 52
Hanford 5483 5483 247 855 3 8
INEL 2102 2102€ 1202 2376 (d) 20
NTS 0 0 6 39 0 0
SRP 1085 1085 56 109 0 0
Total 9466 9473 1575 3664 .30 89

3pata from Dieckhoner (1978 and private communication, 1978). See
also Appendix E of this document.

bKey: LASL, Los Alamos National Scientific Laboratory, New Mexico;
Pantex, Pantex Works, Amarillo, Texas; ORNL, Oak Ridge National Laboratory,
Tennessee; Hanford, Hanford Site, Richland, Washington; INEL, Idaho Na-
tional Engineering Laboratory; NTS, Nevada Test Site; SRP, Savannah River
Plant, South Carolina.

Cit is estimated that experlmental retrieval programs will reduce
this volume to 2 million cubic feet by 1985. However, if all of INEL's
buried TRU waste is retrieved for shipment to a Federal repository, the
total volume recovered will be 6.25 million cubic feet, including 3.75
million cubic feet of contaminated soil and 500,000 cubic feet of low-level
beta- and gamma-emitting waste that is intermixed with TRU waste. If this
waste is treated by slagging-pyrolysis incineration, the total volume of
waste shipped to the repository will be on the order of 2.4 million cubic
feet (the overall volume-reduction ratio in the incineration process is
estimated to be 2.6:1). (This 2.4 million cubic feet is not included in-
the total of 6.2 million cubic feet for which the WIPP is designed.)

da very small amount (300 cubic feet).

Remotely handled TRU waste has always ‘been handled separately. Much of it
has been put into 1- to 2-foot-diameter pipes placed vertically in the ground,
with a shielding plug at the top of each plpe (Bartlett et al., 1976, Chap-
ter 20). - oo .

The radionuclide content of TRU waste varies widely. Weapons-oriented
plants like Rocky Flats produce waste in which plutonium-239 is the dominant
TRU nuclide; waste from the Mound Facility is high in plutonium-238; and some
waste from the Oak Ridge National Laboratory -contains. curium-244. On a volume
basis, weapons waste is by far the: most important component of the total TRU-
waste inventory; the Rocky Flats. Plant alone produces 40% of all DOE TRU
waste., For this reason, Rocky Flats waste ‘is taken in this document as re-
presentative of all DOE contact-handled TRU waste. The characteristics of
such TRU waste are described in Chapter 5 and Appendix E (Tables E-1, E-2).
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There are virtually no fission products in defense contact-handled TRU

waste, and its heat output is essentially zero. @
At the end of 1977, the accumulated volume of TRU waste- amounted to 11

million cubic feet of material, only l ,6 million cubic feet of which is read-

1ly retrievable. By the end of 1986, this volume is projected to become 13

million cubic feet, including 3.7 million cubic’ feet retrievably stored (Table

2-3). The estimated quantity of transuranic nuclides stored at .the var ious

DOE sites at the end of 1977 is presented in Table 2-4. About 30,000 cubic

feet of remotely handled TRU waste from defense programs is now in-storage;

this volume is: expected to grow to about 89,000 cubic feet by 1986. The rate

at which contact-handled TRU waste is produced 1s about 0.25 million cubic

feet per year (DOE, 1978, pp. 43, 121).

This EIS analyzes the alternatives for dlsp051ng of the readlly retrlev—
able waste expected to be stored in Idaho through 1990. This waste includes’
the 2.4 million cubic feet shown in Table 2-3 for:1986 plus an additional two-
thirds of the 0.25 million cubic feet generated’anhually between 1986 and :
1990. 1In addition, the WIPP would be designed to accommodate all defense TRU
waste generated between 1990 and 2003.

Table 2-4. Transuranic Content of DOE TRU Waste
(Estimates as of October 1, 1977)8

! Buried waste Stored waste
siteb (kg of TRU) (kg of TRU)
LASL 13 27
Pantex 0 0
ORNL 13 17 .
Hanford 365 ' . 18
. INEL : 361 . 273
NTS . (). ‘ 3
SRP | _1 52
Total 759 . 450

apata from Dieckhoner (1977).
bgee Table 2-3 for key to abbreviations.
CA very small amount. »

This document does not analyze alternatives for the disposal of the TRU
waste .stored retrievably at sites other than the INEL or for the disposal of
the TRU waste now buried at the INEL and other DOE sites. Other documents
will analyze alternatives for these actions.. - -
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3 Development of Alternatives

The preceding chapter reports the existence of large quantities of
transuranic (TRU) radioactive waste generated in national defense programs.
It points out the need for taking action to dispose of this waste permanently
and to develop disposal methods for other kinds of waste generated in the
defense programs. This chapter summarizes the alternative actions evaluated
in this environmental impact statement.

L3

Section 3.1 defines the alternative of taking no action to remove the

defense TRU waste stored at the Idaho National Engineering Laboratory (INEL).

The chapter then discusses the formulation of other alternatives by re-
viewing the availability of disposal methods and the selection of disposal
sites. Section 3.2 discusses various methods that have been proposed for the
disposal of radioactive waste. One of these methods is the use of mined
geologic repositories; it is described more fully in Sections 3.3 and 3.4,
which discuss alternative geologic media (salt, igneous and volcanic rocks,
and argillaceous rocks) and alternative sites in salt, the medium that has
been studied most extensively. The status of site selection in the national
waste-management program is summarized in Section 3.5.

Finally, Section 3.6 develops the three action alternatives evaluated in
this document.

3.1 THE ALTERNATIVE OF NO ACTION

If no action is taken to remove the TRU waste from the INEL, the waste
will be held there for an indeterminate period; waste will continue to be
shipped there and held in storage throughout the same indeterminate period.
There are three options for this retention: (1) to hold the waste in its pres-
ent retrievable storage, (2) to place the waste in improved storage at the
INEL, and (3) to dispose of the waste permanently on the land occupied by the
INEL. o

Chapter 4, drawing on an analysis in Appendix N, summarizes the environ-
mental impacts of the first two of these options. Neither of them is accept-
able as a long-term method of dealing with the waste. Although the analysis
finds no environmental reasons that TRU waste cannot be left at the INEL for
several decades or even a century, the present storage methods do not protect
the waste from future volcanic activity or from human intrusion after
government control over tue site has been lost.

The third option, disposing of the waste at the INEL, is also unaccept-
able: there is no suitable geologic environment. The INEL is on the Snake
River Plain, underlain by a series of Pleistocene basaltic lava flows inter-
spersed with beds of unconsolidated sediments. The hydrologic system of the
Snake River Plain is dominated by the Snake River aquifer, which is approx-
imately 200 miles long and 30 to 60 miles wide. The permeability of the aqui-
fer is large in the upper and lower basaltic flows, which are characterized by
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voids, fissures, and other fracture networks. The top -of -the-aquifer is 200
to 900 feet below the surface; the thickness of the aquifer is not known pre-
cisely, but estimates range from 1000 to 2700 feet. This hydrologic system
precludes any attempt to construct a geologic repository in or above it or to
drill through it to underlying rocks.

The only part of the INEL that is not located over the aquifer is the Lemhi
Range on the north edge of the reservation, This area is not considered a
promising site for the permanent disposal of radioactive waste. The rocks are
mostly limestone of unknown hydrologic characteristics, existing minesin the

region are troubled by groundwater, and hydrologic connectlons with the 8
aqulfer are suspected.

In summary, none of the options for leaving the TRU waste at the INEL is
acceptable. For this reason, all the action alternatives evaluated in this
document include a demonstration of the permanent disposal of this waste.

3.2 ALTERNATIVE DISPOSAL METHODS

A number of alternative methods for the disposal of radioactive waste have
been proposed, and a great deal of information is available on this subject.
Although the emphasis is usually on high-level waste (Schneider and Platt,
1974; Pittman, 1974), the most recently published surveys also address low-
level and intermediate-level wastes generated in commercial reactors (Bartlett
et al., 1976; Hebel et al., 1978). Much of the material on commercial waste
is summarized in the draft generic environmental impact statement on the man-
agement of commercially generated radioactive waste (DOE, 1979) and the DOE's
statement of position for the Nuclear Regulatory Commission®s Proposed Rule-
mak1ng on the Storage and Disposal of Nuclear Waste (DOE, 1980).

Because of their long-lasting radioactivity, high-level waste and TRU
waste raise similar concerns about long-term isolation. 1In'terms of safety -
during disposal operations, they differ in that high-level waste is more dif-
ficult to handle since it requires radiation shielding. The major difference
between the two types of waste, hoﬁever, is in their volumes and hence in the
methods that may be feasible for their disposal. Methods that could be eco-
nomically feasible for the small volumes of high-level waste may be impracti- .
cal for the large volumes of the less radioactive TRU waste.

Five candidate methods for the disposal of defense TRU waste are reviewed
in this section: emplacement in deep ocean sediments, emplacement in very deep -
drill holes, transmutation, ejection into space; and disposal in convention-
ally mined geologic repositories. Except for geologic disposal, none of these
methods have been shown to be technically or economically feasible, and a
decade or more of research will be needed before any demonstration of their

feasibility can begin. The time at which the different optlons would be avail-

able varies considerably:

) The technology for disposal in conventionally mlned geologlc rep051—
tories is available now.
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® The development of the technology for disposal in deep ocean sediments
or in very deep drill holes would take 12 to 25 years (DOE, 1979, pp.
3.3.34 and 3.6.27). :

® The development of the technology for transmutation or ejection into
space is even more distant (DOE, 1979, p. 4.11).

3.2.1 Emplacement in Deep Ocean Sediments

Isolation in deep seabeds would involve implanting canisters of radio-
active waste tens of meters into deep ocean sediments by free-fall penetration
or other techniques. It is possible to find sediments that are thick, uni-
form, and stable; that have accumulated over millions of years; and that are
in the process of becoming sedimentary rocks. The concept of subseabed dis-
posal is still in the evaluation stage, and its feasibility has yet to be
established, although the transportation and the means of emplacement appear
to be achievable with straight forward extensions of existing technology.

The remaining uncertainties pertain to the breaching of waste containers
and the subsequent migration of radionuclides in ocean sediments. The re-
trieval of waste appears to be impractical for this disposal method. Moreover,
the potential sites are located in international waters beyond the territorial
limits of the United States; international agreements would be required for
disposal in these waters.

These uncertainties in engineering, safety, environmental impact, and inter
national politics indicate that subseabed disposal is many years away. Because
the techniques for disposal in deep. ocean seabeds are much less advanced than
those for disposal in mined geologic repositories and because the potential
risks and environmental impacts of subseabed disposal show no promise of being
substantially smaller than those of geologic disposal, the DOE proposes to
proceed first with conventional geological repositories (DOE, 1979, p. 1.36).
This plan is in accordance with the program proposed by the President (Appen-
dix C).

3.2.2 Emplacement in Very Deep Drill Holes‘

Another potential alternative for disposal is to drill or sink a shaft to
isolate radioactive wastes in a very deep hole. This concept relies on using
the surrounding rock to contain the wastes and on the great depths to delay
the release and reentry of radioactive material into the biosphere. The util-
ity of the deep-hole. concept- is affected by three principal factors, which
depend on the specific characteristics of the site and the size of the hole.

The first factor :is.the geologic characteristics of the site, including
hydrologic conditions, rock -strength, and the interactions between the waste
and the rock. Because these characteristics are not well known at great
depths, the depth that is deep: enough is not well defined. A good selection
for a deep hole site would be strong, unfractured rock like crystalline rock
which typically has a low water content, or some rocks in deep sedimentary
basins.
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The second factor is the capability to excavate a very deep hole; this ca-
pability has been partially established already. It is possible today to drill.
a narrow deep hole to 35,000 feet or to sink a wide shaft to about 15,000 feet. .
Whether the hole would have to be cased depends on the strength of the rock and. Gii
on confining pressures,

The third factor is the safe emplacement of wastes, which may present
severe engineering problems. Lowering waste canisters 30,000 to 40,000 feet
on a wire through high-density muds could significantly increase the short-
term risks. Also, the number of holes (800-1300) required may be prohibitive,

The deep-hole concept cannot be evaluated as an alternative for the dis-
posal of radioactive wastes without more information on the deep groundwater
system, rock strength under increased temperatures and stresses due to heat
from the decay of wastes, and the sealing of the holes over long periods of
time. Once this information is available, then the question of depth can be
answered, and the capability of isolating radioactive wastes in very deep
holes can be evaluated.

Deep holes could be used for the disposal of all types of high-level waste.
Because of volume constraints, however, they would not be feasible for the
disposal of TRU waste (DOE, 1979, p. 1.25), and hence they are not con51dered
further in thlS document. :

3.2.3 Transmutation

The transmutation of long-lived radionuclides into short-lived or stable
ones would probably be carried out in a nuclear reactor. The fission products
from the transmutation, together with those resulting from reactor operation,
would have to be separated and disposed of by some other method, presumably
. emplacement in a geologic repository. Some other form of disposal would there-

" fore still be necessary, but the time over which isolation would have to be in-
sured would be shortened.

It is questionable whether any waste can be sufficiently purified of TRU
nuclides to reduce its long-term hazard significantly. This is particularly
 true of TRU waste, much of which is the high-volume residue left after separa-
tion. For this reason, transmutation is not considered as a process in the
disposal of TRU waste in this document.

3.2.4 Ejection into Space

If ejection into space were to be used, the waste package would be lifted
by a space shuttle into a near-earth orbit. The waste package would then be
transferred into an unmanned orbital transfer vehicle, which may have to be
carried by a second space-shuttle orbiter, and injected into an appropriate
solar orbit,

There appears to be no fundamental scientific impediment to. space dis-
posal, but many technical questions remain to be resolved. The technical : ‘ii
feasibility depends on a reliable space-flight system and on high-integrity '
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waste containers that .could withstand rocket failure or an explosion on the
launch pad. A concept-definition study is under way, and a rigorous safety
assessment is expected to be completed by 1981; a decision will then be made
on whether to continue with the development of a space-disposal system. Full-
scale demonstration of the concept couid probably not be established before
the turn of the century. Furthermore, the cost for ejection into space is
likely to exceed $1000 per pound, which would impose a severe economic penalty
on this mode of disposal because of the large total mass of TRU waste (Bart-
lett et al., 1976). For these reasons, extraterrestrial disposal was elimi-
nated from further consideration as an alternative for TRU-waste disposal.

3.2.5 Disposal in Conventionally Mined Geologic Repositories

A repository mined by conventional techniques would be located deep un-
der the ground in an environment whose geologic, hydrologic, geochemical, and
tectonic characteristics are judged suitable for long-term isolation. The
fate of radionuclides in a mined repository will be determined by the joint
effects of several factors: the characteristics of the regional environment,
the physical and chemical properties of the host rock and the surrounding
geologic formations, the physical and chemical form of the waste, the en-
gineered barriers deliberately built into the repository, and future human
activities. The most significant questions aibout geologic repositories are
those related to human intrusion and breaching by groundwater. The various
geologic formations now under study are discussed in the next section.

3.3 ALTERNATIVES FOR GEOLOGIC DISPOSAL

Three general classes of candidate geologic media are being considered for
the disposal of radioactive wastes in conventionally mined repositories:

® Salt in bedded, anticlinal, and dome formations.
® Igneous and volcanic rocks (granite, basalt, and tuff).

® Argillaceous rocks (shale).

The general geologic characteristics of candidate host formations are
discussed in more detail in Appendix A.

An important characterlstlc of a geologic medium is the long-term environ-
mental impacts of a repository built in it. The short-term impacts (i.e.,
those related to construction, operatlon, and transportation) are fundamen-
tally the same regardless of the medlum. h

3.3.1 8salt
Rock salt in bedded, anticlinal, or dome formations has received most of

the attention in waste-disposal studies over the last two decades. The orig-
inal report of a committee established by the National Academy of Sciences
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(NAS-NRC, 1957) recommended that salt be evaluated as a disposal medium be-
cause of its thermal and physical properties and because its very survival for
hundreds of millions of years has demonstrated its isolation from circulating
groundwater and the stability of the geologic formations in which it is

located.

The U.S. Geological Survey gathered information about 36 salt domes inland
from the Gulf of Mexico (Figure 2-1) during its investigations in the early '
1970s (Section 2.2.3). 8Salt domes are formed when salt flows upward, pierc-
ing overlying rocks. Where these processes are active, one might question the
long-term stability of the domes, but there is reason to suspect that the ones
farthest from the Gulf of Mexico are no longer growing or are growing very
slowly (Bartlett et al., 1976, p. C.67). These phenomena need more clar-
ification, but salt domes remain potential alternatives for the disposal of
radiocactive waste, and they are being evaluated in the National Waste Terminal
Storage (NWTS) program for commercial waste (Appendix B; Bechtel, 1978a).

The Paradox basin of southeastern Utah and southwestern Colorado (Fig-
ure 2-1) contains a series of northwest-trending salt-cored anticlines in
which the salt reaches within 500 to 3000 feet of the surface along the north-
eastern edge of the basin. In the larger structures there has been some flow
of salt from flanking areas into the anticlines under pressure from the over-
burden. The dissolution of salt from the upper surfaces of the central cores
has developed a caprock of insoluble material along the crests of the salt
anticlines, with the result that further dissolution is proceeding only very
slowly (Bartlett et al., 1976, pp. C.97-118). Thus, salt anticlines are al-
. ternatives for waste disposal, and they are also being evaluated in the NWTS
program (Appendix B; Bechtel, 1978b).

Bedded-salt formations are believed to have been stable over very long pe-
riods of geologic time, and bedded strata are typically associated with long
groundwater flow paths to the biosphere. Two desirable features of many
bedded-salt basins, a result of their evaporitic origin and subsequent tectonic
history, are their relatively simple structure and predictable stratigraphic
characteristics. It is often possible to establish with relative ease the geo-
logic structure of these formations and to predict their lithologic character-
istics over a wide area. Because of the early start on investigations of salt,
a wealth of information is available on its properties.

Exper iments on salt characteristics, including responses to heat and radi-
ation, have been conducted in Project Salt Vault (Bradshaw and McClain, 1971)
and over the past decade at the Asse experimental repository in the Federal
Republic of Germany (Kuehn et al., 1976). 1In addition, extensive salt mining
in many locations around the United States and abroad has resulted in a well-
developed salt-mining technology (D'Appolonia Consulting Engineers, Inc.,
1976). One particular advantage of salt mining is that, after shaft construc-
tion, explosives are not needed. Continuous-mining machines can be used to
excavate the disposal rooms, avoiding shock-produced cracks.

The desirable intrinsic properties of the salt include a uniformly low per-
meability, a high thermal conductivity (this criterion is more important for
the heat-generating high-level waste than for TRU waste), and a plasticity that
enables fractures to heal themselves at feasible repository depths. However,
like every other medium considered for disposal, salt presents some problems.
Recent reviews (OSTP, 1978; Hebel et al., 1978) have identified several factors
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that should be considered in locating and evaluating specific repository sites
in salt.

It has been asserted that, since interstitial water can lower the mech-
anical strength of salt, the presence and variable concentration of water
could be a problem. The mean water content in salt is low (typically less
than 1%), but local variations over wide ranges occur within salt masses. The
water content tends to be the lowest in salt domes along the Gulf Coast; the
deformation and flow process that has formed the domes seems to have kneaded
the water from the salt. Bedded-salt strata such as those in New Mexico, Utah,
and the Midcontinental and Eastern United States are generally more variable
than salt domes in their chemical composition and mineralogic characteristics.

The high sensitivity of salt to solution processes requires the acquisi-
tion of extensive data on regional and site hydrologic systems and some under-
standing of possible future groundwater flow regimes before a repository site
can be selected. Such understanding depends in part on the ability to evalu-
ate the impacts of possible climatic variations on the integrity of the reposi-
tory. The solubility of rock salt in water is a hundred times higher than that
of any other candidate medium (Table A-1 in Appendix A). If man-induced or
natural events caused a breach in the repository, any available circulating
groundwater could conceivably transport the radionuclides into the biosphere.
The geologic materials along the path of groundwater flow will slow this trans-
port by capturing and binding the radionuclides through reactions collectively
called sorption. Since the sorptive capacity of salt is low and dependent on
impurities, in a salt repository sorption could be provided only by other rocks
in the path of groundwater flow. «

Salt differs from basalt and shale in the potential environmental impacts
of the mined rock that is stored at the surface. A salt-storage pile would
have to be designed to limit wind erosion and rainwater runoff in order to min-
imize environmental impacts ‘during and after repository operation.

In summary, salt is the best understood of all candidate geologic media
with respect to its possible use as a waste-repository medium. The Inter-
agency Review Group on Nuclear Waste Management concluded (IRG Subgroup, 1978,
Appendix A, p. 67) that "with appropriate selection of a site and appropriate
hydrogeology and conservative engineering, salt could be an appropriate
repository medium." ,

3.3.2 Igneous and Volcanic Rocks .

Basalt, granite, tuff, and other crystalline igneous and volcanic rocks
have been considered as geologic media for a repository. Crystalline rocks
are attractive because of their strength"and,structural stability. The little
water they contain lies largely in fractures. - Basalt and granite have fair
sorptive capacities. Because of these favo:ablevnatural,conditions, it has
been estimated that the waste containers stored in a crystalline-rock reposi-
tory could maintain their integrity over hundreds of years.

The design and the operating procedures for a crystalline-rock reposi-
tory would be similar to those for a salt repository. However, the use of
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continuous-mining machines may not be practical in crystalline rock, and
conventional drilling and blasting mining techniques would be needed.

The paths of groundwater flow through crystalline rocks are normally, but
not always, shorter than those in bedded strata like shale or salt. The path
lengths depend, of course, on the geohydrologic setting. Crystalline rocks
commonly occur in gechydrologic environments that have experienced complex
tectonic events during which these brittle rocks were fractured. Alterations
in rock properties probably occurred during these events; rock properties may
have been homogenized by pervasive events or may be variable and difficult to
ascertain adequately for repository design. The geohydrologic characterization
of crystalline terrains presents challenging problems.

Granites and basalt are usually fractured, and the permeability of the rock
mass depends on flow through a network of fractures rather than flow through
porous media. Flow through a fracture depends on the size of the opening,
which to a large extent is controlled by the stresses acting across the
fracture. Since these stresses increase with depth, the permeability of crys-
talline rock usually decreases with depth. The development of a model for
fracture flow is a difficult problem that is receiving considerable attention.
At depths of 1500 feet or more below the surface, the permeability may be low
enough not to present a threat of releasing radionuclides into flowing ground-
water. An engineered approach to the control of fracture flow would be to
inject a grout into the fractures to reduce permeability.

Tuff is an extrusive rock produced by volcanic eruptions. There are two
forms of tuff that are of interest for repository use, and they are quite dif--
ferent. The first form is densely welded tuff, which has a high density, a low
porosity and water content, and the capability of withstanding high tempera-
tures. The compressive strength, thermal conductivity, and thermal expansion
of densely welded tuffs are comparable to those of basalt. Welded tuffs lo-
cally have significant fracture permeability and are important aquifers (Wino-
grad, 1971). The second form is zeolitic tuff, which has a low density, a high
porosity, a very low permeability, a high water content, and an extremely high
capacity for sorbing radionuclides. Zeolitic tuff has a moderate compressive
strength and a moderate thermal conductivity. The dehydration of some zeolites
begins at about 100°C; unless the fluids released can escape through the
rock, they will contribute to changes in the state of stress that could result
in fracture. Heat may also cause some zeolites to decompose to new minerals
with lower sorptive capacities.

The design concept for a repository in tuff is to emplace radioactive
waste in welded tuff and to obtain a significant benefit from the highly sorp-
tive barriers of zeolitic tuff surrounding the welded tuff. Local heating of
the zeolitic %tuff must be kept below the temperature at which its beneficial
properties are affected. A 2-year research program is under way at the Nevada
Test Site to ascertain whether sequences of welded and zeolitic tuffs would be
a valid medium for geologic disposal. Areas of welded and zeolitic tuff are
widespread and occur in thick sections in the western states, though they have
not yet been sufficiently characterized as to their homogeneity and their
hydrologic characteristics. Most of these tuffs are relatively young geolog-
ically, and they have been broken into blocks by tectonic forces that were
active during and after the time of their formation. Faults are still active.
in some areas, jeopardizing such regions for repository use. The hydrogeologic
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environments in which tuffs occur ‘are dominated by the-tectonic activity. How-
ever, a single hydrogeologic system in the Western United States can be large
enough to include many faulted blocks that contain satisfactorily extensive
sequences of welded and zeolitic tuffs.

The current NWTS program plan calls for detailed site-characterization
plans to be available in 1984 for a site in basalt at the ‘Hanford Site in the
State of Washington. Plans for sites in granite and tuff are to be available
in 1985.

3.3.3 Argillaceous Rocks

Shale and related rocks have a number of attributes that make them at-
tractive as media for the isolation of radioactive wastes: low permeability,
the capability of deforming plastically under lithostatic load, good sorptive
capacity, and low solubility in water. Such rocks are abundant in thick masses
throughout the Midwestern and Western United States. However, only illitic
shales may be suitable for repositories: carbonaceous shales may generate or-
ganic gases on decomposition, and montmorillonitic shales have properties that
change significantly in the presence of water. Accordingly, it is necessary
to perform very detailed studies at each potential site in shale, because the
widely varying character and composition of shales make some areas suitable
but many others unsuitable. ' In general, shales possess many of the character-
istics that make bedded salt and salt domes attractive. However, shales are
not so plastic and tend to have a somewhat higher fracture permeability than
salt; they also have a somewhat higher density and may require some blasting
during mining. The largest drawback to shales is the above-mentioned local
variability, which presents difficulties in adequately characterizing a poten-
tial site.

The preparation of a detailed site~characterization plan for a potential
repository site in shale will not be completed until after 1985,

3.4 ALTERNATIVE ‘AREAS IN BEDDED SALT

Large areas in the United States are underlain with bedded salt (Fig-
ure 2<1). During its search in the early 1970s, the U.S. Geological Survey
(Section 2.2.3) looked particularly at the Supal salt basin, the Salina region,
the Williston basin, and the Permian basin (Barnes, 1974).  Of these four, only
the Salina region and the Permian basin are still’ belng 1nvestlgated in the na-
tional waste—management program.

-The Salina region consists of bedded-salt deposits of Late Silurian age in
portions of New York, Pennsylvania, West Virginia, Ohio, Michigan, and southern
Ontario. Strata both above and below the salt are occasionally water-bearing.
However, in many areas the salt beds are overlain with massive anhydrite and
dolomite units or shales that are potential water ‘barriers. The greatest ag-
gregate thickness of salt is found in Michigan, where it ranges from 500 feet
at the margins to 1800 feet in the center. This bedded salt is considered one
of the better alternatives to the salt of southeastern New Mexico. However,
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the area is much more denéely populated, the land is more intensively used,
and the complex hydrologic characteristics are likely to be much more difficult
to define and evaluate (Appendix B; NUS, :1979a).

The Permian basin in the Western United States is a series of sedimentary
basins in which rock salt and associated salts accumulated during Permian ‘time
over 200 million years ago. The region includes the western parts of Kansas,
Oklahoma, and Texas and the eastern parts of Colorado and New Mexico. (The
Kansas salt beds considered in Project Salt Vault are in the northern portion
of the Permian basin.) Since Permian time the basin has been relatively stable
tectonically, although some parts of it have been tilted and warped, have
undergone periods of erosion, and have been subject to a major incursion by the
sea. Subsidence, collapse of the land surface from dissolution, has been com- -
mon in the basin (Appendix B; Bachman and Johnson,. 1973; NUS, 1979b).

Section 2.2.3 describes the process by which the Delaware ba51n was se-
lected from potential sites in the Permian basin and the process by which the
Los Medanos site was selected from potential sites in the Delaware basin.’

3.5 ALTERNATIVE SITES IN ALTERNATIVE MEDIA

No method other than emplacement in a mined geologic repository is feas-
ible at present for the disposal of TRU waste, nor can the feasibility of any
of the other disposal methods still being investigated be, established for at
least a decade. The NWTS program is investigating salt and other host media,
and potential repository sites will be identified starting in 1983. Although
these sites are being sought for the disposal of commercial high-level and TRU
waste, they may also be suitable for the disposal of defense TRU waste.

The President's program recommends that one or more repositories be se-
lected from among sites in a wide variety of host rocks with diverse geohydro-
logic characteristics. Since the NWTS program is directed at identifying and
characterizing sites for a system of repositories, its activities will con-
tinue after the site for the first NWTS repository is selected. Any sites that
meet the site-selection criteria but are not selected remain "banked" and thus
available for possible selection at a later time.

In the next 5 years, the NWTS program is expected to characterize several
sites and then to recommend one site in a process that includes documented
compar isons of .environmental, technical, and institutional aspects (DOE, 1980).
The earliest possible dates for issuing the final environmental impact state-
ment on banking and a detailed site-characterization report supporting a de01-
sion to bank a site are as follows:

Geologic medium and location Date
Dome salt (Gulf interior reglon) 1983
Basalt (Hanford) ; 1984
Nevada Test Site » . 1985
Other hard-rock sites : 1985
Bedded salt (other than Los Medanos) 1985

3-10

=



Each of these sites will have been taken through the NWTS site-exploration
and site-characterization phases. Thus, in late 1985, for example, it will
 probably be possible to consider several sites in the selection process. An
environmental impact statement will be required prior to site selection (DOE,
1980).

The dates shown are based on the assumption that all site-characterization
activities can be conducted from surface exploration only. If underground
exploration at the proposed repository horizon is required for licensing, as
presently proposed by the Nuclear Regulatory Commission, the schedules would
be extended, and it would not be possible to select from among the character-
ized sites until 1989.

3.6 FORMULATION OF ALTERNATIVES

Taking no action to remove TRU waste from its present near-surface stor-
age in Idaho has been identified as the first alternative to be analyzed in
this environmental impact statement. This section delineates alternatives
involving its removal and the research and development of disposal methods for
other types of wastes. Options for the research and development are also
discussed.

3.6.1 Alternatives for TRU-Waste Disposal

Four alternatives are considered for demonstrating the disposal of defense
TRU waste: no action (as already described); building the WIPP facility at the
Los Medanos site in southeastern New Mexico; disposal of the TRU waste stored
at the INEL in the first available HLW repository, which involves delay in
moving this waste; and delaying the WIPP for the sake of considering other
sites as well as the Los Medanos site.

3.6.2 Options for Research and Development

In order to advance the state of the art of radiocactive-waste disposal, it
is thought necessary to conduct in-situ, full-scale experiments with wastes.
Many technical experts believe that continued laboratory studies in salt are
producing diminishing.returns; the general properties-of salt, for instance,
are well known, but .its. bulk properties should be evaluated in the particular
formations where waste may.be emplaced.  Accordingly, continued laboratory
exper iments should be accompanied by in-situ testing.

One place to conduct the in-situ research and development would be in a
specially mined underground area not associated with a waste repository. The
development of such a stand-alone, full-scale experimental facility would
allow many design-verification, rock-mechanics, fluid-migration, and thermal-
response tests to be performed. The usefulness of a stand-alone facility
would be greatest if it were located at a site on which a repository might be
constructed in the future. In a stand-alone facility, the costs of buildings,
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shafts, and underground openings would have to be charged against the experi-
ments alone.

A research-and-development (R&D) area at a repository would have advan-
tages over the stand-alone facility. Its results would be helpful in future
planning for that site. It would be more cost-effective than a stand-alone
facility. It would have no long-term impacts as long as the waste used in the
exper iments were removed at the end of the experiments, although its short-
term impacts might not be negligible. Finally, the earlier an R&D facility is
built, the more valuable its results will be. This suggests that it would. be
useful to include such a facility in the first repository to be built in each
geologic medium.

The options of not having an R&D facility or of having a stand-alone fa-
cility are not considered further in this document. The discussions to follow
assume that an R&D facility is included in the WIPP, if alternative 2 or 4 is
chosen. The matter is left for later decision in alternative 3.

3.6.3 Alternatives Involving the Removal of Waste from Idaho

The demonstration of the disposal of defense TRU waste and the R&D studies
with defense TRU and high-level waste are complementary. Thus, all the action
alternatives discussed in this document include an R&D facility, although a
TRU-waste repository and a stand-alone R&D facility could be built separately.

There are two choices for the disposal of TRU waste: it could be disposed
of in a repository dedicated to TRU waste alone, or it could be put into a
repository for high-level waste. In addition, the decision to build a TRU-
waste repository could be delayed until other sites have been characterized.
The action alternatives, therefore, are the following:

® Alternative 2, the authorized alternative. A repository for demon-
strating the disposal of TRU waste and including an R&D facility for
high-level waste is built now at the one presently available site, the
Los Medanos site in southeastern New Mexico.

® Alternative 3, the preferred alternative. The TRU waste stored at the
INEL is disposed of in the first available repository for high-level
waste. ’

® Alternative 4. The decision on where to build a facility like the WIPP
is delayed until at least 1984, when two or three sites in addition to
the Lod Medanos site should be available for consideration.

These alternatives are described in more detail in the next three sections.
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3.6.3.1 Alternative 2, the Authorized Alternative
Q.; Alternative 2, the authorized WIPP project, consists of the following:

1. A repository for demonstrating the disposal of TRU waste generated in
U.S. defense programs. It would receive the waste stored at the INEL
through 1990 and all defense-generated TRU waste produced from 1990
through 2003. The waste ‘would be emplaced in such a manner that it
could be retrieved for a period of 5 to 10 years after a decision for
retrieval is made. That decision would be made separately for each
kind of TRU waste (contact-handled and remotely handled) not more than
5 years after the first containers of it had been emplaced. The
underground excavation would create a 100-acre mine that would be
large enough to accommodate this waste; future expansion could provide
a mine of up to 2000 acres for the disposal of additional TRU waste,
if this were later determined to be desirable.

2. A 20-acre underground area for research and development. Experiments
performed there with all types of radioactive defense waste would
answer technical questions about the disposal of waste, particularly
high-level waste, in salt. All the waste used in these studies would
be removed when the experiments are completed. No commercial high-
level waste would be included.

The WIPP would be constructed at the Los Medanos site in Eddy County, New
Mexico (Figure 3-1). The project would require the withdrawal of 17,200 acres
of Federal land, the acquisition of 1760 acres of State land, and the acquisi-

" tion of existing lease rights. Another 620 acres would be required for rights-
of-way for roads, a railroad, an electrical-power line, and a water line.

In order to provide final site validation and to verify the analyses used
in the design of the underground facility, the construction of the WIPP facili-
ty would be preceded by the construction of two deep shafts and an underground
experimentation facility at the Los Medanos site. (This is the site and
preliminary-design validation (SPDV) program referred to in Section 2.1.2.)

The shafts and underground area would be instrumented to measure rock response,
and various exper iments to observe waste-package performance’ under repository
conditions would be conducted. No radioactive waste would be used in the SPDV
program. The SPDV-program plan calls for a 2-year period for construction and
site validation and an operational perlod of up to 5 years for design
validation. The SPDV program would require about $54 million (1979 dollars)
to design and build and about $5 million a year to operate. 1If the WIPP (or
an HIW repository) were constructed at: the Los Medanos site after the SPDV
program, the SPDV shafts and underground development would become a part of
the complete facility. Based on the results of the site-validation activi-
ties, this EIS would be supplemented, if necessary to incorporate significant
new information, before a decision to proceed with the full construction and
operation of the WIPP facility.

Disposal of TRU waste in the WIPP

Once the complete facility became operational, railcars and trucks would
‘i} be unloaded inside a waste-handling building, where the waste would be pre-
pared for movement underground. Each of four shafts would reach the under-
ground disposal level. This underground area, about 2150 feet below the
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surface, would be used for the disposal of contact-handled and remotely han-
dled TRU waste and for experiments with defense high-level waste. The dis-
posal mine would be in the Salado Formation, a thick layer of bedded salt that
extends from about 850 to 2825 feet below the surface at the center of the
site. Detailed information on the site is given in Chapter 7 and Appendix H.
Chapter 8 presents a detailed description of the'WIP? and its -operation.

It is estimated that the‘cdnstiuction of the WIPP would cost $292 million
(1979 dollars) spread over nearly 4.5 years and about $24 million a year to
operate. - In addition, engineering, construction management, and technical
support would cost $205 million. The construction work force is expected to
number about 950 people on the average during the year of largest employment;
peak employment for a period of a few months is expected to be near 1300. The
operational staff would number about 440,

The WIPP is designed to handle up to 1.2 million cubic feet of waste per
year. It is intended to accommodate the readily retrievable waste expected to
be stored in Idaho through 1990 and other defense TRU waste generated between
the years 1990 and 2003, for a total of 6 million cubic feet. A 100-acre
repository will be large enough for this purpose.

The WIPP could be expanded in the future to accommodate the remaining
retrievably stored TRU waste listed in Table 2-3. If the decision should be
made to retrieve the buried waste at all sites and process it for storage,
there is enough area at the Los Medanos site to receive it as well.

Thus, although the mission of the authorized WIPP project is now limited
to. a subset of the total TRU-waste inventory, there is a possibility that a
repository of 2000 acres will eventually be needed for the disposal of all
defense TRU waste. Any decision to add other sources of waste, however, would
require further environmental review.

The research and development program in the WIPP

The experimental program described in Section 8.9 is designed to provide
an in-situ laboratory to answer technical questlons about the disposal of
high-level waste in bedded salt.

In the experimental area, it would be possible to accelerate the inter-
actions between the high-level waste and the salt and to experiment with canis-
ter materials, overpack or backfill materials, and .other multiple-barrier tech-
niques. The experimental program could produce 1nformat10n on the means of
protecting the waste canisters from brine attack for long periods of time, on. -
the products of waste interactions with salt, and on various concepts for
immobilizing any leached radlonuclldes within or near the original waste-
emplacement locations. :

The experiments would use a form of defense waste that produces high
levels of heat and gamma radiation. 1In the interest of .accelerating the
interactions, some of the waste will be emplaced without a surrounding
container, and some will be ground into small particles before being
emplaced. The experiments would be intended to produce enough stress on the
salt environment to simulate adverse conditions that might appear in a future
repository for high-level waste. All the high-level waste used in experiments
would be recovered and removed from the WIPP at the end of the experiments.
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The source of the waste to be used in these experiments is not as yet
defined; solid high~level waste from defense programs is not re 1lily avail-
able, as little of it has been produced. By the late 1980s, solid defense
high-level waste may be available from the Savannah River Plant; however, it -
will not be available until several years after the WIPP experiments would be
scheduled to begin. To increase its levels of radioactivity, this waste could
be fortified with cesium-137.

3.6.3.2 Alternative 3, the Preferred Alternative

This alternative presumes that Idaho TRU waste is held until an HIW re-
pository is available; then the waste is disposed of there. A comprehensive
description of the plans for these repositories, to the extent that these
plans have advanced, is given in the draft generic environmental impact state-
ment on :the management of commercially generated radioactive waste (GEIS) (DOE,
1979) and its supporting documents.  According to these plans, an HIW reposi-
tory would consist of the following:

1. A repository for the disposal of high-level waste generated in the
commercial power program. This repository could be in salt, granite,
shale, or basalt. The first such repository would operate for 15 to
25 years and would contain between 70,000 to 250,000 canisters of high-
level waste. Initially at least, the waste would be implaced in such
a manner that it could be retrieved if necessary. The underground
mined openings would take up an area of 2000 acres.

2. A portion of the repository given over to the disposal of TRU waste

‘ from both the defense and the commercial programs. As in alternative
2, the quantity of this waste is assumed to be 6 million cubic feet
needing 100 acres of storage space.

3. Possibly, an area for research and development. It is undecided at
this time whether part of the repository should be set aside for
exper iments or whether an R&D facility should be constructed at the
site prior to construction of the repository.

As indicated in Section 3.5, the areas being investigated for siting the
first HLW repository are inland from the Gulf of Mexico for dome salt, the
Hanford Site for basalt, and the Nevada Test Site for granite or tuff. Ac-
cording to current plans, the first HLW repository will become available be-
tween 1997 and 2006. The Los Medanos site would also be considered for this
HLW repository. :

Site validation may require one or two shafts and a small underground
exper imental area comparable to the site and preliminary-~design validation
program of alternative 2.

The GEIS estimates that the total cost of construction and operation of an
HLW repository would be $1590, $4960, $2110, and $5490 million in dome salt,
granite, shale; and basalt, respectively, spread over a time period of 15, 24,
17, and 24 years, respectively. These estimates assume the once-through fuel
cycle, which involves no reprocessing of spent fuel.
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3.6.3.3 Alternative 4

The advantage of this alternative would be to gain the possibility of pick-
Q.; ing a location for a WIPP-like facility from among several sites and media.
As indicated in Section 3.5, the earliest possible date at which three sites
may be available is 1984. The earliest date on which the finished repository
would be available is 1997.

A repository built under this alternative would consist of a facility for
demonstrating the disposal of radioactive waste generated in U.S. defense
programs. Site validation could require the development of facilities compar-
able to those described for the site and preliminary-design program under
alternative 2, It would receive the 6 million cubic feet of TRU waste spoken
of under alternative 2 above (Section 3.6.3.1). This waste would be emplaced
in such a manner that it could be retrieved, at least initially. As in alter-
native 2, part of the repository would be set aside for experiments with high-
level waste.

This repository would be of roughly the same description as the WIPP. 1In
a medium other than bedded salt, the early shafts and the small underground
exper imental area might also be required. The cost figures for HLW reposi-
tories in various media quoted in the previous section imply that the costs
for TRU-waste-only repositories in various media would differ.

3.6.4 Summary of Alternatives

The four alternatives are considered in this environmental impact statement
are summarized below. Their environmental impacts are discussed in Chapter 4.

Alternative 1, no action. The TRU waste stored at Idaho would remain
there, perhaps in improved storage.

Alternative 2, the authorized alternative. The WIPP described in Chapter
8 would be built at the Los Medanos site in southeastern New Mexico.
It would be a facility for the demonstration disposal of TRU waste
only and for research and development with high-level waste.

Alternative 3, the preferred alternative. The TRU waste stored at Idaho
would be disposed of in the first available repository for high-level
waste. According to present plans, a site will be selected between
1987 and 1990, and the repository itself will be available between
1997 and 2006. The Los Medanos site w1ll be considered as well as
sites in other geclogic media.

Alternative 4. The decision on where to build a WIPP-like facility would
be delayed until at least 1984, when two or three sites in addition to
the Los Medanos site should be ava11ab1e for con51derat10n.

A site and preliminary—design validation program at the Los Medanos site
would be part of the authorized WIPP alternative. Although designed for WIPP
requirements, this program would be compatible with the site-characterization

6;; studies required for alternatives 3 and 4.
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4 Environmental Impacts of Alternatives

This chapter evaluates and compares the envirommental impacts of the four
alternatives developed in Chapter 3. .Section 4.1 discusses alternative 1, no
action. Section 4.2 summarizes the detailed analysis of alternative 2 that
appears in Chapters 6 and 9. Alternative 2, the authorized Waste Isolation
Pilot Plant (WIPP) in southeastern New Mexico, is the most completely analyzed
of the alternatives; it forms the reference against which the other alterna-
tives are compared. The remaining two alternatives are taken up in Sections
4.3 and 4.4. 1In the discussion of alternative 3, the preferred alternative,
which places both defense TRU waste and commercial high-level waste (HLW) in
one combined repository, the point of view is twofold: (1) the changes in
impacts (usually increases) brought about by expanding the mission of the HLW
repository and (2) the changes in impacts (usually decreases) brought about by
having one repository rather than two. Section 4.5 compares the envirommental
impacts of alternatives 2, 3, and 4 in a single table.

4.1 ALTERNATIVE 1l: NO ACTION

If neither the WIPP nor any other Federal repository should become avail-
able, TRU waste would have to remain at its present storage sites (or be trans-
ferred between them). The consequences of following this alternative are
analyzed in Appendix N in terms of the impacts that would occur at the Idaho
National Engineering Laboratory (INEL). Three general methods for managing
the waste are considered in Appendix N:

1. The waste could be left in place, as is. Additional waste received
.would be stored similarly.

2. The confinement of the waste could be improved without moving it. At
the INEL this in-place improvement would consist of adding clay and
basalt rip-rap over the. storage pads; injecting grout below the pads
would further improve the confinement. Alternatively, the waste could
be immobilized by injecting grout directly into the waste and the
ground beneath it.

3. The waste could be retrieved; processed, and disposed of at a better
location at the INEL. The methods considered in Appendix N are dis-
posdl in an aboveground engineered concrete structure, engineered
shallow burial, and dlsposal in deep rock

.'lls. '

In the short term (1 e., up to 100 years), no releases of rad1atlon would
be expected from the first two subalternatives.  The processing involved in
the third would produce small releases resulting in a maximum whole-body dose
commitment of 1.9 x 10-10 rem per year of operation or 3.6 x 10-6 rem per
year to the bone at the point (on the INEL site) of maximum airborne con-
centration. The dominant accident during processing would produce a maximum
dose commitment to the lung of about 0.1 rem.
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. Over the long term, disasters could disrupt the waste and release radio-
nuclides. The INEL is at the edge of the Arco Volcanic Rift Zone, which has
been act1ve as recently as 10,500 years ago; it is 11ke1y to be the 51te of
future volcanic action. Therefore, the dominant natural disaster would be
volcanic action, either lava flow over the waste or an erupt1on through or
near it. Human. intru51on by a small group of people is also credlble.

‘ Drawn from a study of many possible release mechanisms (DOE, 1979a), Table
4-1 gives estimates of the possible radiation doses resulting from these d;s—
ruptlons. Natural disasters could deliver significant dose commitments (up to
90 rem to the luhg) to maximally exposed individuals if the first subalterna-
tive were used; the second subalternative would reduce this dose commitment to
0.9 rem. Human intrusion could deliver much higher dose commitments to a few
people.  Improved conflnement (subalternative 2) gives the possibility of a
hundredfold-smaller individual and population dose comm1tments, but leaves the
waste at the surface.

In summary, no environmental reasons have been found why TRU waste could
not be left at the INEL stored as it is for several decades or even a century;
over such a time volcanic action is unlikely, and government control of the
site will prevent inadvertent human intrusion. In the long term, however,
volcanic action that could produce large exposures to radiation is probable.

Table 4-1. Possible Long-Term Consequences, Alternative 1

Individual dose _ Population® dose
commitment (rem) - . commitment (man-rem)
Release Whole Whole
mechanism body Bone Lung body Bone : Lung

' SUBALTERNATIVE 1: WASTE LEFT AS Isb.

Volcano . 0.006. - 8 20 0 40,000 80,000

Lava flow - 0.03 - 50 90 ‘ 100 200,000 400,000

Intrusion® 10 500 700 90 4,000 ° 6,000
SUBALTERNATIVE 2: IMPROVED CONFINEMENTY

.4 400 - - 800.

Volcano 0.00006 0.08 0.2 0
Lava flow © 0.0003 - 0.5 0.9 1 2,000 - 4,000
5 7 0

Intrusion® -0.1 .9 40 . - 60

aPopulatlon is 130 000 for volcanic action and lava flow, 10 for human
intrusion.

bpata from Table N-1 in Appendix N.

Cpose from inhalation.

dData from Table N-2 in Appendix N.
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4.2 - ALTERNATIVE 2: THE AUTHORIZED WIPP FACILITY

A detalled analy51s has been made of the Waste Isolation Pilot Plant in
the bedded salt of the Delaware basin in southeastern New Mexico, at a site
called Los Medanos. It is reported in Chapters 6 and 9 and summarized in this
section. This authorized alternative is used as the reference against which
this environmental impact statement compares the other two alternatives that
call for the disposal of TRU waste away from the INEL. The impacts of a site
and preliminary-design validation (SPDV) program at the Los Medanos site are
included in this discussion; these impact analyses are presented in greater
detail in a separate report (Brausch et al., 1980).

The impacts of the WIPP include

1. Physical impacts during construction and operation: changed land use,
commitment of resources, effects of effluents, denial of mineral re-
sources.

2. Socioeconomic impacts.

3. Radiological impacts of transportation, . including tfansportation
accidents.

4. Radiological impacts of normal and accidental releases during the time
that waste is being emplaced in the WIPP (the short-term, or opera-
tional, period).

5. Possible radiological impacts after the WIPP is closed and decommis-
sioned (the long-term period).

6. Impacts of removing waste from its present storage and processing it
for shipment to the WIPP.

4.2.1 Physical Impacts

The physical impacts of the authorized alternative would occur primarily
during construction and operation. These 1mpacts are sumnarlzed in Table 4-2.

The commitment -of the site for repository development would primarily
affect grazing; the land surface currently has few other uses. National and
local food production would sustain no,apprec1able loss, for the 1072 acres
affected normally support fewer than 12.head ofﬁQEttle. -The 169 acres used in
the SPDV program would result in even less impact. - :

Table 4-2 categorizes surface land use aé'“temporary" and "long-term.,"
Probably the only long-term use: that would be. truly permanent is the land to
be used for the mined-rock (salt) p11e arid the evaporation pond to receive the
drainage from this pile; these 37 acres, sterilized. by salt, would not suppor t
grazing again. The other parcels of land 1ncluded in the long-term category
are the portions of the rlghts—of—way actually covered by roads and railroads
and the land occupied by buildings. After the project is over, this area will
largely regain its natural vegetation if the buildings are razed. The tem-
porary category includes the rights-of-way for electricity and water lines
because the land on which they are built would be allowed to return to its
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Table 4-2., Physical Impacts of the WIPP Authorized Alternative?
Parameter Quantity Section
Use of land surface
Temporary 878 acres 8.1 and
Long-term 224 acres 9.1.1
Resources
Materials for
construction?
Concrete 125,000 bbl cement 0.032% 9.2,2
Steel 15,000 tons 0.012% of U.S. pro- 9.2.2
Copper 150 tons 0.009% duction per 9.2.2
Aluminum 200 tons 0.003% year 9.2.2
Lumber 0.5 x 106 board feet  0.0005% 9.2.2
Water :
ConstructionP 15 acre-ft/yr 0.17% } of Carls- 9.2.2
Operation 20 acre-ft/yr 0.23% bad use 9.3.3
Electricity
ConstructionP 4 x.106 kWw-hr 0.12% of Carls- 9.2.2
Operation 2 x 104 kw 23% } bad use ©9.3.3
Liquid fossil fuels
Construction 2.6 x 106 gal 9.2,2
Operation 540 gal/day 9.3.3
Effluents
Construction period
Carbon monoxide 26 tons/yr 0.1% 9.2.1
Nitrogen oxides 142 tons/yr 2.4% of Eddy County 9.2.1
Sulfur oxides 9 tons/yr 0.04% emissions 9.2.1
Dust 720 tons/yr 3.5%
Other particulates 29 tons/yr 0.14% 9.2.1
Operational period
Carbon monoxide 9.7 tons/yr 0.1% - 9.3.1
Nitrogen oxides 49 tons/yr 0.82% of Eddy County 9.3.1
Sulfur oxides 31 tons/yr 0.14% emissions 9.3.1
Hydrocarbons 3.2 tons/yr 0.04% 9.3.1
Salt particulates 42 tons/yr 0.21% 8.7.5, 9.3.1
Other particulates 3.2 tons/yr 0.02% 9.3.1
Solid nonradioactive
waste (uncompacted) 2500 yd3/yr 8.7.2
Sanitary waste
(treated effluent) 30,000 gal/day 8.7.1
Radiocactive®
Solid 1420 f£t3/yr 8.5.2
Natural radon 0.94 Ci/yr 8.6.3
Other gases 0.004 Ci/yr 8.6.3
Mineral reserves
In entire withdrawal area
Sylvite 3.7 x 106 tons K0 1.8% 9.2.3
Langbeinite 4.4 x 106 tons K30 4109 of U.S. 9.2.3
Crude oil 0 reserves
Natural gas 45 x 109 cubic feet 0.02% 9.2.3
Distillate . 0.12 x 106 barrels 0.0003% 9.2.3
In inner zones
Sylvite 0
Langbeinite 1.21 x 106 tons K,0 €2.7% 9.2.3
Crude oil 0 of U.S.
Natural gas 21 x 10° cubic feet 0.01% reserves 9.2.3
Distillate 0.03 x 106 barrels 0.00008% ©.2.3

arhe impacts of the SPDV program are included in or bounded by the quantit:es

listed in this table.

bror a 54-month construction period.
CThe SPDV program will not produce radioactive effluents other than naturally

oécurring radon gas.

. drhe tonnage estimate of langbeinite reserves, made by the U.S. Bureau of
Mines (USBM), is used in the analyses presented in this document, for reasons ex-

The SPDV impacts are discussed in the referenced sections.

plained in Section 7.3.7. It is not, however, directly comparable to the available
estimates of total U.S. reserves. An estimate that is comparable has been made by
Agricultural and Industrial Minerals, Inc. (AIM); this estimate shows that about
10% of the U.S. reserves lie beneath the entire withdrawal area.

©Because the USBM estimates that 27% of the reserves lie beneath the inner

zones, 2.7% of the U.S. reserves may be assumed to lie there.
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natural vegetated state after they are constructed. The SPDV program is
designed to be temporary and involves only 169 acres; it will include site
restoration if there is to be no. further activity at the Los Medanos site.

The resources to be used in building and operating the SPDV facility or
the complete WIPP facility could be used elsewhere. Nevertheless, supplying
them would not strain the resources of the nation, the State, or the local
area. As shown in Table 4-2, the required amounts all are small in comparison
with the annual production of these resources in the United States.

Most of the effluents from the SPDV facility and the repository would have
little effect on the environment, although salt dust from the mined-rock pile
and from mining would have effects like those of a normally operating salt or
potash mine--that is, it could suppress some species of plants nearby. Sewage
treatment and the disposal of solid wastes in a local landfill would be about
equivalent to that of a small town with a population of less than 500
persons. The effluents listed in Table 4-2 come mostly from the operation of
diesel equipment in the plant.

The impacts of the radioactive effluents from the repository are given in
Section 4.2.4 below. The SPDV facility would not release any radioactive
effluents other than natural radon gas generated during mining.

The development of most of the subsurface mineral reserves* listed in
Table 4-2 would be denied temporarily; all of the sylvite, three-quarters of
the langbeinite, about half of the natural gas, and three-quarters of the
distillate are expected to become available for exploitation. Sections 9.2.3
and 9.6.5 explain how some of the subsurface-development rights could be re-
stored: mining (other than solution mining) and drilling for oil and gas may
be allowed in the outer control zone. More than half of the natural gas could
be recovered by drilling outside the central portion of the site. Deviated
drilling from the outermost buffer zone to locations beneath the repository
could allow recovery of all of the natural gas present at the site. It is
uncertain when the restrictions on access can be relaxed, but the delay could
be several decades. Access to these resources would be denied during the SPDV
program, but if the Los Medanos site were not considered further for a
repository, these minerals would again become available.

In summary, the most important physical impacts of the development of
~alternative 2 would be the use of land, especially that required for the mined-
rock pile, and the denial of access to subsurface mineral reserves. The most
important of these reserves is the potassic mineral langbeinite, used for
fertilizer where chlorides must be avoided. Because Carlsbad is the -only
known langbeinite district in the United States, it will eventually be neces-
sary to substitute other minerals. These other minerals are currently being
produced commercially, at competitive prices, from brine lakes. The use of
the total reserves at the site would forestall this depletion by a maximum of
15 years; if the DOE permits mining in the outer buffer. zone, the remaining
WIPP reserves would account for only 4 years of production. The impacts of
the SPDV program are a small fraction of those for the complete WIPP facility.

*Reserves are the portions of resources that are recoverable under today's
economic conditions with today's technology.
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4.2.2 Socioeconomic Impacts

These impacts are summarized in Table 4-3 from information given more
fully in Section 9.4.

The WIPP would cost about $292 million to build and about $24 million a
year to operate (1979 dollars). 1In addition, it would cost $205 million- for
engineering, construction management, and technical support, for a total of
about $500 million. Only a portion of the first two costs would be spent
locally; during the period of construction (assumed in the analysis to be 54
months), the economy of EAdy and Lea Counties would receive $138 million in
direct new expenditures for labor and local procurement. Indirect, or spin-
off, effects in the private sector would add $112.4 million. During re-
pository operation, the total direct and indirect impact on the private sector
of the economy would be about $33 million annually (just over $17 million
directly and nearly $16 million indirectly). The SPDV program would require
$54 million (1979 dollars) to design and construct and about $5 million a year
to operate. :

New jobs would be created. The number of jobs would rise until 1983, when
an average of approximately 950 people would be directly employed on the
project and about 1200 indirect jobs would exist; during two brief peaks in
1982 and 1983, the project would provide more than 1200 direct jobs. These
totals would drop back to 440 direct and 514 indirect jobs dAuring operation.

. About half of the people filling these jobs would be hired locally. At the
‘peak of the construction activity, the project would add as many as 2250
people to the population in the area; during operation this number would drop
back to about 1000. The maximum direct employment for the SPDV program is
estimated at 124 people. Because of this small influx of workers and the
short duration of their stay, socioeconomic impacts, either beneficial or
‘adverse, would be minimal.

Table 4-3. Socioeconomic Impacts of the WIPP Authorized
Alternative in Eddy and Lea Counties

Source
Impact Construction Operation section
Expenditures?
Direct $137.9 million® $16.9 million® 9.4.1.1
Indirect $112.4 millionP $16.1 million® 9.4.1.1
" Total $250.3 millionP $33.0 million€ 9.4.1.1
Jobs
Direct 9224 440 9.4.1.3
Indirect 12154 514€ 9.4.1.3
Total 21374 954¢€ 9.4.1.3
Population changes
Direct 120094 600€ 9.4.2.1
Indirect 10509 400® 9.4.2.1
Total 22504 1000€ 9.4.2.1

arn 1979 dollars.

bpotal costs for the whole period of construction.
Cannual costs.

dpeak year.

€rull operational period.
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Two alternative assumptions were made in the socioeconomic analysis. The
first assumed the present residency pattern for potash-industry workers: the
work force lives mostly in Carlsbad, which would receive by far the major
impact of the project. The second assumed that a significant fraction of the
workers live in Lea County; Hobbs would then receive more than one-third of
the impacts.

Under the first assumption, there might be a temporary housing shortage in
Carlsbad during the peak construction pericd. Under the second assumption,
housing in Hobbs would keep up with demand, but would have to spread beyond the
present city limits and municipal utilities. In both cities community services
are judged to be adequate. Because their populations are expected to increase
steadily even without the WIPP, both cities will have to increase the services
they offer during the next ‘decade. The impact of the extra population due to
the WIPP would be simply to require that the increased services be provided
perhaps 6 months to 1 year earlier. Existing laws and statutes provide au-
thority for the DOE and other agencies to provide planning and mitigation
assistance for adverse socioeconomic impacts (Section 9.6.6).

4.2.3 Radiological Impacts of Transportation

These impacts are summarized in Table 4-4 from information given more
fully in Sections 6.7 and 6.8.

The analysis of transportation to the WIPP assumed that stored TRU waste
would be shipped from the INEL over a period of 10 years and that TRU waste
would be shipped from the Rocky Flats Plant as it is produced. There would
be about 500 shipments a year to the repository, distributed between the two
types of TRU waste as shown in Table 4-4. During each of the 2 or 3 years
after the WIPP opens, the plant would receive two or three shipments of
high-level waste for experiments.

The analysis of normal, accident-free transportation calculated the doses
received by the general public along transportation routes to the WIPP. The
total annual doses are 5.4 man-rem from contact-handled TRU waste and 1.2
man~rem from remotely handled TRU waste. Shiprnents of high-level waste would
contribute less than 0.14 man-rem during each of the 2 or 3 years when this
waste would be received. These doses would be"spréad'Over many hundreds of
thousands of people; they would be much smaller than the doses those people
would receive from natural background radiation. .

To calculate an upper limit to the dose a/person might receive from trans-
portation to the WIPP, the. analysis postulated a person who, for an entire
year, watches every shipment of TRU waste from a point 25 feet from the path
of the shipments. Such a person would receive a dose of 0.00015 rem during
that year, a dose many times smaller than the dose he would receive from nat-
ural background sources.

Most transportation accidents would not be severe enough to release any
radioactivity at all because of U.S. Department of Transportation (DOT) regu-
' lations on packaging for shipment. Statistics show that only 0.5% of truck

accidents and 0.4% of rail accidents have impacts more severe than those that
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Table 4-4. Radiological Impacts of Transportation

EXPOSURE DURING ACCIDENT-FREE TRANSPORTATION

. Number of Population exposure
Waste type - shipments per year  (man—rem/yr)
CH TRU waste 459 - 5.4
RH TRU waste 41 1.2
Total for TRU waste’ 500 6.6
Exper imental
high-level waste less than 6 for 2-3 years less than 0.14

EXPOSURE DURING ACCIDENTS: DOSES RECEIVED BY AN INDIVIDUAL?2

Dose commitment (rem)

Scenario | Bone - Lung ~ Whole body
CH TRU waste (rail) 17.4 0.87 0.42
CH TRU waste (truck) 5.8 0.29 0.14
RH TRU waste (rail) 0.008 0.002 0.007
RH TRU waste (truck) 0.0016 0.0004 0.0014
Exper imental
high-level waste (rail) 37 9.1 33

EXPOSURE DURING ACCIDENTS: DOSES RECEIVED IN A SMALL URBAN AREAP

Dose commitment (man-rem)

Scenario v Bone Lung Whole body
CH TRU waste (rail) 7,680 390 190
CH TRU waste (truck) 2,569 130 62
RH TRU waste (rail) 3.6 " 0.9 3.2
RH TRU waste (truck) 0.6 0.2 0.7
Exper imental I ,
high-level waste (rail) 16,600 4050 14,800

EXPOSURE DURING ACCIDENTS: DOSES RECEIVED IN A LARGE URBAN AREAC

Dose commitment (man-rem)

Scenar io Bone Lung Whole body
CH TRU waste (rail) 13,200 660 330
CH TRU waste (truck) 4,410 220 110
RH TRU waste (rail) 6.2 1.5 5.4
RH TRU waste (truck) 1.2 0.3 1.1
Exper imental

high-level waste (rail) 28,500 6960 25,400
Sources: Sections 6.7 and 6.8.
AMaximum .dose to an individual 100 meters from the accident,

bApproximately 6000 people are affected by the plume.
Capproximately 105,000 people are affected by the plume.
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the regulations provide protection against, and fewer than 0.2% have fires as
severe. While the total number of accidents statistically expected, at all
levels of severity, is about eight per year, an accident exceeding in severity
the conditions specified in DOT regulations would be expected only about every
140 years (Section 6.7.3).

For the analysis, severe accidents were hypothesized. The severity of
these accidents is so great that they would be expected to occur only once in
40,000 years. Accident analyses were performed for both a small urban area
and a large urban area. They were assumed to happen under atmospheric con-
ditions that would hold the plume of released material together, thus maxi-
mizing the concentration of material, and blow it in the direction of the
densest population, thus maximizing the number of people affected. Details
are given in Section 6.8.

According to Table 4-4, the maximum individual dose commitment that might
be received from any of the hypothetical accidents with TRU waste would be 17.4
rem to the bone. This 50-year dose commitment is more than three times the
bone dose received from natural background radiation during 50 years. The 50~
year dose commitments to other organs would be smaller than the corresponding
doses from natural background. The hypothetical accident with high-level waste
might deliver a greater dose commitment, but shipments of this waste would be
so few that its expected frequency of occurrence is less than once in a
million years.

In all the hypothetical accidents with TRU waste, the 50-year dose commit-

ments delivered to the general population would be smaller than the doses
received from natural background radiation during the same 50 years.

4.2.4 Radiological Impacts During Plant Operation

These impacts are summarized in Tables 4-5 and 4-6 from analyses described
in more detail in Sections 9.3.2 and 9.5.1.

Table 8-5 in Section 8.6 indicates that during normal waste-handling op~
erations the WIPP would release radioactivity to the atmosphere at a rate of
about 0.004 curie per year. The natural radon gas released from the rock
during the mining would enter the atmosphere at a higher rate, about 1 curie
per year.

Because the releases from waste handling are.smaller than .the release from
mining, the consequences shown in Table 4-5 would be expected to be small.
The maximdm individual dose commitment (to the bone) is only 0.0065% of the
dose received from natural background radiation. The whole-body dose commit-
ment is 0.000096% of the dose from background radiation.

A number of possible operational accidents were studied, and Table 4-6
shows the doses that the worst of these would deliver to a person .at the near-
est inhabited point, James Ranch,.-just outside the boundary of the site to the
south~southwest. The worst accident is an underground fire in areas where
contact-handled waste is emplaced. It could expose a person at the boundary
of the site to a bone-dose commitment of about 0.0001% of the S50-year dose
commitment from background radiation.
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Table 4-5. Radiological Impacts of Normal Plant Operation

50-year dose commitment from l-year exposure?
Recipient of exposure : Bone Lung Whole body

Individual living at James
Ranch, the nearest
inhabited pointP 6.5 x 10~6 3.0 x 10”7 1.6 x 10~7

Population within 50 miles .
of the wippcrd 8.8 x 10-3 4.0 x 104 2.2 x 104

‘Source: Section 9.3.2.

8In units of rem for the individual dose and man-rem for the population
dose.

bThe annual doses received from natural background are 0.1 rem to the
bone, 0.18 rem to the lung, and 0.1 rem to the whole body.

CThe population within 50 miles of the repository was taken as 96,000 in
these calculations.

dThe annual population doses from natural background are 9200 man-rem to
the bone, 17,000 man-rem to the lung, and 9600 man-rem to the whole body.

Table 4~-6. Radiological Impacts of Operational Accidents: Dose or Dose
Commitment Received by a Person Living at the Site Boundary?

Dose or dose commitment (rem)?2

Group Bone Lung Whole body
CH-waste area )
Hoist drop 6.0 x 107 1.5 x 10-8 1.5 x 10~8
Underground fire 4.4 x 106 1.0 x 10~7 1.0 x 10~7
RH-waste area
Canister drop in
transfer cell 1.2 x 10-8 6.0 x 10-10 3.6 x 10~10
Hoist drop ,
RH TRU waste 2.1 x 10~7 1.0 x 10-8 6.2 x 1079
Exper imental
high~level waste 1.6 x 10-6 7.3 x 10~7 7.8 x 10~7

Source: Section 9.5.1.
aThe doses received from natural background radiation during the 50 years

of these dose commitments are 5 rem to the bone, 9 rem to the lung, and 5 rem
to the whole body. '

4-10




4.2.5 Possible Long-Term Impacts

During the long term after the WIPP would cease operation and was closed
up, no release of radioactive material to the biosphere would be expected.

Nevertheless, there are a number of possible man-made and natural events
that could cause such a release: the drilling of holes, for example, or fail-
ures of plugs in shafts or holes. Although no release appears likely at the
Los Medanos site, the analysis in this document instead assumes the occurrence
of breaches in the repository and assesses their consequences (Section 9.7.1).

Table 4-7 tabulates the most severe consequences found. Scenario 1 as-
sumes an open hole that connects water-bearing rocks above and below the
waste~disposal level and admits flowing unsaturated water to the waste. Sce-
nario 4 is a so-called bounding case, the worst imaginable release through
flowing groundwater, in which all the water in the rocks of the overlying
Rustler Formation is diverted down to the waste level and then back up into
its original course. Scenario 5 assumes that drilling into the repository
brings up material that exposes the drill crew directly and people on a down-
wind farm indirectly. For each of these scenarios, Table 4-7 shows the dose
or 50-year dose commitment to the maximally exposed individual.

Scenarios 1 and 4 produce 50-year bone-dose commitments that are less than

0.001% of the dose received from natural background radiation in 50 years.

Table 4-7. Consequences to Maximally Exposed Person of Possible Long-Term
Releases of Radiation

Organ receiving Dose received by
Scenario? Type of consequence greatest dose ' organ (rem)

1 Combined effects of Bone 1.3 x 10~3
CH and RH TRU waste
(50~year dose commitment)

4 Combined effects of Bone 2.6 x 10~3
CH and RH TRU waste ’
(50-year dose commitment)

5 Direct pathways Whole body 2.4 x 103
(dose from single _ (CH TRU waste)P
exposure after drilling ' ' , 1.5 x 10~3
through one type of waste) v (RH TRU waste)®
5 Indirect pathways ‘ Bone 2.2 x 1074
(50-year dose commitment) S .~ (CH TRU waste) P
' ‘ o 2.7 x 1074

(RH- TRU waste)b

dAs defined in Section 9.7.1.3.
bDrilling is assumed to occur 80 years after WIPP decommissioning.
CDrilling is assumed to occur 100 years after WIPP decommissioning.
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Scenario 5 presents the possibility of higher doses. It presumes coring right
through the buried waste and exposing the geologist who examines the core.

This person could receive a whole-body dose of 2.4 x 1075 rem if the core ﬁii
holds contact-handled waste or 1.5 x 10~3 rem if it holds remotely handled

waste. If there were a farm nearby, an improbable development, people who

live and subsist on the food produced there could be exposed to bone-dose

commitments of about 3 x 1074 rem. Accordingly, even under very severe pos—

tulated repository breaches, the maximum dose commitments are insignificant.

Although other scenarios for the release of waste have been suggested,
scenario 4 bounds the consequences of other liquid-breach and transport sce-
narios conveivable at the Los Medanos site. Solution-mining release scenarios
postulated for domed salt are not considered conceivable in the bedded salt of
the Los Medanos site because of .the relationship of the repository to geologic
features (i.e., the presence of numerous thin layers of relatively impermeable
anhydrite and polyhalite in the Salado), lack of economic incentive as com-
pared to other salt deposits, and lack of large quantities of water.

The waste to be emplaced in the WIPP would release so little heat that
thermal effects will not threaten its integrity. At the center of the reposi-
tory itself the maximum temperature rise would be less than 2°C at 80 years
after waste emplacement; buoyant forces arising from the heating of the salt
would produce displacements of 10 millimeters at most.

, As the mined cavities close, an area of less than 1000 acres over the

" repository would subside slowly. At the center of this area the surface may
sink by as much as 1.6 feet. Because the natural variations in the terrain
are greater, this subsidence would be little noted. :

4.2,6 Impacts of Removing the TRU Waste from Storage

The removal of the TRU waste from its present storage pads at the INEL is
analyzed in Section 9.8 and summarized in Table 4 8. The analysis includes
processing by slagging pyrolysis.

The largest radiological impacts from each year of normal operation would
be bone-dose commitments of 3.6 x~10‘6 rem to the maximally exposed person
and 0.033 man-rem to the surrounding population. This release would be from
processing by slagging pyrolysis.

Table 4-% shows the consequences of the most severe accidents among those
assumed to occur during the retrieval and the processing of waste. The maxi-
mum dose commitments from accidents would be 0.1 rem (lung) to the maximally
exposed individual and 200 man-rem (lung) to the surrounding population.
These doses would come from a highly unlikely event: an explosion in the
slagging-pyrolysis building coupled with a loss of the confinement afforded by
the building.

The radiological effects of the exposures from normal operation and .from
all but the most unlikely accidents would be far smaller than the correspond-
ing effects from natural background radiation. Nonradiological effects would ‘E}
be limited to minor commitments of manpower ~and other resources.
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Table 4-8. Radiological Consequences of Removing Waste
from Storage and Preparing It for Shipment

Individual - Population
dose commitment? dose commitment?
Process Organb (rem) (man-rem)

NORMAL OPERATION

Retrieval Bone 4.6 x 10-10 4.2 x 10°6
Processing
Pyrolysis Bone 3.6 x 10-6 3.3 x 1072
Repackaging Bone 5.0 x 10=7 4.6 x 10-3
ACCIDENTS
Retrieval Lung 4 x 10_‘4 0.8
Processing
Pyrolysis Lung 0.1 200
Repackaging Lung 2 x 103 0.04

Source: Section 9.8.

agp-year dose commitment received by the organ listed. For rough com-
parisons, the doses delivered by natural background radiation to the whole
body during 50 years are about 7.5 rem to a person and 1 x 106 man-rem to
the ggpulation affected by the processes listed here, about 130,000 people.
rgan that receives the greatest dose commitment.

4.2.7 Summary of Major Impacts

The largest impacts entered in Tables 4-2 through 4-8 are brought together
in Table 4-9. Each impact except land use is compared with some relevant

standard,

such as an existing condition without the WIPP. Radiation doses,

for example, are compared with the doses received from natural background
radiation.

The largest adverse impacts listed are the following:

1.

Denial of mineral reserves. About one-tenth of the known U.S. reserves
of the mineral langbeinite will be kept from exploitation for a time
that may be as long as several decades. Substitutes can, however, be
extracted from brine lakes. Conducting the SPDV program alone would
not result in a long-term denial of mineral reserves.

Possible accidents during transportation. An extremely severe ac-
cident in transporting TRU waste could deliver to a nearby individual
a 50-year dose commitment three times the dose delivered by natural
bacﬂground radiation during 50 years.

Possible long-term releases of radioactivity. If people were to drill
directly into a canister of remotely handled TRU waste after the re-
pository is sealed, the drill-crew geologist might be exposed to a
radiation dose of 1.5 x 10~3 rem; and persons living on a nearby
farm might receive a bone-dose commitment of 3 x 104 rem. If the
repository were breached by flowing water that carried radionuclides
to the biosphere, the maximum dose commitments received by people

‘would be even smaller. Accordingly, using very conservative analyses

of postulated events, it is concluded that the maximum dose commit-
ments are insignificant.
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Table 4-9. Summary of the Major Impacts of the WIPP Repository?®

PHYSICAL IMPACTS

Land use
Temporary 878 acres (121 acres)
Long term 224 acres (48 acres)

Mineral reserves--langbeinite
Temporary denialb

.4 x 106 tons K0  10% of U.S. reserves
Long-term deniaibP 2 x

. 106 tons K0 2.7%
) SOC TOECONOMIC IMPACTS
Jobs, direct and indirect , .
Peak 2137 (124) 4.7% of the two-county
Long term 954 (0) 2.1% employment (1979)
Population changes, direct :
and indirect )
Peak 2250 2.1% ) of the two-county-
Long term 1200 1.1% population (1979)

TRANSPORTATION IMPACTSC
Normal, accident-free

Population dose 6.6 man-rem/yr 0.001% of background
Acciﬁents with TRU waste, : . dose
maximum bone-dose :
commi tmentd
Individual 17 rem . 340% of 50~year
Small urban population 7680 man-rem 26% background dose
Large urban population 13,200 man-rem 2.5%

IMPACTS OF NORMAL PLANT OPERATIONC
Bone-dose commitment
Individual 6.5 x 1076 rem 0.0065% of annual
Population, worst sector 8.8 x 10~3 man-rem  0.000001% background dose

IMPACTS OF OPERATIONAL ACCIDENTSC
Individual bone-dose
commitment from fire »
in disposal area for CH waste® 4.4 x 1076 rem 0.00009% of 50-year
~ background dose

LONG-TERM IMPACTSC
Expected release 0
Drillingf through RH TRU waste

Crew member (bone dose) 1.5 x 1073 rem 1.5% of annual
: : ’ background dose

Farmer (bone-dose commitment) 3 x 1074 rem 0.006%
Drillingf through CH-TRU waste, : .
farmer (bone-dose commitment) 2 x 1074 rem 0.004% of 50-year
'Water carries waste to biosphere,9 background dose
maximally exposed person ‘
(bone-dose commitment) 2.6 x 1075 rem 0.0005%

aThe impacts of the SPDV program, where applicable, are provided parenthet1ca11y.

Quantltles listed are derived from USBM and AIM estimates; see footnotes 4 and e
to Table 4-2

SNo rad1oact1ve materials will be used dur1ng the SPDV program. These.types of
impacts will not occur.

drrom extremely severe hypothetlcal acc1dent with contact-handled or remotely
handled TRU waste.

€The worst of the hypothetical accidents analyzed.

fprilling 100 years after repository is closed, brlnglng waste to surface.

dThe wor=t of the scenarios that assume water breaches the repository and
transports radionuclides.
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4.3 ALTERNATIVE 3, THE PREFERRED ALTERNATIVE: COMBINE THE AUTHORIZED
WIPP ACTIVITIES WITH THE FIRST AVAILABLE
HIGH-LEVEL-WASTE REPOSITORY

Under alternative 3 no repository dedicated to the disposal of TRU waste
is built. Instead, TRU waste stored at the INEL is held until a repository
for high-level waste is built; then the TRU waste is disposed of in the HLW
repository. Sites to be considered for the HLW repository include sites in
bedded salt, salt domes, basalt, granite, shale, and tuff. The Los Medanos
site may also be considered. This alternative is consistent with the program
proposed by the President and with the program described by the DOE in the
Waste Confidence Rulemaking (DOE, 1980). The first HLW repository is planned
to begin operation between 1997 and 2006.

The impacts of alternative 3 are presented from two points of view:
(1) the local changes in impacts (usually increases) that would occur at the
HIW repository because its mission had been expanded to include TRU-waste
disposal and (2) the overall national changes in impacts (usually decreases)
that would occur because one combined repository had replaced two separate
ones—--one for TRU waste only and one for high-level waste.

To present impacts from either point of view, predictions of the impacts
of HIW repositories are needed. To compute them accurately would require for
each site the results of detailed explorations and at least a conceptual de-
sign for the plant to be built there. Programs now investigating the disposal
of high-level waste in salt and other rocks will eventually produce these
basic data and a thorough prediction of impacts. These programs are, however,
still in early stages: no specific sites have been selected, and no conceptual
designs are available. In this section the discussion of HLW-repository im-
pacts is therefore based largely on environmental impacts predicted gener-
ically in the GEIS, the draft generic environmental impact statement for the
management of commercially generated radiocactive waste (DOE, 1979b). The
information from the GEIS is supplemented where possible by more recent data
or estimates from the ongoing programs. The predictions available from these
sources describe the impacts of the HIW repositories alone, without the ad-
dition of defense TRU waste. The predictions made in this section assume an
HIW repository like those described in the GEIS but modified and enlarged to
accept the defense TRU waste that would go to the WIPP if alternative 2 were
followed. The analyses assume that the rep051tory is in bedded salt in the
Delaware basin, in dome salt in the Gulf interior region, or in/ basalt at
Hanford. If a site is selected in salt or basalt at some other location, the
impacts are likely to be similar; impacts at locations in other media would be
less similar.

Tables 4-~10 and 4-11 present the impacts of alternatlve 3 from the two
points of view. Table 4-10 descrlbes‘changes in the predicted local impacts
of an HLW repository if it is expanded to accept TRU waste. Table 4-11 de-
scribes differences in impacts on a. national scale. By combining the im-
pacts of the WIPP with -those at the  expanded HIW-repository, alternative 3
would generally achieve a reduction in overall impacts; for this reason most
of the entries in Table 4~11 are decreases.
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Table 4-10. Local Impacts of Alternative 3: Changes in Predicted Impacts at
' an HIW Repository Because of the Addition of TRU-Waste Disposal
Change
At HIW repository At HIW repository in
Impact in salta basalt at Hanford .

Physical impacts
Land use, excluding
rights-of-way
Resources
Construction materials
Water and electricity

Liquid fossil fuels
Effluents
Mined-rock pile
Conflict with
mineral resources

Socioeconomic impacts
Construction costs
Operating costs

Work force
Population changes
and service demands

Transportation impacts
Radiation doses from
normal transportation

Radiation doses from
accidents

Impacts during operation
Routine radiation doses
to population
Radiation doses from
accidents

Possible long-term impacts
Possibilities for breach
of repository

Increase of less than
6% (25 acres)

Increase of perhaps 30-50%

Substantial increase:
water 90%, electricity
25% .

Increase of about 2%

Small increase: 3-10%

Small size increase: 7%

No conflict in Gulf inte-
rior region; no addi-
tional conflict in
Delaware basin

Small increase: 25%
Possible increase up to
30%
Increase of perhaps 35%
Increase probably not
a significant impact
on resources of area

Little change; increased
population dose spread
over many people

Small increase in
probability of an
accident ’

Little change

No change that would produce
doses comparable to
those from natural
background radiation

Scenarios similar to
those at the WIPP; site
selection will insure
no increase in predicted
risk : i

Increase of less than
4% (25 acres)

Increase of up to 40%

Substantial increase:
water 1108, electricity
35%

Increase of about 2%

Small increase: 3-10%

Slight size increase: 3%

Probably no conflict

Small increase: 8%
Small increase:
less than 15%
Increase of perhaps 27%
Increase probably not
a significant impact
on resources of area

Little change; increased
population dose spread
over many people

Small increase in
probability of an
accident

Little change

No change that would
produce doses comparable
to those from natural
background radiation

Scenarios different
from those at the WIPP;
site selection will
insure no increase
in predicted risk

3pome salt in the Gulf interior region or bedded salt in
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4.3.1

Table 4-11. National Impact of Alternative 3: Differences Between the
‘ Impact of an Expanded HIW Repository and the Combined
Impacts of ‘Separate Repositories for High-Level Waste and
for TRU Waste
Difference
Expanded HIW repository Expanded HIW repository in
Impact in salt? basalt at Hanford

Physical impacts
Land use, excluding
rlghts—of-way

Resources
Construction materials
Water and electricity
Liquid fossil fuels

Effluents

Mined-rock pile

Conflict with
mineral resources

Socioeconomic impacts

Construction costs

Operating costs

Work force

Population changes
and service demands

Transportation impacts
Radiation doses from
normal transportation

Radiation doses from
accidents

Impacts during operation
Routine radiation doses
to population
Radiation doses from
accidents

Possible long-term impacts
Possibilities for breach
of repository

Decrease of about 15%

Decrease of perhaps 20-25%
Decrease of perhaps 15-35%
Decrease of less than 3%
Little difference
No difference in total
volume
In Gulf interior region,
removal of conflict;
in Delaware basin, no
difference in conflict

Small decrease: perhaps 17%
Decrease: perhaps 20%
Decrease: about 10%

Little difference

Predicted small increase:
1 man~rem over several
million people

Little difference

No difference

No difference

Site selection will in-
sure no -increase in
pred1cted risk

Decrease of about 10%

Decrease of perhaps 15-20%

Decrease of perhaps 20-35%

Decrease of less than 4%

Little difference

No difference in total
volume

Removal of conflict

Small decrease: perhaps 7%
Decrease: perhaps 10%
Decrease: about 10%

Little difference

Predicted small decrease:
1 man-rem over several
million people

Little difference

No difference

No difference

Site selection will
insure no increase in
predicted risk

apome salt in the Gulf interior region or bedded salt in the Delaware basin.

Assumgtions

P

¢ ' ’
Each of the expanded rep051tor1es w1ll receive spent fuel, defense high-

level waste, and a lesser amount.of other high~level waste such as spent-fuel
cladding; it will handle about 45 'to 65 HLW packages per day. It will be
designed -to receive defense TRU waste at -the  rates for which the WIPP has been
designed: 1.2 million cubic feet per- year of contact-handled waste with three-
shift-a-day operation and 10,000 cubic feet per year of remotely handled
waste. The extra buildings required for TRU-waste disposal will not be so
numerous as those in the complete WIPP plan, because many of the WIPP build-
ings--the administrative buildings, for example--will not need to be dupli-
cated. Furthermore, the designs for the WIPP include provision for remote
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handling ‘that will not need to be duplicated ‘in the extensive HLW-handling
areas./ Théiexpanded rep051tor1es will. requlre an extra shaft for moving TRU
waste underground. o : ‘ @

The extra underground excavation required at an HLW repository in salt
will be exteénsive--approximately the entire 2 million tons of salt proposed in -
the WIPP design. The excavation estimate for an HLW repository in a Gulf in-
terior salt dome calls for the removal of 33 million tons of 'salt (DOE, 1979b,
p. 3.1.102). The excavation for TRU waste, to be performed on a second level
in the dome, will therefore add about 6% to the excavation for HLW emplace-
ment. A similar increase will be needed at a repository in theé Delaware basin.

Because heat-producing waste can be emplaced more densely in basalt than
in salt, more waste can be put in a basalt ‘repository than in a salt repos1—
tory, and the basalt ‘repository will operate longer; for this reason the GEIS
predicts that 90 million tons of basalt will be removed. The addition of
TRU-waste disposal will add roughly-2% to the mined weight, or about 3% to the
mined volume, since basalt is roughly 20% more dense than salt. There will be
no separate level for the disposal of TRU waste, which will be emplaced at the
same depth as high-level waste; the 3% increase in mined volume will therefore
come from a horizontal expansion of the 31ngle HIW level assumed in prellml—
nary plans for a basalt repository.

4.3.2 Physical Impacts

The GEIS assumes that land preempted for an HLW repository, not including
rights-of-way, will total about 440 or 700 acres in salt or basalt, respec-
tively (DOE, 1979b, p. 3.1.107). The comparable area at the Los Medanos site
is about 110 acres (Section 9.1.1); the total addition to the HLW repository
would probably not exceed 25 acres because most of the WIPP land uses listed
in Section 9.1.1 would not have to be duplicated. The local increase in land
use at the HIW-repository site would therefore be less than 6%. On a national"
scale, the land used would decrease by 10% to 15% from the land used by the
Separate rep051tor1es for hlgh ~level and TRU waste.

The’resOUrces used in building the expanded repository for both high-level
and TRU waste would not be greatly increased over those used for the HLW re-
pository alone. The amounts of construction materials needed depend sensi-
tively on details of the plant design. The GEIS predicts (DOE, 1979b, pp.
3.1.113, 116), for example, the use of 15,000 tons of steel for the first HLW
repository in salt and 20,000 tons for the first repository 1n basalt; the .
comparable ‘figure for the WIPP facility is 15,000 tons, only a fraction of
which will ‘be required at the expanded repository. If this fractlon is )
roughly 0.5, the local increase in steel use would be about 50% at the dome-
salt repository and about 40% at the basalt repository; the local increases in
the use of copper (40% and 30%) and lumber (30% and 22%) would be smaller. On
a national scale, the use of resources in construction would decrease; the de-
creases would range from 20% to 25% in salt and from 10% to 20% in basalt.

The resources used in operating the WIPP would be comparable to those used
at HIW repositories. The GEIS predicts (DOE, 1979b, p. 3.1.116) electrical
power demands of 43,000 and 29,000 kilowatts at the salt and basalt'repoéi—' ‘ ‘ii
tories; the WIPP estimate of 20,000 kilowatts suggests that the use of electri-
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cal power at the expanded repository might be substantially increased over the
GEIS estimates--perhaps by 25% to .35%. Water use at the WIPP, estimated at
roughly 6.5 million gallons per year, is larger than the uses predicted by the
Q.} GEIS: 3.5 and 3.0 million gallons per year. On the other hand, the annual use
of liquid fossil fuels at the WIPP (200,000 gallons) would be so much smaller
than the use at HLW repositories (3.3 and 1.9 million gallons per year) that
the incremental impact of TRU-waste disposal would be negligible. The entries
in Tables 4-10 and 4-11 assume that half the use of resources predicted for
the WIPP would occur at the expanded repository.

The amounts of effluents released during the operatlon of the WIPP would
be small compared to those released from HLW repositories in salt and basalt.
The GEIS predictions (DOE, 1979b, p. 3.1.117) for the release of nitrogen
oxides, for example, are 625 and 565 tons per year; the WIPP prediction is
only 49 tons per year. The GEIS predictions for particulate emissions
(excluding dust) are 41 and 40 tons per year; the comparable WIPP prediction
is only 3.2 tons per year. An expanded repository would:accordingly produce
only slightly more effluents than an HIW repository, and llttle decrease in
national 1mpacts would result from alternatlve 3.

The mined—rock_pile would be larger at an expapdea repository than at an
HLW rep051tory. About 6% more rock would be added to the pile if TRU~waste
d1sposal were added to an HIW repository in salt. At an expanded repository
in basalt, the pile would be only slightly larger than the pile predicted by
the GEIS. Although this basalt pile would be three times as large as the pile
predicted for an HIW repository in salt, a comparison of the two piles cannot
rest only on their volumes. In the humid climate near the Gulf of Mexico
measures must be taken to contain or remove the pile, which would otherwise
wash onto the surrounding land. At Hanford, which has a dry climate, the
basalt pile can probably be left standing at the surface.

Conflict with mineral resources may not be an impact of the expanded repo-
sitories in salt domes or basalt. Although hydrocarbon resources are some-

» times found near salt domes, none exist within or beneath the domes them-
selves. No mineral resources are thought to exist beneath the basalt at
Hanford, though further exploration would be required to establish this expec-
tation rigorously. The conflict with mineral resources beneath the Los Medanos
site would probably continue at an.expanded repository in the Delaware basin.

4.3.3 Socioeconomic Impacfs_

The socioeconomic 1mpacts of addlng TRU-waste dlsposal to an HLW reposi-
tory stem from the expenditure of add1t10na1 money" ‘for construction and
operatlon and from: the creatlon of addltlonal Jobs.

The GEIS estlmates (DOE, 1979b, p. 3 l 133) onstructlon costs of $1000
million and $3100 million for HLW rep051tor1es :in 'salt .and basalt, respec-
tively; the WIPP design and construction.cost is $497 m11110n. If roughly
half of the WIPP costs ,were to be incurred in the additions to an HLW re-
pository, the local increases in- .construction costs would amount to about 25%
and 8% in salt and basalt, respectively; the national cost reductions would be

6;} about the same percentages. The changes in impacts arising from construction
costs would therefore be barely appreciable.
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The GEIS estimates (DOE, 1979b, p. 3.1.134) operating costs for a salt .
repository at $590 million over 15 years and for a basalt repository at $2390
million over 24 years. The corresponding cost for the WIPP, over 25 years,
would be $600 million. To predict accurately the operating cost of an ex-
panded repository. for both HLW and TRU waste would require a careful estimate

. of the fraction of the WIPP cost to be added to the HLW repository cost. In

the absence of designs for an expanded repository, this prediction is diffi-
cult to make. Since the two predicted operating costs of separate reposi-
tories in salt are roughly equal, the operation of the expanded repository

in salt might be as much as 1.3 times as costly as the operation of an HLW
repository there. At a basalt site the added cost of operation would -probably
be less than 15% of the original cost. Under these assumptions, the national
reductions in operating costs might be 26% and 10% in salt and basalt,
respectively.

A prediction ‘of the work force at an HLW repository is uncertain:because
the plant designs are 'still in early stages. The GEIS predicts (DOE, 1979b, -
p. 3.1.127) 870 employees at an HLW repository in salt; other, unpublished,
estimates range from 1000 to 1500. The GEIS predicts 1100 employees at an HLW -
repository in basalt. Of the 440 employees predicted for WIPP operation,
probably all the underground workers (140) would be needed at an expanded
repository; .an undetermined number of the 300 employees at the surface would
also be needed. Under the assumption that about 150 of these WIPP surface
workers would be needed, the number of jobs added to an HLW repository would
be -about 300, an addition of 35% at a salt repository and 27% at a basalt
repository. The national reductions in work force would be about 10% at
either repository. :

These increases in the work force would increase the socioeconomic impacts -
predicted for the HIW repositories. The GEIS predicts these impacts in terms
of the number of people expected to move into the area around a repository and
in terms of the increased demands for social services. Its predictions of
these impacts vary among the repositories because the sites are in different
areas of the United States. For example, the impacts are generally smaller
at sites in the southeast than in the southwest; for this reason the socio-
economic impacts of the WIPP cannot be added directly to those of the dome-salt
repository. Since none of the socioeconomic impacts predicted by the GEIS are
likely to strain the resources of the areas near the repositories, the addi-
tion of TRU-waste disposal to HLW repositories would not severely affect those
areas. The national impacts would change little.

4.3.4 Radiological Impacts.of Transportation:

The added impacts of transporting TRU waste to an HLW repository have been
predicted by calculations of the population dose commitments that would result
from shipping defense TRU waste to the Gulf interior region and to Hanford.
Performed by the methods used in Section 6.7 to analyze normal transportation,
these calculations predict dose commitments of 7, 8, and 6 man-rem .for the
transportation of TRU waste to the Delaware basin, to the Gulf interior re-
gion, and to Hanford, respectively.’ According to these figures, the impacts
of transportation would, in principle, be barely larger in the Gulf interior
region and smaller at Hanford; the smaller "impact of transportation to Hanford
is ‘due primarily to the short distance between Hanford and the INEL, the

4-20




primary source of TRU waste. On a national scale, the population dose commit-
ments could be barely reduced by placing an expanded repository at Hanford;
they would be increased by carrying the INEL waste to the Gulf interior region
instead of the Delaware basin. Since all these population dose commitments
are spread over several million people, there would be little change in trans-
portation impacts, either locally or nationally, if alternative 3 is selected.

Because the addition of TRU-waste disposal to an HIW repository will re-
quire an increased number of shipments, the probabilities of transportation
accidents on the way to the expanded repository would be greater than the prob-
abilities associated with transportation to an HLW repository. If the HIW
repositories receive 50 HLW packages each day, however, the added 2 packages a
day of TRU-waste shipments will not greatly increase these probabilities. The
possible accidents with TRU waste would not change. On a national scale, the
probabilities would change slightly because of the changed distances.

4.3.5 Radiological.Impacts During Plant Operation

The GEIS predicts (DOE, 1979b, p. 3.1.120) that emissions of radioactivity
from an HLW repository, whether in salt or in basalt, will contribute a 70-
year dose commitment to a regional population that will be no more than 100
man-rem. Since the corresponding dose commitments from WIPP operation are
much smaller than 100 man-rem, adding TRU-waste disposal to an HLW repository
would add little to the local impacts- of routine operation; the same amounts
of TRU waste would be handled in either the expanded repository or the sepa-
rate repositories. Alternative 3 would offer no change in routine emissions
on a national scale.

The consequences of accidents at an expanded repository for high-level and
TRU waste would be dominated by the consequences of dropping a spent-fuel
canister--the accident identified as the most severe at the HLW repositories
examined in the GEIS (DOE, 1979b, p. 3.1.125). Because this accident is more
severe than any of the WIPP handling accidents, adding TRU-waste disposal to
an HIW repository would not make possible any additional accidents of greater
severity than those already possible there. Handling the TRU-waste packages
would increase the probability of an accident with waste of lower activity
than spent fuel; as pointed out in Table. 4-6, however, the population dose
commitments from such accidents are much smaller than those from natural
background radiation.

4.3.6 Possible Long—Term Img§cts o

As at the WIPP or at an HLW repository, no long-term release of radio-
active material is expected at an-expénded”fepositorybf Analyses of the con-
sequences of hypothetical -releases from HIW répositories are nevertheless
under way; using methods similar to those of Section 9.7.1, these studies will
postulate scenarios and determine their consequences. ’

The scenarios for release from salt domes in the Gulf interior region will

probably be similar to those postulated in the WIPP studies (Section 9.7.1);
most of them will involve intrusion by water that dissolves the salt and
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carries the waste. Some of the hypothetical events that breach the expanded
repository will be different from the WIPP events because salt domes and salt

beds have different geologic and hydrologic characteristics. Concern has been éii
expressed for other potential long-term impacts of an HLW repository in a salt

dome. Solution mining in the future could result in high radiation exposures

if it inadvertently encountered the emplaced waste and if the radioactivity in

the salt, used in food, were not detected. Extensive solution mining of an

HLW repository is probably not credible, however, because of the markers and
engineered barriers that will protect the sealed repository from inadvertent

intrusion (DOE, 1980, p. II-225).

The scenarios for release from Hanford basalt will be much different from
the WIPP scenarios., Because basalt is practically insoluble and shows little
plasticity, the hypothetical events that introduce and drive the water are
likely to be différent; for example, flow along existing joints can be postu—
lated in basalt, but not in salt. The effects of glaciers will appear in the
scenarios for basalt. Direct drilling into a basalt repository is even more
unlikely than drilling into a salt repository.

Although the conceivable mechanisms for breaching a repository are clearly
different among the bedded-salt, dome-salt, and basalt sites, there is at
present no evidence that any of the sites is safer than the others. Although
each site has characteristics that could conceivably give rise to a breach of
a repository in the far-distant future, the probability is low that such a
breach could produce hazardous releases of radiocactive material.

At an expanded repository for both TRU and high-level wastes, the effects
of spent fuel would dominate the impacts of long-term releases; the releases
from spent fuel have much more severe effects than the releases from TRU
waste. Adding TRU-waste disposal to an HLW repository would barely increase
the effects of long-term release. More important, no site will be selected if
it appears to offer significant risks from long-term releases of either high-
level or TRU waste.

4.3.7 Potential Use of the Los Medanos Site

Under alternative 3, the Los Medanos site could become a potential site of
a repository for commercial high-level waste and defense TRU waste. The Los
Medanos site does not appear to be in conflict with the draft criteria of the
National Waste Terminal Storage (NWTS) program for qualifying sites for the
disposal of commercial high-level waste (ONWI, 1980). Moreover, although the
analyses of environmental impacts have focused on the use of the site for TRU
waste, interpretations of the results of these evaluations have not developed
any information that would eliminate the Los Medanos site as a potential site
for an HIW repository.

Before there can be any decision to "bank" the Los Medanos site for possi-
ble use under the NWTS program as a site for the disposal of high-level waste,
an environmental impact statement would have to be prepared (DOE, 1980). ‘The
analysis that would underlie this statement has not been done, but an idea of
the effects at the Los Medanos site can be obtained by a comparison of infor-
mation from the WIPP des1gn and from the GEIS. Gis
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This comparison differs from that made in Sections 4.3.2 through 4.3.6 in
that the point of view is the addition of high-level waste to a TRU-waste re-
pository rather than the addition of TRU waste to an HLW repository.

No more land would need to be withdrawn, although the surface facilities
could be four times as large, including a mined-rock pile 10 to 20 times as
large. Because control zone II would remain 2000 acres in size, its inter-
ference with mineral resources would be unchanged.

Construction and operation would cost twice as much. The size of the work
force would double. The use of resources would increase.

Transportation impacts would increase. The transportation of high-level
waste would increase routine exposures and the probability of accidents; the
increases would be similar to the exposures and probabilities predicted by the
GEIS for an HLW repository. 1If an accident of extreme severity should occur,
it could, in principle, be more severe than the accident postulated for the
WIPP because there would be a larger amount and variety of radionuclides in a
spent-fuel package than in an experimental-waste package.

During normal operations, careful handling of high-level waste will keep
radiation doses to the surrounding population small. An accident with high-
level waste would probably release more radioactivity than an accident in a
repository for TRU waste alone.

The use of the Los Medanos site for HIW disposal would increase the pre-
dicted radiation exposure from hypothetical liquid-breach scenarios, mostly
because of the much greater total quantity of radionuclides in a 2000-acre HLW
repository than in a 100-acre TRU~waste repository. The direct-access sce-
nario in which someone drills through an HIW canister would result in much
higher radiation doses than the scenario for drilling through a TRU-waste
canister.

The impacts of a subsurface exploratory program at the Los Medanos site
for a potential HIW repository would be equivalent to those of the SPDV
program described in discussing the impacts of alternative 2 and would be
included in and bounded by the impacts of an HIW repository.

4.3.8 Summary and Compar isons

Adding TRU-waste disposal to an‘HﬁW_fepositqry‘in%a Delaware basin salt
bed, a Gulf interior region salt dome, or basalt at Hanford would slightly in-
crease the local environmental impacts of the HLW repository. ‘The" local physi-
cal impacts would increase by fractions of the original impacts, probably no
more than 50% and, for most of -the impacts, much less. The local socioeco-
nomic effects might increase apprec1ably around the salt-dome site because the
expenditures for TRU-waste dlsposal mlght be a 51gn1f1cant fraction of the
costs of HLW disposal ‘there; 'at a basalt ‘site, where operatlng costs are
higher, the added impacts would be smaller. The predicted exposures during
the transportation of TRU waste to a salt dome are barely larger than the ex-
posures during transportation’ to the ‘Los Medanos site; the exposures during
transportation to Hanford are barely smaller. None of these exposures is,
however, comparable to exposures from natural background radiation. The pre-
dicted releases of radioactivity during repository operations with TRU waste
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are so small that they would not be a significant addition to the predicted

small releases from an HIW repository. There is no reason to expect that add-
ing TRU waste to an HLW repository in either salt or basalt would appreciably ﬁii
increase the probability of long-term releases of radioactive material.

At a site selected .in the salt of the Delaware basin or the Gulf interior
region or in the basalt at Hanford, the local impacts are likely to be similar;
the principal differences would probably arise from differences in climatic
conditions affecting the mined rock stored at the site and from differences in
socioeconomic conditions around the site. The effects of breaching the repos-
itory in the distant future may differ from site to site; they cannot be
evaluated, however, until specific sites have been selected.

At a site in shale, granite, or tuff, the local impacts are likely to be
different. The GEIS (DOE, 1979b, pp. 3.1.104ff) analyzes HLW repositories in
shale and granite; that analysis, which does not consider specific sites,
predicts impacts about like those of the salt and basalt repositories. Until
further study of shale, granite, and tuff has been carried out and sites have
been identified, the impacts of repositories in them cannot be predicted.

No analyses performed to date have suggested environmental reasons for re-
jecting these types of rock.

On a national scale, the disposal of TRU waste in an expanded HIW reposi-
tory would decrease some of the impacts of operating separate HIW and TRU-waste
repositories. The physical impacts would be reduced by amounts ranging up to
40%. The predicted socioeconomic impacts, many of which are beneficial to the
local communities and states involved, would decrease by amounts ranging up to
25%. The impacts of transportation would be slightly greater if the expanded-
repository site is in salt than if it is in basalt; the difference would, how~
ever, produce effects far smaller than those of natural background radiation.
On a national level, there would be no difference in impacts from repository
operation or, probably, from unexpected long-term releases of radioactivity.

4.4 ALTERNATIVE 4: A DEFENSE-WASTE FACILITY BUILT AFTER THE
CONSIDERATION OF SITES IN ADDITION TO LOS MEDANOS

If the decision to build a facility for defense TRU waste is deferred
until approximately 1984, additional sites will have been investigated. If
these sites are suitable, it will then be possible in principle to choose a
site in the Delaware basin or some other part of the Permian basin, the Gulf
interior region, or Hanford. This section predicts the environmental impacts
of repositories in these places. A full discussion of impacts at a site in
the Delaware basin is not needed here, because they are discussed in Section .
4.2; selecting a Delaware basin site in 1984 would simply delay the onset of
the impacts. The effects of this delay are discussed in Section 4.4.1. Sec-
tion 4.4.2 discusses the impacts of TRU-waste repositories in dome salt and in
basalt. The impacts of a subsurface exploratory program to verify the suita-
bility of the Los Medanos site under this alternative would be the same as
those discussed for the SPDV program under alternative 2.
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4.4.1 Impacts of Delaying the Authorized WIPP Project

The environmental impacts discussed in Section 4.2 are largely independent
G.} of the time when construction of the WIPP begins. For that reason the issues
involved in delay are primarily other than environmental.

Delay of a project can be environmentally helpful if the time gained can
be used to decrease the environmental impacts of the project; delay in the WIPP
program, however, is not expected to reduce the impacts. Studies at the Los
Medanos site will continue as needed whether or not the project is delayed, but
the supplemental information these studies will provide is not expected to
change the predicted impacts and risks significantly. Rather, this information
will improve confidence in the risk predictions and narrow the uncertainties in
them. Bounding calculations using the existing data are already sufficient to
evaluate the potential impacts of the WIPP. :

If the WIPP were delayed, the amount of TRU waste stored above the ground
at the INEL would increase by .about 10% per year at current generation rates,
with corresponding increases in the costs of the current temporary-storage
methods.

A major impact of delaying the WIPP would be the cost of closing out the
current project and then reopening it several years later. To end the current
programs would require carefully compiling, cataloging, and storing for future
use all the documents already developed; negotiating and payving contractors'
fees; and reimbursing contractors for the costs they will incur in terminating
the programs. The total close-out cost is estimated at $3.2 million.

After a delay of roughly 4 years, the costs of designing and building the
WIPP would have increased. 1Inflation, estimated at 8% per year for this anal-
ysis, would increase all the currently estimated costs of design, developing
special waste-handling equipment, and constructing the plant. Moreover, re-
starting the design would require funds for assembling a new design team; it
would also be necessary for this new team to review the earlier design work
and revise it according to whatever new standards and methods have become
applicable since the closing of the project. After the addition of a 25% con-
tingency allowance to cover any other possibilities, the estimated cost of
restarting the project would amount to an - increase of $25 million (excludlng
inflation and including the $3.2 million close—out cost) ‘over presently
estimated costs. :

Two alternatives have been con51dered for delay in remov1ng TRU waste from
the INEL, where it is now stored:: . -

1. Deléying retrieval and processing until the waste is to be moved.

2. Retrieving the waste in the near future, processing it, and putting
it into storage for the duration of the delay.
‘ . S . N ,
The differences between the environmental effects-of these alternatives
have been shown to be minimal in an -analysis of INEL-waste that assumed a
20-year delay for the first alternative and a starting date of 1985 for the
second (DOE, 1979a, pp. 2-10 through 2-21). .Even a 20-year. delay would cause
GE; virtually no change in the environmental effects and radiological risks as-
sociated with retrieving, processing, and shipping TRU waste to -the WIPP or
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another Federal repository. The radiological risk from the first alternative
is negligibly larger than the risk from the second; the radiological exposures
of either alternative would be much less than those from natural background
radiation. The nonradiological effects would generally be limited to those
associated with a commitment of manpower and-the use of other resources.
Maintenance and surveillance will be required even 1f the waste is left in
place, as is.

Some degradation of the waste containers at the INEL could occur if re-
trieval were delayed for 20 years, but no release of radionuclides to the
environment would be expected. Leaving the waste in Idaho for 20 years would
slightly increase the probability of the release of radionuclides as a result
of an improbable natural disaster. The risk, however, is small in comparison
with that from natural background radiation. ' S

Of the two delay alternatives, delaying retrieval at the INEL would cost,
in constant dollars, an estimated $6 million less than retrieving and process-
ing immediately (DOE, 1979a, p. 15-5). However, the cost savings would be
only about 3% of the total cost of removing the waste from Idaho.

4.4.2 1Impacts of TRU-Waste Repositories

If a TRU-waste repository is built in bedded salt in the Permian basin, in
a salt dome in the Gulf interior region, or in basalt at Hanford, the general
design of the plant would remain nearly the same as the WIPP design. The rates
at which the waste is received and the handling methods would change little,
if at all. The predicted environmental impacts would also change little; the
changes would result mostly from differences in rock types, surrounding areas, -
and transportation routes.

Because there are no conceptual designs for TRU-waste repositories in dome
salt and basalt, predictions of the changes in impacts must be qualitative.
Table 4-12 compares the impacts of TRU-waste repositories at the alternative
sites with the impacts of the WIPP (Section 4.2). Because the two alternative
repositories in salt would exert similar impacts, Table 4-12 presents their
impacts in only one column and notes differences where they are appreciable.
The remainder of this section explains the entries in Table 4-12.

Physical impacts

Because the plant design and the operating methods will probably remain
the same, a TRU-waste repository in a salt dome or in basalt would exert nearly
the same physical impacts as a TRU-waste repository in bedded salt. The prin-
cipal differences would appear in the effects of the mlned—rock pile and in
the conflict with mineral resources.

Although the mined-rock pile would be the same size at both sites in salt,
the humid climate in the Gulf interior region could change its impacts. The
impacts of the salt pile in the Delaware basin are expected to be small
(Section 9.2), principally because of the dry climate there. Because’ heavier
rainfall could, in theory, wash the mined rock onto surrounding land, prelim-
inary plans for an HLW repository in the Gulf interior region involve special
precautions to contain the pile. As another precaution, the salt not needed
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Table 4-12. Changes from the Authorlzed—Alternatlve Impacts if a TRU-Waste
Repository Is Built in Salt or Basalt

Change
Repository in basalt
Impact ' Repository in salt® at Hanford
Physical impacts
Land use No change No change
Resources used No change No change
Effluents No change No change

Mined-rock pile

Conflict with
mineral resources

Socioeconomic impacts
Construction costs
Operating costs
Work force
Population changes and

service demands

Transportation impacts
Radiation doses from
normal transportation

Radiation doses from
accidents

Impacts during operation
Routine radiation
doses to population

Radiation doses from
accidents

Possible long-term impaéts -

pPossibilities for

breach of repository -

_ Scenar ios sim;lar to those

No size change; extra
measures necessary to
contain pile in Gulf
interior region

Much reduced in
Gulf interior region;
perhaps reduced in Permian
basin, depending on site

No change

No change

No change

Ssignificant decrease in
Gulf interior region;
little change in Permian
basin, depending on site

No appreciable change in these
small doses: 30% increase in
Gulf interior region, and
1ittle change in Permian
basin

No change

Increase in Gulf interior
region because of larger
surrounding population;
little change in. Permian
basin; no change in
maximum doses, all well
‘below ‘background .

Same as for routine.doses

at WIPP; "site selection
will insure no increase
in predicted risk

Possible small decrease
in size; little possibil-~
ity of contaminating land

None known

Increase

Increase

Little change
Significant decrease

No appreciable change:
10% decrease

No change

Increase because of
larger surrounding
population; no change
in maximum doses, all
well below background

Same as for.routine doses

o Scenarxos dlfferent from

‘those at WIPP; site se-
lection will insure no
increase in predicted risk

2pome salt in the Gulf interior region or bedded salt in the .Permian basin.
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for backfilling would probably be removed from the site. These measures would
probably keep the impacts of the mined rock from exceeding the impacts esti-
mated for the Delaware basin site,

A basalt mined-rock pile may be slightly smaller because the storage cav-
ities in the competent rock may be mined at a higher extraction ratio, with
less necessity for strong pillars between tunnels. Furthermore, a basalt pile
is not expected to be as damaging to surrounding land as a salt pile mlght be,
especially in the arid climate of Hanford.

Conflict with mineral resources is one of the principal impacts of a re-
pository in the Delaware basin. A repository elsewhere in the Permian basin
might or might not exert this impact, depending on the specific site. A re-
pository in dome salt, which overlies no valuable mineral deposits, would not
exert this impact. Although it is not completely certain that no mineral
resources lie beneath the Hanford basalt, no evidence has suggested -that they
are present.

Socioeconomic impacts

The impacts resulting from expenditures for construction and operation
would change little if the TRU waste is disposed of at the alternative sites.
These costs would be greater at Hanford because mining hard rock is more expen-
sive than mining salt; a reliable prediction of the difference in cost would
require a conceptual design for a TRU-waste repository there.

The size of the work force would probably not change unless the increased
difficulty of mining basalt requires a significantly larger group of miners at
Hanford. The population changes and demands for additional services will be
smaller than those in the Delaware or the Permian basins because of the larger
work force and increased social services already available in the Gulf in-
terior region and at Hanford.

Transportation impacts

The impacts of transporting TRU waste to the alternative sites have been
evaluated through calculations of population dose commitments. Performed by
the methods used in Section 6.7 to analyze normal transportation, these cal-
culations predict dose commitments of 7, 9, and 6 man-rem for the transporta-
tion of TRU waste to the Delaware basin (assumed to represent the Permian
basin), to the Gulf interior region, and to Hanford, respectively. Since all
three dose commitments are small, there would be little change in the
transportation impacts summarized in Section 4.2. :

- The analyses of transportation accidents in Section 6.3 remain valid for
alternative 4 because the same materials would be shipped in the.same types of
containers.

Impacts during operation

The normal release of radioactivity during routine plant operations would
remain unchanged if the plant is built at one of the alternative sites. The
maximum dose commitments received by persons near the plant would also remain
the same. The total population dose commitment, expressed in man-rem, would
increase because the population densities in the Gulf interior region and near
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Hanford are greater than the population density in the Delaware basin. Because
the dose commitments will remain much smaller than those from natural back-
ground radiation, the predicted effects of routine plant operation would change

Q little.

The accidents postulated for the repository would remain the same at any
of the alternative sites. Except for delivering doses to the larger popula-
tion, their consequences would also remain unchanged, and no doses comparable
to those from natural background radiation would be expected.

Possible long-term impacts

As explained in Section 4.3, the scenarios for breaching a decommissioned

. repository in the distant future will differ among the alternative sites,
which have significantly different geologic and hydrologic characteristics.
The development of these scenarios is now under way. The scenarios for breach-
ing a dome-salt repository will probably resemble those postulated for the
WIPP, with possibly more concern given to solution mining for the reasons dis-
cussed in Section 4.3; the scenarios for breaching a basalt repository are
likely to be much different. Until these scenarios are completed and detailed
analyses are carried out, no rigorous comparison of the long-term impacts of
TRU-waste repositories at the alternative sites can be made. Studies to date,
however, have shown no reason to expect that any of the sites is clearly safer
than the others. No long-term releases are expected from any TRU-waste
repository.

Summary

The environmental impacts of a defense-waste facility at one of the
alternative sites would be nearly the same as the impacts of such a repository
in the Delaware basin. The principal differences in the predicted impacts are
due to the different mined-rock piles, to the absence of valuable mineral
resources at the alternative sites, and to the different socioeconomic con-
ditions prevailing in the alternative regions.

4.5 TABULAR COMPARISON OF ALTERNATIVES

Table 4-13 lists in highly condensed form the major impacts of the author-
ized alternative; it compares these impacts with those of alternatives 3 and
4. This summary of the material presented in this chapter omits many facts
that must be considered in comparing the alternatives. The table is an over-
simplification unless used with the discussions and tables presented in the
rest of the chapter.

Alternative 1, the no-action alternative, would be expected to exert only
small environmental impacts in the short term, during the next several dec-
ades, barring an unlikely natural catastrophe. In the long term, however, it
is environmentally unacceptable as an option for the permanent disposal of TRU
waste because it leaves the waste at the surface, exposed to possible volcanic
action or human intrusion. Although the remaining three alternatives have

Gii impacts that are predicted to be small in both the short term and the long
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term, none of them is so clearly superior to the others that it can be se-

lected on environmental grounds alone. Alternative 2, the WIPP in. south-

eastern New Mexico, is the alternative authorized by legislation. Alterna-

tive 3, the disposal of the TRU waste stored at the INEL in the first HLW iii
repository, is the preferred alternative because it is the one that is the

most compatible with the President's proposed national program for the

management of radioactive waste. The environmental impacts of alternative 4

would be comparable to those of alternative 2.
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Table 4-13.

with the Environmental Impacts of Alternative 2

Compar ison of the Environmental Impacts of Alternatives 3 and 4

Alternative 2

Alternative 3

Alternative 4

Basis for comparison
with alternative 2

Physical impacts.

Socioeconomic impacts

Radiological impacts
of transpor;ation
and operation

Withdrawal of about 1100
acres now used for grazing
by fewer than 16 cattle

sterilization of 30 acres
by mined-rock pile

Denial of access to 3% to 10% of
U.S. langbeinite

Injection qf $138 million
into two-county economy;
.permanent population increase
of 1200

Possible témporary housing
‘shortage; need to increase
community services several
months earlier than without
the project ‘

Normal transportation and
operation: dose commitments
much smaller than natural
background doses

Accidents: extremely
severe transportation accident
could produce dose
commitments seven times
natural background doses;
accidents at plant contribute
a fraction much below 1%

The changes in impacts caused by
expansion of HLIW repository

Commitment of about 25 additional
acres at HLW repository

Increase in stored-rock volume
of up to 7%

Possible avoidance of conflict
with mineral resources, de-
pending on site

Increase in spending near HIW
repository of up to 25% in
construction and of up to
30% in operation; roughly 30%
increase in work force

Possibly no significant increase
in demands for services near
HIW repository, depending on
site

Normal transportation and opera-
tion: little change in dose
commitments

Accidents: slight increase in
probability of accidents; no
increase in severity of
possible accidents

The impacts of alternative 2

Same amount of land withdrawn;
current uses depend on site

Little difference in volume
of mined-rock pile; long-
term effects could be smaller
if rock is other than salt

Possible avoidance of’
conflict with mineral re-
sources, depending on site

Spending egual to WIPP
spending or significantly
higher, depending on site;
little or no change in
population from WIPP
estimates .

Possible decreases in demands
for services, depending on site

Little change in impacts of
normal transportation; slight
increase in population doses
from normal operation

No change in predicted impacts
of transportation accidents;
slight increase in population
doses from accidents during
operation
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Table 4-13.

Compar ison of the Environmental Impacts of Alternatives 3 and 4
with the Environmental Impacts of Alternative 2 (continued)

Alternative 2

Alternative 3

Alternative 4

Long—~term impacts

Impacts of removing waste
(impacts at retrieval
sites, not at reposi-
tory site)

Impacts of not proceeding
with the authorized
alternative

No release of radioactive
material expected

Hypothetical unlikely re-
leases could produce doses
or dose commitments amount-
ing to a small fraction of
natural background doses

Normal operation: dose commit-

ments far below doses from
natural background radiation

Accidents: extremely severe,
highly unlikely accidents
could produce dose commit-
ments smaller than doses
from natural background
radiation

No release of radiocactive material
expected

Effects of hypothetical unlikely
releases probably unchanged;
detailed modeling unavailable

Same as alternative 2 except for
increase in volume of stored
waste during delay

Cost ($3.2 miliion) of closing
WIPP project

No release of radioactive
material expected

Effects of hypothetical
unlikely releases probably
little different from
those at the WIPP; detailed
modeling unavailable

Same as alternative 2 except
for increase in volume of
stored waste during delay

Cost of closing and reopening
project
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5 Waste Forms

The design and the operation of the WIPP are based on the types and charac-
teristics of the waste to be received there. This chapter presents the formal
criteria that will govern the acceptance of waste at the WIPP; these criteria
constitute a detailed description of the characteristics of the waste. A sec-
ond section of the chapter presents the waste-acceptance criteria that were as-
sumed in the analysis of environmental impacts; these assumed criteria were
made more conservative than the actual criteria in order to predict upper limits
to the impacts of the WIPP. The final section of the chapter discusses the
selection of a technique for processing the waste before it is shipped for dis-
posal.

Further information is provided in Appendix E, which details the radio-
nuclide content and the radioactive-decay characteristics of the waste, and
Appendix F, which outlines the waste-processing techniques that have been
considered.

5.1 WASTE-ACCEPTANCE CRITERIA

In 1977, the U.S. Department of Energy (DOE) formed the Waste Acceptance
Criteria Steering Committee (WACSC). The Committee initially consisted of
technical personnel from DOE headquarters, DOE field offices controlling
defense wastes, the Office of Waste Isolation, and the WIPP staff from Sandia
National Laboratories. The Committee was later expanded to include rep-
resentatives from the Rocky Flats Plant (the DOE's largest producer of defense
transuranic (TRU) waste), the Office of Nuclear Waste Isolation,* and the
Westinghouse Electric Corporation (the Technical Support Contractor for the
WIPP).

The WACSC's task was to reconcile the interests of various agencies in-
volved with the production, treatment,  and disposal of defense TRU waste and
to formulate workable, practical criteria for the acceptance of these wastes.
In preparing the draft environmental impact statement for the WIPP, tentative
acceptance criteria dated July 1977 were used. Since the draft was prepared,
the WACSC has recommended criteria that have been formally approved by the
DOE, and the WACSC has been disbanded. It .is these revised, approved waste-
acceptance criteria that are the basis of this document. They are summarized
in Table 5-1.

Gia *0n July 1, 1978, the responsibilities of the Office of Waste Isolation
were transferred to the newly created Office of Nuclear Waste Isolation, under
the management of the Battelle Memorial Institute, Columbus, Ohio.
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Table

5-1.

Waste-Acceptance Criteria for Contact-Handled and Remotely Handled TRU Waste

Criterion Contact-handled TRU waste Remotely handled TRU waste
WASTE FORM
Combustibility No limit, must be packaged in steel containers or overpack. Same as for contact-handled TRU

Gas generation

Immobilization

Explosives

Pyrophorics

Toxic and corrosive

materials

Sludges and
free liquids

Design life

Structure

Structure

Handling
Weight
Dimensions

Surface-dose rate

Surface contamination

Criticality

Thermal power

Gas generation by all mechanisms must not exceed 10 moles/m3 of disposal-room volume per
year under repository conditions. In terms of waste composition, this criterion may be
interpreted to mean that the average organic content of contact-handled TRU waste may
not exceed 14 1b/ft3 for waste in 55-gallon drums and 6 lb/ft3 for waste in other
containers. .

Powders, ashes, etc., must be bound in glass, concrete, ceramic, or other approved
matrix; free liquids are not allowed.

Not allowed.

Small quantities (up to 1% of the waste by weight) of radionuclide-metal pyrophorics
may be accepted with other waste forms if they are dispersed throughout the waste.

Toxic materials allowed only with special materials procedures and precautions; corrosive

materials will not be accepted.

Sludges and other waste forms containing readily desorbable water under repository
conditions will not be accepted; free liquids will not be accepted.

CONTAINER

10 years to allow retrievability.
Type A requirements.

PACKAGE

Type A; any damaged container must be overpacked.

Devices to allow handling by a forklift.
Less than 25,000 pounds.
Not larger than 8 by 12 by 8.5 feet.

Not exceeding 200 mrem/hr; containers with a surface-dose rate in excess of 10 mrem/hr
must be color coded.

5% of 49 CFR 173.397.

30-gallon drum, 100 grams fissile; 55-gallon drum, 200 grams fissile; DOT-7A, 350 grams
figsile or less than 5 grams in any cubic foot.

Container must be color coded if the thermal power exceeds 0.1 W/ft3,

waste

No criterion; quantities are
insignificant

Same as for contact-~handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Same as for contact-handled TRU
waste

Axial lifting pintle

Less than 7000 pounds
24-inch diameter, 10-foot length

Less than 100 rem/hr

5% of 49 CFR 173.397

49 CFR 173, Subpart H; less than
5 grams in any cubic foot

Less than 500 watts per canister

€

¢



5.1.1 Definitions

Discussions of waste-acceptance criteria frequently use several terms that
need to be defined clearly: container, package, overpack, combustible materi~
al, gas-producing material, and immobilized material. Each term is defined
below according to its accepted meaning in this chapter. These are not of-
ficial definitions, as precisely described in the WIPP waste-acceptance cri-
teria. Rather, they are abstracted versions of the official definitions; they
convey concepts and avoid specific detail.

Container: A drum, box, or canister that immediately surrounds the waste
is the waste container. Any associated hardware such as liner material or
"spiders" for spacing is considered part of the container.

Package: Once waste is placed inside the container, the container becomes
an integral part of the waste. The waste and its container are called the
waste package. It is the package that is emplaced in the WIPP.

Overpack: If required by the physical condition of the container or by
surface-contamination levels, a supplementary layer of containment is placed
over the original container that is then considered to be part of the waste.
The supplementary containment is the overpack.

"Combustible material: Any material that will sustain combustion in air
when exposed to a temperature of 1475°F or less for a period of 5 minutes is
combustible.

/

Gas-producing material: Any material that produces gas during its de-
composition is gas-producing. Many materials, particularly organic materials,
produce hydrogen, methane, carbon monoxide, and carbon dioxide by bacterial
decomposition, radiolytic decomposition, thermal decomposition, or chemical
reaction (corrosion).

‘Immobilized material: Any solid material that contains less than 1% (by
weight) of powder (less than or equal to 10 microns in size) is considered
immobilized. The intent of immobilization is to minimize the amount of res-
pirable material in the waste packages.

4

5.1.2 Transuranic Waste

Transuranic waste is ‘defined as waste contaminated with certain alpha-
emitting radionuclides, the level of ‘contamination exceeding 10 nanocuries
per gram. The nuclides included are uranium-233 ‘(and its daughter products),
plutonium, and transplutonium nuclides; they characteristically have long
half-lives and high radiotoxicity. -‘Transuranic waste is categorized in two
classes: contact-handled (CH) and remotely handled (RH).

A qualitative distinction between contact-handled and remotely handled TRU
waste is made in this document: contact-handled waste emits so little radia-
tion that workers can handle it ‘without extensive shielding; remotely handled
waste requires shielding or remote handling to protect operating personnel.
Therefore, contact-handled TRU waste is distinguished from remotely handled
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TRU waste on the basis of the surface-dose rate. Waste packages with surface-
dose rates no higher than 200 millirem per hour are designated contact-handled
TRU waste, and those with surface-dose rates higher than 200 millirem per hour
are designated remotely handled TRU waste. ' :

Contact-handled TRU waste

Contact-handled waste is that TRU waste whose radiation levels on the
surface of the waste containers are low enough to allow contact (as opposed to
remote) handling methods. About 98% (by volume) of the TRU waste produced in
DOE installations is classified as contact-handled TRU waste.

Contact-handled TRU waste exists in a wide variety of phys1cal forms, 'L
ranging from unprocessed general trash and concrete-stabilized sludge to de-
commissioned machine tools and glove boxes. For acceptance at the WIPP, the
following criteria restrict the form of the waste:

e Combustibility. Combustible TRU-waste materials will be accepted at
the WIPP if they are packaged in contalners that do not allow the
spread of any. credible fire.

® Gas generation. Total gas production from radlolytlc decomp031t10n,_:
pyrolysis, corrosion, and bacterial decomposition is restricted to
preclude any credible long-term gas-pressure hazard that could result
in fracturing the sealed repository. The total gas produced from -
contact-handled waste by all mechanisms may not exceed 10 moles per
cubic meter of disposal room in the WIPP. '

e Immobilization. Dry powders, ashes, and similar partlculate materi-
als will not be accepted for disposal at the WIPP unless they are
immobilized in a binder like glass, concrete, or ceramic.

® Sludges and free liquids. Sludges and other waste.forms contaiﬁing
water that can seep from the waste under repository conditions will not
be accepted at the WIPP. Free liquids w1ll not be accepted

e Explosives and compressed gases. .Explosives and compressed gases w111
not be accepted for emplacement at the WIPP.

® Pyrophoric materials. Pyrophoric materials other than radionuclides
will be accepted at the WIPP only if they have been rendered safe by
mixing with chemically stable materials (e.g., concrete, glass) or have
- been processed to remove their hazardous properties. Also, up to 1% by
weight of the waste in each package may contain pyrophoric forms of
r?dloactlve metals provided they are dispersed throughout the waste.
® Toxic and corrosive materials. Toxic substances contaminated with
transuranic nuclides will be accepted at the WIPP provided that the
- toxic materials are identified and the WIPP operator is notified and
grants approval before shipment. Corrosive materials contaminated with
* transuranic nuclides must be neutralized or otherwise rendered non-
corrosive. Waste packages containing toxic materials must be color
coded in accordance with WIPP standards.

5-4




The containers currently in use for contact-handled TRU waste are listed
in Table 5-2. Most of the pre-1970 (buried) waste is in 55-gallon drums. Al-
though drums are still widely used, the present trend is toward large  plywood
and metal boxes, which not only cost less per unit volume than drums but also
make more efficient use of storage volume. At present, about 70% (by volume)
of all contact-handled TRU waste is put into boxes, most of it in special
plywood boxes. These boxes are about 4 by 4 by 7 feet in outside dimensions,
are covered with a 3-millimeter layer of fiberglass-reinforced polyester (FRP),
and are lined with polyvinyl chloride and fiberboard. They are approved by
the U.S. Department of Transportation (DOT) and are known as DOT-7A containers.
Since the WIPP waste-acceptance criteria require a metal overpack for all com-
bustible boxes as a fire protection measure, the. contact-handled TRU waste
arriving at the WIPP will be in metal containers. The maximum acceptable size
of a container is 8 by 12 by 8.5 feet. The maximum weight permitted is 25,000
pounds. All containers meet the minimum structural requirements of 49 CFR
173.398(b) for Type A shipping containers, and their designs are such that
they can be expected to remain intact for a l0-year period to allow retrieval.

The radioisotope composition of contact-~handled TRU waste varies widely
among the DOE facilities that generate the waste. By volume, weapons-program
waste is the largest component of the total TRU-waste inventory. The Rocky
Flats Plant alone produces 40% of all DOE TRU waste. For this reason, the
typical isotope composition of Rocky Flats waste is taken as representative of
contact-handled TRU waste. Its composition is given in Appendix E, Tables E-1
and E-2.

The fissile—material content, based on transportation regulations, is a
maximum of 200 grams for a 55-gallon drum and 350 grams for boxes. The aver-—
age content has been observed to be 7.5 grams for a drum and 12.2 grams for
the most common box used to store waste (4 by 4 by 7 feet). For other boxes,
the maximum fissile-material content is 5 grams in any cubic foot of waste,
with a maximum of 350 grams per box.

The maximum allowable surface-dose rate for a container of contact-handled
TRU waste is 200 millirem per hour. The average surface-dose rate observed at
the Idaho National Engineering Laboratory (INEL), where the Rocky Flats waste
is stored, is about 3.1 millirem per hour, substantially below this limit.
The average for 4- by 4- by 7-foot boxes is less than 1 millirem per hour, and
the average for steel bins, 4 by 5 by 6 feet, .is about 51 millirem per hour.

The thermal power of weapons-grade plutonium is about 2.4 x 10~3 watt
per gram. Accordingly, a drum containing the maximum permitted plutonium
content (200 grams) has a thermal power of about 0.5 watt, and a box contain-
ing 350 grams of plutonlum has a thermal power of :0.8 watt. Of all the
contact-handled TRU waste expected at the WIPP, a very small percentage is
heat-source plutonium, which ‘has. the greatest thermal power because of the
presence of large amounts of’ the nuclide plutonium-238., The ‘thermal power of
heat-source plutonium is 0.45 watt per gram. Packages containing heat-source
plutonium are limited in thermal power output by transportatlon regulations.
A 55-gallon drum is limited to 10 watts. The limit for 4- by 4- by 7-foot
boxes is 250 grams or 113 watts. This limit has seldom, if ever, been reached.
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Table 5-2. Types of Containers Used for Contact-Handled TRU Waste

Package description

Dimensions

Maximum
~ gross
weight (1b)

Volume § of
Package waste in

Source

volume fiscal year

(£t3) ' 1976-76A  Hanford Savannah Alamos Ridge Flats Facility Other

Los Oak

Rocky- Mound

DOT-7A FRP-coated?
plywood box

55-gallon drumb
30-gallon drum

Welded steel box

FRP-coated plywood
box

Corrugated metal
pipe

4 by 4 by 7 feet
24 inches in diameter,
35 inches high

19 inches in diameter,
29 inches high

Random
Random

2,5 inches in diameter,
20 feet long

10,000

840

4.0

112 42.6
7.42 24.6 X
1.5
0.8
24.2 X
98 2.4

X X X
X X
X
X

3FRP = fiberglass-reinforced polyester.
brhe interior and exterior surface treatment and the

weight of the drum (DOT-17C or

17H) vary with the user.




Remotely handled TRU waste

A small fraction (about 2% by volume) of the TRU waste generated by DOE
facilities exceeds the limit of 200 millirem per hour on the surface-dose rate
of contact-handled TRU waste. This waste is designated remotely handled TRU
waste. The surface-dose rates of packaged remotely handled TRU waste range
from 200 millirem per hour up to 100 rem per hour. This waste will be handled
by shielded equipment designed especially for the purpose. The physical and
chemical form of remotely handled TRU waste has not been well characterized.

The canister assumed for the remotely handled TRU waste is a right
circular cylinder made of carbon-steel pipe 24 inches in outside diameter.
The overall length of the canister is 10 feet. Inside, the waste occupies
approximately 25 cubic feet. Containers are designed to Type A DOT speci-
fications and are designed to remain intact for 10 years to allow for
retrieval. Table 5-3 summarizes the canister properties.

There is no predominant source of remotely handled TRU waste. The exist-
ing waste contains a wide range of radionuclides. For design purposes and for
use in analyzing postulated accidents, a hypothetical "reference" waste was
assumed. This waste contains a fission-product distribution typical of the
waste the Oak Ridge National Laboratory (ORNL) calls intermediate-level waste
and an actinide inventory typical of weapons-grade plutonium at a maximum
density of 5 grams per cubic foot of waste. Appendix E, Table E-3, char-
acterizes the radionuclide content of this waste under average and upper-limit
conditions. '

An upper limit of 100 rem per hour is the maximum allowed dose rate at the
surface of a canister containing remotely handled TRU waste. At present,
there is no data base for estimating the average surface-dose rate. The
surface-dose rate is a conservative maximum used for performing on-site
radiation-shielding calculations and the safety analysis.

The thermal power density of the reference remotely handled TRU waste is

2.8 watts per cubic foot. The waste volume results in a thermal power of
about 70 watts per canister.

5.1.3 High-Level Waste .for Experlments

An isolated area of the WIPP will be dedlcated to experlments 1ntended to
define the long-term behavior of various waste forms in a bedded-salt storage
environment (Section 8.9). Most of the experiments will involve waste that
produces high.levels of -heat and radiation; much:of the waste will undoubtedly
be prepared espec1a11y for the exper1ments.

The acceptance cr1ter1a for experlmental waste. have not been fully devel-
oped. It is planned to use both solid and granular bulk high-level waste in
the exper imental program. Granular bulk waste is simply solid vitrified waste
broken into pieces ranging from about 1/64 to 4 inches: in.diameter. 1Intact
(unbroken) exper imental waste is used in the analysis to represent all waste
in the experimental program at the WIPP. The solidification of these products
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gives rise to wastes with different nuclide contents because the amount of
waste placed in each container is adjusted to limit the thermal loading.

For design purposes and postulated-accident analysis, a reference experi-
mental waste has been chosen. It is the output of the proposed Savannah River
solidification plant and is spiked with cesium-137 to increase its thermal
power density. :

The properties of the canister assumed for the experimental waste are in-
cluded in Table 5-3. The reference canister is a right circular cylinder made
of stainless-steel pipe that is 12.75 inches in outside diameter, with end
caps welded at both ends. The overall length is 6 feet. The weight of a
filled high-level-waste canister is about 1000 pounds. With allowances for
glass shrinkage on cooling and with an appropriate weld-zone clearance, the
net volume of solidified high-level waste in a canister is 3.8 cubic feet
(107 liters). <

In Appendix E, Table E-4, the radionuclides present in high-level waste
are quantified in terms of curies per liter of waste.

5.2 ACCEPTANCE CRITERIA ASSUMED FOR ANALYSES REPORTED IN THIS DOCUMENT

The following assumed criteria are used in predicting the environmental
impacts of shipping TRU waste and handling it at the WIPP:

No explosive materials

No pressurized gases

No free liquids

Pyrophoric materials allowed (1% assumed)
Combustibles allowed (25% assumed)

10% of waste in powder form

These assumptions produce the maximum environmental impacts in transporta-
tion and in-plant accidents (fires and container failures followed by re-
leases). There would be no releases due to container failure if no portion of
the waste were in powder form; releases due to fire would be minimized if the
containers did not contain combustible and pyrophoric materials. These as-
sumed criteria, allowing combustibles and pyrophorics and 10% of the waste in
powder form, are therefore conservative in that they tend to overestimate
potential impacts.

Inasmuch as a decision has yet to be made on how to prepare the TRU waste
for shipment for disposal in a geologic repository, the INEL studied several
reprocessing options (Section 9.8.3), ranging from complete incineration by
‘'slagging pyrolysis to simply shipping the waste as is. Incineration has the
greatest impact at the INEL. However, if the waste is incinerated by slagging
pyrolysis, the resulting waste form will not have pyrophoric or combustible
materials left in it, and none of it will be in powder form.

Thus, the assumptions made for the analysis of reprocessing are inconsis-

tent with those made for the analyses of impacts of transportation and of
handling accidents during operation. The use of different assumptions for
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Table 5-3.

Characteristics of Remotely Handled Waste Containers

.Cha:ac;eriEtic’

Remotely handled
TRU waste

High-~level waste
for experiments

Construction material

Outside diameter, inches . =

Length,2 feet .

Container volume, cubic feet

Volume of waste, cubic feet'
Loaded weight, pounds

Maximum design weight, pounds

Thermal power, watts
Maximum design thermal power,

Schedule 10 carbon steel
24
10
31.4
25
Varies
7000
70
watts 500

Schedule 40 stainless steel

12.75

6

4.4

3.8

1000

Nab

1070

NA

éinclhdesrhendiing pintle

A = not. applicable; reference-waste properties (container weight, thermal power) constitute

maximum design levels.-




waste characteristics is conservative. One "worst-case" set is used in
analyzing the impacts of shipping the TRU waste to, and handling it at, the
WIPP. Another "worst-case" set is used in analyzing the impacts of preparing
the waste for shipment. :

5.3 DPROCESSING OF TRANSURANIC WASTE

The waste-acceptance criteria described in Section 5.1 and listed in Table
5-1 do not specifically require that existing TRU waste be processed before
being sent to the WIPP. The decision on whether to process is yet to be made;
nevertheless, processing may be desirable for disposal in the WIPP or the
first available high-level-waste repository. It would make assaying the waste
for TRU-nuclide content easier, reduce the waste volume, and be a means of
insuring that the waste meets the acceptance criteria by eliminating moisture
and fine particulates and thus exceeding the requirements of those criteria.

Incineration is considered the most feasible processing alternative, if
the decision is made to process the waste. Numerous analyses have been con-
ducted at the INEL to evaluate the merits of various incineration systems.
The analyses were made in terms of the July 1977 draft acceptance criteria;
they assumed that 10% combustible and no pyrophoric or gas-producing material
would be allowed in the processed waste. 1In addition, they assumed that the
product had to be immobile to meet the waste-acceptance criteria. The anal-
yses examined, in addition to incineration, combinations of pretreatment
processes, incineration, and residue-immobilization processes.

The first analysis (FMC, 1977) evaluated the nine radioactive-waste incin-
eration processes described in Appendix F. Because many of the investigated
incineration processes produce residues that are not immobile, it was neces-
sary to consider immobilization for treating the residues. The 11 immobiliza-
tion processes that were considered are also described in Appendix F.

The waste-treatment process judged most desirable in four separate studies
was slagging pyrolysis (FMC, 1977; Cox et al.,, 1978, EG&G, 1977; Kaiser Engi-
neers, 1977), which requires a minimum of waste preparation before incinera-
tion and no further immobilization after incineration. In the slagging-
pyrolysis process, the waste and an inert material like soil are melted to-
gether, driving off all moisture and volatiles and incinerating all combust-
ibles. The output of this process is a basaltlike glass slag that is inert,
has no combustible or gas-forming material, is resistant to leaching, and can
be cast into any shape or size. The superiority of the slagging-pyrolysis
incinerator comes from its ability to accept a waste feed with a minimum of
sorting and sizing and to produce a residue that, when cast and cooled, does
not need further processing. The process also reduces the volume of the
original waste material by 50%.

Although some of the 'studies were conducted for the buried waste at the
INEL, their findings are also applicable to the processing of waste that is
retrievably stored at the INEL. Furthermore, the analyses, although based
almost solely on the characteristics of the defense TRU waste at the INEL, are
believed to be applicable to defense TRU waste from other sources.
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6 Transportation of Waste to the WIPP

This chapter reviews and evaluates the main features of transporting radio-
active waste to the WIPP: the regqulations governing such transport and the or-
ganizations responsible for them, the packages and packaging systems used for
the waste, the routes over which the waste is likely to travel and the range
of routing controls that can be exercised, the volume of transported waste and
the number of shipments, the cost of transporting the waste, the radiological
effects of waste transportation under both normal and accident conditions as
well as under conditions simulating intentional destructive acts, the nonradio-
logical effects of transportation accidents, and the insurance coverage of
shipments.

6.1 REGULATIONS

The transportation of radioactive waste to the WIPP will comply with the
regulations of the U.S. Department of Transportation (DOT) and the correspond-
ing regulations of the U.S. Nuclear Regulatory Commission (NRC). These regu-
lations are designed to protect the public from the potentlal consequences of
radioactive-material transport. The specific regulations that apply to the
WIPP are found in the Code of Federal Regulations (CFR) under the following
headings:

49 CFR 107 Rule-making Procedures of the Materials Transportation
Bureau

49 CFR 127 (Proposed) Requirements of the International Atomic Energy
Agency

49 CFR 171 General Information, Regulations and Definitions

49 CFR 172 Hazardous Materials Table and Hazardous Materials Communica-

tions Regulations

49 CFR 173 Shippgrs—-GeneFal Requireﬁénts for shipments and Packagings
49 CFR 174 Carriage by Rail

49 CFR 17? Carriage by PubliC'H;ghway

49 CFR 178 Shipping Cohtainer:SpecificétionS.,

These regulations insure safety through standards for packaglng, handling, and
routing radioactive materlals.

The terms "packaging" and‘"package" are used throughout this section.

Packaging is defined as the shipping container; package is defined as the con-
tainer and its radioactive contents.
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6.1.1 Packagings and Packages

The primary means for insuring safety during the transport of radioactive
material 1s proper packaging. Consequently, most of the regulations for the
transport of radioactive materials are concerned with packaging standards.

Three aspects of packaging that apply to WIPP shipments are considered by
the regulations:

1. Containment of the radioactive material, with allowance for heat
dissipation if required.

2. Shielding from the radiation emitted by the material.
3. Prevention of nuclear criticality in fissile materials.
This section discusses each of these three aspects.

Regulations to insure adequate containment

Each radionuclide is classified in one of seven transport groups according
to its potential hazard and toxicity. (The current transport groups may be
replaced by those proposed in 49 CFR 127.) Radionuclides in the more hazard-
ous transport groups are restricted to smaller amounts per package; that is,
for any single type of packaging, less activity of a more hazardous radio-
nuclide is allowed per package. For example, since plutonium-239 is in Trans-
port Group I (the most hazardous group) and strontium-90 is in Group II, less
plutonium-239 activity is allowed per package than strontium-90 activity.

The regulations allow radionuclides to be shipped in different types of
packagings, depending on the total radioactivity in the package. Of importance
to this document are Type A and Type B packages. A Type B package is allowed
to contain more activity of a particular nuclide than a Type A package. The
limits for these two package types are different for each transport group. For
example, the current regulations allow up to 0.001 curie of plutonium-239
(Transport Group I) to be shipped in a Type A package; for strontium-90
(Transport Group II) this limit is 0.05 curie.

All packagings must at least meet the requirements for a Type A packaging
as described in 49 CFR 173.393 to prevent the dispersal of their radioactive
contents and to shield people from the contents during normal transport. These
packagings must pass tests that simulate the extreme conditions of normal
transport; the tests are outlined in 49 CFR 173.398.

Quantitipes of radioactive material exceeding Type A packaging limits can
be transported only in Type B packagings, which are strongly accident-resistant
containers of various shapes and sizes. Any Type B packaging design placed in
service must be certified by either the NRC or the DOE. The DOE may certify
the design of a packaging, such as those designed by a DOE contractor for use
by the DOE, if it satisfies the general packaging and shipment requirements
found in 49 CFR 173.393. In addition to meeting the standards for Type A
packagings, a Type B packaging must survive certain severe hypothetical-
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accident conditions that demonstrate resistance to impact, puncture, fire, and
submersion in water (49 CFR 173.398). The ability of the packaging to survive
must be proved by full-scale testing or by analysis. To be judged as sur-
viving, a Type B packaging must _not release any of its radioactive contents
except for limited releases of contaminated coolant or .gases. The allowable
releases are defined in 49 CFR 173.398. Furthermore, the radiation~dose rate
outside a Type B packaging must not exceed 1 rem per hour at a distance of

3 feet (49 CFR 173.398) after the testing sequence.

Surface contamination on packages, which might be transferable or even
dispersible, is limited to levels specified in 49 CFR 173.397, a regulation
that also describes the method for assessing the amount of contamination on
the surface.

Regulations controlling radiation exposure

As a practical matter, the radiation emitted by the radioactive contents
of a package is not completely absorbed by the packaging, but the radiation
that is allowed to escape packaging must be below specified limits that
minimize the exposure of the public. Packages that will be handled only by
the shipper and the receiver (i.e., packages shipped in exclusive-use or
sole-use vehicles) may not exceed the following dose-rate limits:

1. 1000 millirem per hour at a distance of 3 feet from the external
surface of the package (in a closed transport vehicle only).

2. 200 millirem per hour at any point on the external surface of the car
or vehicle (in a closed transport vehicle only).

3. 10 millirem per hour at any point 6 feet from the vertical planes
projected by the outer lateral surfaces of the car or vehicle; or if
the load is transported in an open transport vehicle, at any point
6 feet from the vertical planes projected from the outer edges of the
vehicle.

4., 2 millirem per hour in any normally occupied position in the car or
vehicle, except that this provision does, not apply to private motor
carriers. . St

Almost all, if not allﬁ packagings will provide sufficient shielding to reduce
radiation levels well below these specifications.

- Regulations to prevent nuclear-criticélity

The criticality standards for packages containing fissile materials are
found in 49 CFR 173.396. . A packagingiused to ship fissile material must be so
designed that it .is subcritical in the most reactive configuration that is
credible for the form of -the material and for optimal conditions:-of neutron
moderation and reflection by water.: The number of such packages that may be
transported together is also limited.- Some quantities and forms of fissile
materials cannot be made critical under credible conditions and are exempted
from special fissile~material requirements.




6.1.2 Handling

Durlng handllng, the carrier of radioactive materials must perform spec1al
actions in addition to those requlred for other hazardous materials. Since the
safety of radioactive-material transport is primarily governed by packaging-
design regulations, the special actions. are largely limited to administrative
actions such as documenting, certifying, and placarding. However, one impor-
tant action is to insure that radiation levels are not. exceeded in any ship-
ment. A special transport index (dose rate in millirem per hour at 3 feet
from the accessible exterior surface of the package) was developed to aid the
carrier in maintaining radiation levels within allowable 11m1ts.

6.1.3 Routing

The DOT is establishing routing regulations for the transport of radio—
active materials by public highway. When officially adopted, they will be
included in.49 CFR 177.  The objectives are to reduce the impacts of trans-
porting radioactive waste and to identify the role of state or local govern-
ments in the routing of radioactive materials. The proposed regulations are

.based on the belief that reducing the time in transit will decrease the over-
all transportation impacts. The proposed requlations, as applicable to WIPP
shipments, require that shipments be made on interstate highways that are not
restricted by state regulations or on alternative highways proposed by states
‘through which shipments are made. Other requirements that apply to WIPP ship-
ments include regulations requiring written route plans that must be prepared
by the carrier in advance and specific regulations for driver training. The
proposed regulations also allow states and local authorities to regulate routes
provided their regulations are not inconsistent with those of the DOT.

Concurrently with the DOT, the New Mexico Environmental Improvement Board
has also written a set of proposéd regulations. The 1979 New Mexico Legisla-
ture gave the Board authority to regulate the transport of radioactive waste
on New Mexico highways. The present draft regulations, however, do not clearly
define to whom the requlations apply. The State regulations, if they apply to
the WIPP, would require State licensing of WIPP truck carriers; restriction of
trucks carrying WIPP shipments to interstate highways, when possible, to mini-
mize the time in transit; avoidance of highly populated areas and hazardous
road conditions when traveling on roads other than interstate highways; and
advance notice of shipments for large quantities (more than 1000 curies) of
radiocactive material like the remotely handled TRU waste to be emplaced in the
WIPP and the defense high-level waste to be used in WIPP experiments.

Other states traversed by potential routes to the WIPP, such as Colorado .:
and Texas, are considering routing regulations. The State of Louisiana has
issued routing prohibitions for high-level-waste shipments. Even though there
may be.some differences among them, the regulations promulgated by the various
states will all have to be consistent with the forthcoming DOT regulations, or
else they will be preempted. As a result, the preceding discussion of DOT and
New Mexico regulations should adequately describe most routing contingencies.
for truck shlpments to the WIPP.




The DOT and State of New Mexico regulations are proposed and have not been
promulgated. Once in effect, these regulations may affect truck routing to
the WIPP since the DOE will comply with DOT and any State or local regulations
that are applicable to the transport of waste to the WIPP.

No additional regulations are currently proposed for rail transport. Any
special routing regulations to be proposed in the future must consider many
factors: distances, road-bed conditions, population distributions, and the use
of special trains. Specific regulations must be reviewed carefully and indi-
vidually because the risk from transportation accidents has two components:
probability of occurrence (determined, for example, by distances, road-bed
conditions, and equipment) and consequences (determined, for example, by the
population distribution). If the consequences are reduced by avoiding popula-
tion centers, for example, the extra mileage traveled may increase the prob-
ability of an accident, possibly increasing the risk. Furthermore, rails be-~
tween and through population centers are often in better condition than those
in lesser~used routes skirting population centers. The poor road-bed condi-
tions encountered by avoiding population centers might therefore increase the
probability, and hence the risk, of an accident. Actions like these would
intuitively seem to reduce risk, but they may, in fact, increase risk.

If a particular route is specified for rail shipments, the shipper must
use a "special train." A special train is dedicated to the transport of
radioactive waste with no other freight on board; it is operated under
restrictions governing, for example, speed and passing. Several studies have
examined the change in impact resulting from the exclusive use of special
trains for shipping radioactive materials.

These studies concluded that the use of special trains would not signif-
icantly reduce the radiological risk of radiocactive-material transport or
increase its overall safety. Justification for not using special trains,
despite recommendations to the contrary by members of the Association of
American Railroads, can be based on the conclusions of three documents: an
environmental statement published by the NRC (1977), a report issued by Sandia
National Laboratories (Smith and Taylor, 1978), and an environmental impact
statement issued by the Interstate Commerce Commission (ICC, 1977). After
considering the benefits of special trains cited by the Association of Amer-
ican Railroads (benefits that include the likelihood of less accident damage,
fewer derailments, less switching, easier cleanup after an accident, and less
time in transit), the NRC document concludes -that the reduction of normal and
accident risks for the shipment of. spent fuel would be very .small. Smith and
Taylor (1978) conclude that, for the transport of radioactive materials asso-
ciated with the nuclear fuel cycle, the use of special trains slightly in-
creases the total radiological impact. Finally, the ICC (1977) environmental
impact statement on the transportation of radioactive materials by rail con-
cludes that special trains increase both nonradiological and radiological risks
under normal conditions while decreasing radiological risks under accident con-
ditions, although the estimated incremental increases or decreases are very
small. In summary, the use of special trains does not measurably reduce the
radiological impacts of transportation-and in some cases may even increase
them. : L 0 : :
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6.1.4 Vehicle Safety

No additional or special vehicle regulations are imposed on the carrier of
radioactive materials beyond those required for a carrier of any hazardous
material, Vehicle safety is insured by other Federal regulations, which are
not specific to vehicles carrying radioactive material. For example, truck
safety is governed by the Bureau of Motor Carrier Safety, which imposes
vehicle-safety standards on all truck carriers (49 CFR 325, 386-398). Along
with other functions, the Bureau conducts unannounced roadside inspections of
vehicles and drivers. During an inspection, the condition and loading of the
vehicle and the driver's documents are checked. These checks are performed on
all truck carriers, however, not just those carrying radioactive material.

6.2 ORGANIZATIONS RESPONSIBLE FOR REGULATING TRANSPORTATION

6.2.1 Definition of Terms

Goods being transported are classified in two general categories: hazardous
materials and nonhazardous materials. Hazardous materials are subject to more
stringent controls during transport than nonhazardous materials. Radioactive
materials are considered hazardous materials, and any material containing 0.002
microcurie or more of radioactivity per gram is considered radioactive material
for regulating purposes.

The transport of radiocactive materials is commonly carried out by three
participants who have separate functions: shippers, carriers, and warehousers.
Shippers offer materials for transport; they are responsible for packaging,
marking, and labeling shipments before they give the shipments to a carrier.
Carriers actually transport goods; they must properly identify their vehicles
as carrying radioactive material and use the precautions specified by regula-
tions while transporting shipments. Warehousers store materials, but no ware-
housers will be involved in the transport of radioactive waste to the WIPP
because no waste will be stored at intermediate locations.

Carriers have been further classified into three types: private, contract,
and common. Private carriers transport their own materials; that is, the ship-
pers are the carriers. Contract carriers selectively transport materials for
shippers under specific contracts. Common carriers transport materials for the
general public under published tariffs and rate schedules. Any of the three
types could be used for transporting waste to the WIPP; however, shipments will
probably be made by contract or common carriers.,

6.2.2 Organizations

Four Federal agencies will be involved in the transportation of radio—
active materials to the WIPP: the Department of Transportation (DOT), the
Nuclear Regulatory Commission {NRC), the Department of Energy (DOE), and the
Interstate Commerce Commission (ICC). The DOT, the NRC, and the DOE deal
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primarily with safety, while the ICC deals primarily with the economics of
transportation. Because the primary concern of this document is safety, the
regulatory function of the ICC will not be discussed.

The DOT is responsible for regulating safety in the transportation of all
hazardous materials; its regulations apply to shippers and all carriers. Under
the Hazardous Materials Transportation Act of 1974, the DOT is authorized "to
protect the nation adequately against the risks to life and property which are
inherent in the transportation of hazardous materials in commerce." The DOT is
specifically responsible for categorizing nuclear materials, providing design
and performance specifications for packagings that will carry small quantities
of nuclear materials not exceeding Type A quantities (see Section 6.1.1), and
regulating the carriers that transport nuclear materials. In fulfilling these
responsibilities, the DOT has promulgated detailed regulations that govern the
packaging, shipping, carriage, stowage, and handling of radioactive materials
by all transport modes.

The NRC is the regulator of the commercial nuclear industry. Specifically,
it regulates the safety of certain commercial nuclear operations: the receipt,
possession, use, and transfer of byproduct, source, and special nuclear ma-
terials (terms defined in 10 CFR 40.4 and 50.2). The regulatory authority of
the NRC extends to most nuclear operations except the research-and-development
operations of the Department of Energy and the Department of Defense. For the
transport of nuclear materials, NRC regulations apply primarily to shippers.
Another NRC responsibility is the provision of design and performance criteria
for packagings that will carry quantities of nuclear materials greater than
Type A quantities.

The DOE, through its management directives and contractual agreements with
contractors, guarantees the protection of public health and safety by imposing
on its transportation activities standards similar to those of the DOT and the
NRC. The DOE has authority, granted by a 1973 memorandum of understanding
between the DOT and the Atomic Energy Commission (Federal Register, Vol. 38,
p. 8486), to certify DOE-owned packagings in accordance with existing DOT and
corresponding NRC regulations. The DOE may design, procure, and certify its
own Type B packagings (described in Section 6.1.1) to be used by the DOE or
its contractors, provided the packagings comply with existing criteria.

The responsibilities of the three organizations overlap but can be stated
simply. The DOT has primary responsibiliity for safety in transporting all
hazardous materials, including nuclear-materials, and it regulates shippers
and carriers. The NRC is responsible .for| regulating the Type B packagings
(see Section 6.1.1) used by commercial shippers, while the DOE has the author-
ity to certify its own packagings for\gowernment shippers. The DOE certifi-
cate must indicate compliance with DOT~and corresponding NRC requlations. Both
the DOE and the NRC must require the shlppers and private carriers under their
authority to conform to DOT regulations, land efforts are made by both agencies
not to duplicate DOT regulatlons w1th their own.

The respon51b111t1es and author1t1es of the ‘agencies. are defined by several
pieces of Congressional- leglslatlon -and memorandums of understanding.- The
DOT's responsibilities are defined by. theITransportatlon of Explosives Act, the
Dangerous Cargo Act, the Federal Aviation Act of 1958, the Department of




Transportation Act, and the Hazardous Materials Transportation Act of 1974.
The NRC's responsibilities are defined by the Atomic Energy Act of 1954, the
Energy Reorganization Act of 1974, and Public Law 94-79. The DOE's responsi-
bilities are defined by the Atomic Energy Act of 1954, the Energy Reorganiza-
tion Act of 1974, and the Department of Energy' Organization Act. Because of
their overlapping responsibilities, these agencies have issued memorandums of
understanding among themselves. The memorandum of understanding between the
DOT and the Atomic Energy Commission in 1973 (Federal Register, Vol. -38, p.

" 8486) is partly superseded by the memorandum of understanding between the DOT
and the NRC on the regulation of safety in the transportation of radioactive
materials (Federal Register, Vol. 44, p. 38690), issued in 1979. Further
clarification of responsibility will be provided by forthcoming memorandums
drafted between the DOT and the DOE and between the DOE and the NRC.

In fulfilling its responsibility to comply with DOT and NRC regulations,
the DOE, through its WIPP Project Office, will direct an operating contractor
with management directives and contractual provisions. The DOE will also
evaluate designs for packagings to be used for transporting waste to the WIPP;
such packagings are presently being designed. The evaluation of designs must
include the engineering tests described in later sections of this chapter,
engineering evaluations, or comparative data; the engineering tests required
by the DOT and the NRC demonstrate resistance to impact, fire, puncture, and
submersion in water. The DOE contractor that ships waste to the WIPP will
package the waste in these packagings for transport by a carrier. If contract
or common carriers are used, the DOE will specify the destination of the
shipment, but will not have the authority to direct routing; the DOT will
regulate these carriers. If the DOE or the DOE's contractor operating the
WIPP decides to become a private carrier, the DOE will select the routes to be
followed as long as they are consistent with DOT routing regulations. No
matter which type of carrier is selected, the shipment of waste to the WIPP
will be governed by the regulations of the DOT.

6.3 PACKAGES AND PACKAGING SYSTEMS

Proper packaging design is the foundation of safety in the shipment of
radiocactive materials. All wastes transported to the WIPP will be shipped in
- packagings that comply with the regulations detailed in Section 6.1. To
insure that packagings are safe and meet Federal requlations, the DOE will
test and analyze packagings to be used for the WIPP., Work now under way is

developing and testing these packagings. Most development and testing will be

performed by a model-and-analysis approach that uses computer-modeling
techniques to reduce the required number of full-scale experiments. Once the
models have been thoroughly confirmed and validated, they will be used exten-
sively to test the design of the packagings, eliminating much of the need for
expensive full-scale testing. Even after the computer analysis has been per-
formed, however, full-scale testing will be conducted for WIPP packagings., A
formal safety analysis report for packaging, a report describing the packaging
system and the analyses and tests performed to determine its acceptability,
will be prepared for each packaging system. In addition, a quality assurance
program will be carried out during the construction of the packagings and
maintained during their actual. use.

v
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6.3.1 Contact-Handled TRU Waste\

Most Of the waste to be transported to the WIPP is-contact-handled (CH)
TRU waste. Contact-handled TRU waste is currently shipped from the Rocky
Flats Plant near Denver, Colorado, to the Idaho National Engineering Labora-
tory near ‘Idaho Falls in ATMX-600 series railcars under the provisions of DOT
Exemptlon 5948, which allows the shipment of contact-handled TRU waste in ATMX
railcars provided it is packaged in Type A polyethylene-lined drums or plywood
boxes coated with fiberglass-reinforced polyester. In addition, drums are pre-
packaged in steel cargo containers (8 by 8 by 20 feet) that provide an effec-
tive third barrier for containment. Even though the ATMX system has not been
tested under the hypothetical-accident conditions described in 49 CFR 173.398,
it forms a containment system of multiple barriers that, as a single unit, is
considered to be equivalent to a Type B packaging (Adcock and McCarthy,

1974) .

Since the ATMX packaging system is presently used for shipping contact-
handled TRU waste, it will be described in detail. The DOE-owned ATMX railcar
has many safety. devices, including roller-bearing wheels, shock-absorbing draft
gear, interlocking couplers to prevent uncoupling in a’ derallment, and locking-
type center pins to prevent the loss of the trucks (swiveling wheel carriages
at each end of the railcar) under most circumstances. The underframe is a
heavy one-piece steel casting reinforced by welded steel plates to produce a
continuous floor. The superstructure is also very strong because of its mas-
sive cross-braced sides. The 'sides, constructed from steel armor, are de-
signed not to buckle during a rollover. The ends of the car are heavily
reinforced and designed with a slope that will deflect following or preceding
cars over the roof of the car should an accident occur. This extremely strong

railcar is appropriately described as able to withstand major catastrophes
(Adcock and McCarthy, 1974).

Addltlonal protection for contact-handled TRU waste shipped in the ATMX
railcar is afforded by the Type A packagings placed inside. These Type A
packagings can be either drums or boxes. Typically, the Rocky Flats drum is a
DOT-17C 55-gallon steel drum with a molded polyethylene liner. The Rocky
Flats box 1s'a DOT-7A plywood box (4 by 4 by 7 feet) overcoated with a lamin-
ate of flberglass—relnforced polyester and lined w1th polyv1nyl chloride and
flberboard (chkland 1976) K

A dlstlnctly dlfferent packaglng, called ‘a Super Tlger, is currently cer-
tified for shipping Type B quantities of- ‘radioactive materials by both truck
and rail. This alternat1ve packaglng -for contact-handled TRU waste is pres-
ently the only packag1ng used for truck shlpment.f Although designed ‘as a
general-use’ packaglng for “the sh1pment of materials in Type B quantities, the
Super Tiger is frequently used to hold Type Aédrums or. boxes. 1It-has the di=
mensions of a standard cargo contalner (8 by 8 by-20 feet) and:.can be handled,
stored, and shipped like any- standardized- sh1pp1ng container. The packaging
is constructed from two, rectangular steel shells separated w1th rlgld flre—
retardant polyurethane foam (Hansen, 1970).. f} - .

The entire outer shell is fabrlcated from ductlle low—carbon—steel plate.
This material can elongate by nearly 40%, thus allowing the shell to deform
severely without cracking. All corners are lap-doubled, continuously seam-
welded along the overlapping edge, and reinforced with a layer of steel plate.
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In addition, all external edges are protected with a diagonal gusset plate.
One end of the shell is removable. Ten high-strength l-inch-diameter bolts
secure the end of the container to the body, and additional joint integrity is
provided by four l-inch-diameter steel dowel pins.

A special formulation of fire-retardant rigid polyurethane foam was devel-
oped for the Super Tiger. This foam, poured in place and allowed to expand
between the two steel shells, provides excellent thermal protection and,
because of its high energy-absorbing capability, an ideal shock-isolation
medium as well.

The steel inner shell, approximately 6 by 6 by 14 feet, has a removable
end cap. . All edges or joints in the shell are overlapped and double~seam-
welded like those in the outer shell. The inner end cover is attached by
bolts and has a silicone seal.

The Super Tiger has been certified (Hansen, 1970) in accordance with the
tests specified in 10 CFR 71, Appendix B, or 49 CFR 173.398. Nevertheless,
some commentors on the draft of this environmental impact statement have al-
leged that the tests performed to certify the Super Tiger were not consistent
with the requirements. Specifically, questions have been raised about the
length of the pin used in the puncture test. The puncture test used to cer-
‘tify the Super Tiger is described below.

One of the tests described in 10 CFR 71, Appendix B, for the certification
of Type B packagings is a 40-inch drop onto a 6-inch-diameter pin that is
8 inches long; this test is referred to as the 40-inch puncture test. The test
was used not only to certify the Super Tiger but to provide design information
for wall construction. A special Super Tiger was constructed, with each of its
four sides fabricated to different design specifications. Three of the sides
were made with breakaway plates of varying thicknesses, and a fourth was not.
The fourth side also had the thinnest wall. The puncture test was conducted
four times, once on each side. The three sides with breakaway plates were not
indented more than 6 inches by the 8-inch-long pin. The fourth side--the one
without breakaway plates'and:with the thinnest walls--was expected to fail.
To obtain additional design information from the test of the fourth side, the
8~inch-long pin was replaced by a 24-inch-long pin, which could puncture the
inner wall when the outer wall failed. The 40-inch drop onto the fourth side
- did, as expected, cause the failure of both the outer and the inner walls.
The information obtained in this test made it possible to select the design of
one of the other three sides that performed satisfactorily. _ . :

It ishimportant to reiterate that each of four sides, constructed to dif-
ferent specifications, was subjected to the puncture test. One side was ex-
pected to fail and was made to fail more completely by increasing the length
of the puncture pin. The design of this side was abandoned; it was not and is
not used fo& Super Tigers.

Cost-effective packagings that can safely contain drums or boxes of
contact-handled TRU waste are currently being developed for the WIPP. The
packagings now being developed are expected to be used instead of the Super
Tiger and the ATMX railcar for two reasons: the existing systems are not of
the,right shape and size for efficiently packing the drums and boxes that will
be transpo;ted to the WIPP, and the existing systems, now 10 years old, can be .
improved by using recent advances in technology. As presently conceived, the
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design of these packagings, referred to as transuranic package transporters
(TRUPACTs), calls for inner and outer containers that are separated by poly-
urethane foam. The inner container has a steel inner frame with stainless-
steel sheets for sides; the outer container is similarly constructed except
that carbon steel is used for the sides. The access to each container is
through a hinged door that is sealed after loading; the seals on the two doors
insure double containment. According to present proposals, a TRUPACT used for
rail transport will contain forty-eight 55-gallon steel drums or eight metal
boxes measuring 4.3 by 3.3 by 6.2 feet. With external dimensions of approxi-
mately 24 by 8.9 by 9.8 feet, this packaging is expected to weigh 12 tons and
to have a maximum payload of 21 tons.

The development of a packaging proceeds in sequence through design, anal-
ysis, scale and prototype tests, and commercial fabrication. The conceptual
design for the rail version of the TRUPACT was formalized during 1979. De-
tailed design and scale-model tests are scheduled for 1980, and a safety-
analysis report will be prepared during 1980 and 1981. A prototype of the.
rail TRUPACT will be fabricated during 1981, and prototype testing and licens-
ing will be completed during 1982 and 1983. Commercially produced TRUPACTSs
for rail transport are expected to be available during 1986. A TRUPACT for
truck transport will be developed concurrently, with the development sequence
paralleling the sequence for rail TRUPACTS. Commercially produced TRUPACTSs
for truck transport are also expected to be avallable during 1986. Production
units could be available by 1987.

The packaging systems now being designed for the WIPP are intended to be
totally compatible with regulatory requirements. They will be subjected to a
full range of engineering tests. In addition, full-scale accident-simulation
tests will be conducted with provisions for public participation and obser-
vation.

6.3.2 Remotely Handled TRU Waste

Remotely handled.  (RH) TRU waste, which will account for a small percentage
of shipments to the WIPP, is commonly generated during the decontamination or
decommissioning of facilities that have handled radioactive materials. Gener-
ally composed of piping, valves, machine tools, concrete rubble, etc., remotely
handled TRU waste must be shipped in shielded containers. Although several
packagings could be used for Shlpment to the WIPP, two likely configurations
are (1) disposable shielded packaglngs (e.g., the concrete-shielded drums used
by the Federal Republic¢ of Germany at the Asse repository) transported like
contact-handled waste and (2) canisters placed in reusable shielded packagings
similar to those used for high-level waste. - In either configuration, the
waste shipments must be made in ‘packagings that meet Type B specifications.

6.3.3 High-Level Waste fOr'Expériments

High-level waste to be used in the WIPP experimental program will be
placed in canisters before being transported. Canister designs under con-
sideration range from 1 to 2 feet in diameter and 6 to 15 feet in length. The
longer canisters could be transported in the casks now used for moving spent
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fuel from nuclear reactors; the shorter canisters would be transportable in
shorter, lighter shipping casks, if such casks become available.

At present, there are no shipping casks designed specifically for trans-
porting canisters of high-level waste. There are, however, two conceptual
cask designs; each of these casks, if fabricated, would weigh 60 to 100 tons.
One design (Peterson and Rhoads, 1978) uses .a stainless-steel cavity lining
surrounded by a lead gamma-radiation shield. The lead, in turn, is enclosed
by a thick stainless-steel structural wall surrounded by a borated-water
neutron shield. A thick stainless-steel outer wall equipped with cooling fins
completes the body of the cask. The 1id of the cask is made of depleted
uranium and a solid hydrogenous material to provide shielding for gamma and
neutron radiation, respectively. This cask, 14.5 feet long and 8.2 feet in
diameteér, would have a capacity of nine l-foot-diameter, 10-foot-long
canisters. Another design (Sutherland, 1978) uses a stainless-steel cavity
lining surrounded by a layer of depleted uranium or lead as gamma shielding
encased by a stainless-steel structural wall. Water or solid hydrogenous
material provides neutron shielding. Copper fins for heat conduction extend
from the outer structural wall through the neutron-shield zone. A layer of
depleted uranium, incorporated into the end forgings, and a thick layer of
hydrogenous material provide radiation shielding at the ends of the cask.
This cask, 13.5 feet long and 5.5 feet in diameter, would have a capacity of
seven l-foot-diameter, 10-foot-long canisters.

6.4 ROUTES

The contact-handled TRU waste to be emplaced in the WIPP is currently
intended to come primarily from the Idaho National Engineering Laboratory
(INEL) and the Rocky Flats Plant. At present, the Rocky Flats Plant ships its
waste to the INEL, and most of the inventory at the INEL has come from Rocky
Flats. By the time the WIPP is in operation, Rocky Flats is expected to
process its waste and, for impact analysis, was assumed to ship it directly to
the WIPP instead of to Idaho. Other sites that would ship their waste to the
WIPP but are not directly considered in the impact analysis include the Han-
ford complex in southeastern Washington, the Los Alamos National Scientific
Laboratory in north~central New Mexico, and the Savannah River Plant in South

Carolina.

In arranging for waste transportation, the DOE will select the mode of
transport (rail or truck) and the type of carrier; the DOE may also select
major junction and interchange points along the routes to be followed by
contract and common carriers. Should the DOE or its contractor become a
private carrier, specific routes could be designated by the DOE. The contract
and common carriers will make whatever routing arrangements are necessary and
appropriate within the operating authority granted them by the Interstate
Commerce Commission. They will select routes for safety and shortest transit
time. A selection of typical rail-transportation routes to the WIPP from each
source of contact-handled TRU waste is shown in Figure 6-1. A number of routes
could be selected by the railroads, but the number of routes within 200 miles
of the WIPP is probably limited tc the routes shown in Figure 6-2, On either
rail route, the waste shipments would travel through Clovis, Roswell,
Carlsbad, and Loving, New Mexico.
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Figure 6-1. Typical rail transportation routes from principal sources (open circles).

A number of truck routes could be used, as shown in Figure 6-3, but once

the truck is within 200 miles of the WIPP, the number of likely routes is
probably decreased to one. As shown in Figure 6-4, shipments from the INEL

and Rocky Flats would most likely come through Vaughn, Roswell, and Carlsbad,
New Mexico. It is assumed for this analysis that truck shipments will follow

approximately the same routes as rail shipments. The approximate shipping
distances between the WIPP and the DOE sites are given in Table 6-1.

Table 6-1. Shipment Distances

Distance (miles)

Location ‘ " Truck °° °  Rail
Idaho National Engineering Laboratory 1200 1750
Hanford Site , ' 1750 2300
Los Alamos National Scientific :

Laboratory , 340 - NA
Savannah River Plant 1500 1500
Rocky Flats Plant 700 . 750
Oak Ridge National Laboratory 1300 1600
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Figure 6-3. Typical truck transportation routes to the WIPP.

The INEL will ship a small quantlty of remotely handled TRU waste to the
WIPP. Other sources of remotely handled TRU waste are the Oak Ridge National
Laboratory in Tennessee, the Hanford Site in southeastern Washington, -and Los
Alamos; this analysis does not consider the ‘latter- three ‘sources, however.

The routes for remotely handled‘ TRU waste from the INEL are expected to be the
same as those for contact-handled TRU waste.’ s

Sources of the high-level waste to be used in the experlmental program are. :
not defined at present. It is expected, however, that this waste will come by -
rail either from the Pacific Northwest Laboratory (PNL). near the Hanford Site
in the State of Wash1ngton or from the Savannah River Plant in South Garolina. ...
If the high-level waste comes from the PNL, the routes through New Mexico - ’*fﬁ,
could be the same as those described for the contact-handled TRU waste; if it
comes from Savannah River, however, it will probably traverse Texas and turn
toward New Mexico at Pecos, Texas. Shipments would then pass through Malaga
and Loving in New Mexico,
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6.5 VOLUMES OF WASTE AND NUMBER OF SHIPMENTS

The quantities of waste stored at the.various DOE sites are not precisely
known; that is, the estimates of these quantities (Dieckhoner, 1978--see .
Appendix E in this document) have large uncertainties associated with them.
~ This section estimates the shipment volumes for the various waste types and
‘details how the number of shipments is calculated.

)

6.5.1 Contact-Handled TRU Waste

. Table'6—2vgives the volume of waste shipped per year andhthé volumes of _
‘contact-handled TRU waste stored at the INEL. The waste volumes stored at.the.
- . INEL“were obtained from Appendix E. It is assumed that the waste shipped from
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the INEL to the WIPP is limited to the waste now stored above the ground. The
Rocky Flats Plant (RFP) produces much contact-handled TRU waste that has been
and is being shipped to the INEL; this practice is assumed to continue until
the WIPP becomes operational. By that time, Rocky Flats is expected to be
processing all of the waste it generates and to ship it directly to the WIPP. .

For contact~handled TRU waste, no volume reduction was assumed because no
processing technique has been specified; reduction factors would vary signifi-
cantly with the technique used.

It is estimated that one-~third of all INEL contact-handled TRU waste will
be shipped in boxes and two-thirds in drums. The waste shipped directly from
Rocky Flats is expected to be two-thirds boxes and one-third drums. It is
estimated that the backlog of waste will be eliminated during a l0-year cam-
paign, although the existing fleet of ATMX railcars and Super Tigers is insuf-
ficient to accommodate the backlog in 10 years. New production volumes for
the INEL were taken from Appendix E; new production at Rocky Flats was esti-
mated. The total volume shipped each year is the sum of backlog elimination
and new production. Even if the backlog volume is worked off in 10 years, the
total volume shipped each year, as estimated in this analysis, will be less
than the maximum throughput of the WIPP as defined in Chapter 8.

Table 6-3 presents estimates of the waste volumes that will be contained
in the shipments of contact-handled TRU waste. Both boxes and drums are
considered. The volume-per-shipment numbers were generated from the numbers
of boxes or drums that could be shipped in a Super Tiger or an ATMX railcar
since the design dimensions of new packagings are still subject to change.

Table 6-2, Volume of Waste Shipped per Year

Volume (ft3)

Backlog New waste Total waste
Backlog waste transported production shipped
Location waste per year? per year per year

CONTACT-HANDLED TRU WASTE

INEL (box) 700,000 i 70,600 23,000b 93,000
INEL (drum) 1,300,000 130,000 ‘- 45,000 180,000
RFP (box) None . ‘None 67,000 67,000
RFP (drum) : None ;- .None: ' . . 33,000 - 33,000
Total 2,000,000 o 200,000 ’ 170,000‘ -370,000¢

REMOTELY HANDLED TRU WASTE

INEL ' 14,000 1,400 . 2,800 4,200

aassumes backlég volume. is. transported in 10 years.

brrom limited sources other than the INEL.

CThis value is a best estimate, but the uncertainties in it may be
as high as +200%, -50%.

/
{
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Table 6-3. Volume of Waste in a Shipment
Volume of Number of Waste volume
. container containers per shipment
Mode Container (££3) per shipment (££3)
CONTACT-HANDLED TRU. WASTE
Rail?d Box 112 24 2700
Rail Drum 7.4 126 930
TruckP Box 112 ’ 8 500
Truck Drum 7.4 42 310
REMOTELY HANDLED TRUY WASTE
Rail ' 42 5 210
1 42

Truck 42

AATMX railcar assumed for rail shipment.
bType B container for truck shipment assumed to hold eight
boxes.

Tables 6~2 and 6-3 were used to generate Table 6-4, which presents the
number of shipments of contact-handled TRU waste to the WIPP site each year.
One additional assumption was made in estimating the number of shipments: 25%
of the total volume was assumed to be shipped by truck and 75% by rail.

6.5.2 Remotely Handled TRU Waste

The number of shipments of remotely handled TRU waste was determined by
methods identical with those used for contact-handled TRU waste. The backlog-
waste volumes were obtained from a DOE report (Appendix E). As suggested in
Section 6.3.2, remotely handled TRU waste could be shipped in at least two
configurations. To determine the number of shipments, this waste was assumed
to be canistered and placed in heavily shielded casks. Five canisters were
assumed for each rail shipment and one canister for each truck shipment.

Using the volume-shipped-per-year values from Table 6-2 and the volume-per-
shipment values from Table 6-3, the annual number of shipments of remotely
handled TRU waste was calculated (see Table 6-4).

6.5.3 - High-Level Waste for Experiments

Very small quantities of high-level waste will be shipped to the WIPP for
use in exper iments. The experimental program is being developed, and the
expected quantities of high-level waste. are estimated to establish baseline
transportation requirements. Current estimates will require the equivalent of
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Table 6~4. Annual Shipments of Waste

Rail Truck
Waste volume Number of Waste volume Number of
Location (ft3) shipments (ft3) shipments

CONTACT-HANDLED TRU WASTE

INEL (box) 70,000 26 23,000 26
INEL (drum) 140,000 155 50,000 161
RFP (box) 50,000 19 17,000 19
RFP (drum) 25,000 27 8,000 26
Total 290,000 227 100,000 232

REMOTELY HANDLED TRU WASTE

INEL 3,100 15 ~ 110,000 26

40 canisters of high-level waste. Since only rail casks have been designed

for high-level waste and since the designs allow a maximum of seven canisters
per cask, it has been assumed for a conservative consequence analysis that a
total of six shipments will be made during the operating life of the WIPP. It
is more likely, however, that more shipments would be made because the casks
may not be completely loaded with canisters; the high-~level waste will probably
be shipped only as the experiments are set up. Not all of the shipments are
likely to be made during the first year, but they should be completed within
the first 2 or 3 years of operation.

6.6 COST OF TRANSPORTING CONTACT-HANDLED TRU WASTE TO THE WIPP

The estimated cost of transporting to the WIPP the contact-handled TRU
waste currently stored in Idaho and the waste to be generated at Rocky Flats
over a period of 30 years is $230 million. This cost includes the costs of de-
veloping the packagings, of producing 14 rail and 13 truck packaging systems,
and of shipping the waste from the INEL and Rocky Flats. The development costs
are expected to be $10 million. The production’ costs for the rail and the
truck systems are estimated to be $22 million. - (The number of systems required
was based on the assumption that 25% of :the waste is shipped by truck and 75%
by rail.) The remaining $198 million will be the cost of shipping the waste.
In calculating this cost, the current rates of waste transportation from Rocky
Flats to the INEL were extrapolated to '1990-using an inflation rate of 10% and
were adjusted for distances to the WIPP. . The shipments were assumed to be lim-
ited by the volume of the waste in the:packaging and not by the weight of the
waste in the packaging; loads will- normally be limited .by volume if the waste
is not processed. The $230 million cost estimate does not include the costs
of shipping remotely handled TRU waste or high-level waste for experiments.
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6.7 RADIOLOGICAL IMPACTS OF WASTE TRANSPORT UNDER NORMAL CONDITIONS

Different forms of radioactive waste will be shipped to the WIPP from three
or four locations, by various modes of transport, and in various packagings. 4iip
All shipments will comply with DOT requirements to protect the public from ex-
posure to radiation. After defining the conditions of normal transport and
outlining the procedures used in the impact analysis, this section presents
the predicted impacts of waste transport under normal conditions.

6.7.1 Conditions of Normal Transport

In normal transport, the package of radioactive material arrives at its
destination without releasing its contents. The potential exposure of people
to radiation arises from the radiation emitted by the radiocactive material
inside the shipping containers. Even though the packaging has radiation
shields to protect the public and the workers involved in waste transport, a
radioactive-waste shipment exposes the population near the route to radiation;
this exposure, however, occurs at a very low dose rate that will not exceed
Federal regulations.

The population groups exposed to radiation are, in order of decreasing

~ exposure, those who directly handle waste packages; people working in the
vicinity of the packages and those accompanying them (members of the train

" crew or truck drivers); and bystanders, including people living or working
along the route, passing motorists, and train passengers. People nearest the
transported radioactive materials receive the highest doses.

In the analysis of waste transport to the WIPP site, the evaluations of

radiological impacts under normal conditions considered the doses received by
shipping crews as well as by the public.

6.7.2 Procedures Used in Analysis

This analysis uses the methods recommended and used by the NRC in its
environmental statement on the transportation of waste (NRC, 1977). These
methods provide quantitative estimates of doses that might be delivered to the
public by the transport of radiocactive material to the repository. The normal
transportation dose was evaluated by the RADTRAN computer code (Taylor and
Daniel, 1977), a code used by the NRC as well.

The normal transportation dose is estimated from information entered into
the three models that RADTRAN comprises (Figure 6-5). The standard-shipment
model requires input about the materials shipped, the transport index (dose
rate in millirem per hour at 3 feet from the accessible exterior surface of
the package), the type of shipping container, the number of shipments per year,
the number of miles per shipment, and the mode of shipment. The transportation
model requires such information as traffic patterns and miscellaneous shipment
information. The population-distribution model is used to define population
densities along shipping lanes.

The assumed number of shipments of contact-handled TRU waste from the INEL Gii
and Rocky Flats is given in Section 6.5. All INEL waste stored above the
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Figure 6-5. RADTRAN models used in calculating the impacts of
transportation under normal conditions.

ground would be sent to the WIPP; buried waste would not. The Rocky Flats
Plant produces much of the contact-handled TRU waste that has been shipped to
Idaho in the past; this practice is assumed to continue until the WIPP becomes
operational. It is assumed that by then Rocky Flats will have begun process-
ing all of its waste and shipping it directly to the WIPP. The number of
shipments of remotely handled TRU waste and high-level waste for experiments
is also given 1n Sectlon 6.5.

Table 6-5 presents selected data used as input to RADTRAN. Much of the
information was based on engineering judgment and is consistent with a recent
RADTRAN analysis of truck and rail transport (Smith and Taylor, 1978). Much
of the information is conservative and will result in overestimates of doses.

The maximum 1nd1v1dual dose was calculated from an equatlon that 1s
central to RADTRAN:
. oo
JX\

= dose-rate factor (mrem—ftz/hr)

= velocity {mph) . : :
perpendicular distance from shlpment path (feet)
absorption coefficient for air (0.0118 per foot)
distance from source (feet)

= Berger buildup factor in air (B{(r) = 0.0006r + 1)
dose at perpendicular distance x

e”Hr B(r) dr’
r(r2 - x2)1/2

-k
b(x) = 2 - (6-1)

where

TR X 4R
"

D(x




Table 6-5. Miscellaneous Input to the RADTRAN Code

Parameter Truck Rail

Number of crewmen 2 5
Mean velocity while crew is aboard, mph 51.5 38
Distance from source to crew, feet 10 500
Stopover, hours

In high-population zone 1 0

In medium-population zone 5 0

In low-population zone 2 24
Speed, mph

In high-population zone 15 15

In medium-population zone 25 25

In low-population zone ' 55 40
Fraction of travel

In high-population zone 0.05 0.05

In medium-population zone 0.05 0.05

In low-population zone 0.90 0.90
Traffic count, cars or trains per hour

In high-population zone 2800 5

In medium-population zone 780 5

In low-population zone 470 1
Number of people per vehicle 2 5

Dose rate, mrem/hr
Contact-handled TRU waste (surface :
of Super Tiger or ATMX car) 2 2

Remotely handled TRU waste (6 feet from
surface of Super Tiger or ATMX car) 10 10
High-level waste (6 feet from cask surface) 10 10
Dose-rate factor, mrem—ftz/hr
Contact~handled TRU waste 325 780

Remotely handled TRU waste and high-level waste 1000 1000

Equation 6-1 is used to calculate the dose received from a shipment by a
person standing x feet away along a line perpendicular to the shipment path.
The person is assumed to remain stationary while the shipment passes. The
average velocities for truck and rail and the dose-rate factors, all given in
Table 6-5, were used. The person receiving the highest exposure was assumed
to be only 25 feet from both shipment paths and to watch every shipment to the
WIPP, In other words, this most-exposed person would watch 459 shipments of
contact—haqdled TRU waste (232 by truck and 227 by rail) as well as 41 ship-

- ments of remotely handled TRU waste (26 by truck and 15 by rail) annually from

a vantage point that is only 25 feet from the shipment path.

The dose delivered to a person who is riding in a car stopped behind a
stalled truck is calculated from the equation

Ke™MI B(r)AT
¢ =
2

(6-2)
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where

= dose (mrem)

dose-rate factor (325 mrem—ftz/hr for truck)

absorption coefficient for air (0.0118 per foot)

distance from source (feet)

Berger buildup factor in air (B(r) = 0.0006r + 1)

= time during which the person stays near the truck (hours)

HER®ET RS
]

The equation is used to calculate the dose resulting from an occurrence in
which a truck carrying contact-handled TRU waste stalls, congests traffic, and
prevents following cars from proceeding. It was assumed that for 2 hours the
truck cannot be moved to the side of the road to allow cars to pass. The
distance from the car passenger to the cask is assumed to be 20 feet; the pas-
senger is assumed to remain in the car for the entire 2 hours while the truck
is stalled. No credit is taken for the shielding provided by the glass and
steel of the car. The dose-rate factor is calculated to be 325 mrem—ftz/hr,
the value given in Table 6-5.

6.7.3 Results of the Analysis

The results of the RADTRAN analysis are presented in Tables 6-6, 6-7, and
6-8. The population doses in Tables 6-6 and 6--7 are given in units of man-rem.
These results are the total doses received by persons living along each ship-
ment route, motorists traveling in the same and opposite directions, and people
around the shipment while it is stopped. The doses to the transportation crews
are given in Table 6-8. : '

The significance of the population doses can be examined by comparing them
with the doses received by the same population from natural background radia-
tion. The doses for persons living along each shipment route, for example, can
be compared directly with the natural-background doses that would be received
by people living within half a mile of the shipping route. At this distance
doses from transportation become negligible. This comparison can be made as
specific as possible by considering the truck route from Rocky Flats.

Approximately 450,000 people live in the l-mile-wide strip along the route
from Rocky Flats to the WIPP site. This population estimate is probably high,
but it is the number that was calculated by RADTRAN from the conservative
input; the conservatism is a result of averaging population densities for
routes from all sources. If each person along the route receives an average
of 0.1 rem.annually from natural background sources (Appendix 0), the popu-
lation dose resulting from natural rédioactivity.is 45,000 man-rem for the
truck route from Rocky Flats. The additional annual population dose of 0.4
man-rem from normal transportation, given in Table 6-6 for the sum of box and
drum shipments, is thus only about 0.001% of the dose received by the same
population from natural sources. .

Similar comparisons can be made for the other doses predicted by the
RADTRAN analysis. They show that the dose received by the public from the
transport of waste to the WIPP is many times smaller than the dose received
from natural background.
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.Table 6-6. Calculated Radiation Doses from the Normal Transportation
of Contact-Handled TRU Waste
Annual dose (man-rem)
Number Population Population
Origin of Miles Miles along surrounding
and shipments per per shipping Passing shipments at
mode per year shipment  year routes motorists rest stops Total
INEL (box)
Truck 26 1200 31,000 0.096 0.049 . 0.16 0.31
Rail 26 1750 46,000 0.34 0.0003 0.007 0.35
INEL (drum)
Truck 161 1200 190,000 0.59 0.31 0.99 1.89
Rail 155 1750 270,000 2,1 0.002 0.04 2.14
RFP (box)
Truck 19 700 13,000 0.04 0.02 0.12 0.18
Rail 19 750 14,000 0.11 0.0001 0.005 0.12
RFP (drum)
Truck 26 700 18,000 0.06 0.03 0.16 0.25
Rail 27 750 20,000 0.15 0.0001 0.008 0.16
Total 459 602,000 3.5 0.41 1.5 5.4
Table 6-7. Calculated Radiation Doses from the Normal Transportation
of Remotely Handled TRU Waste and High-~Level Waste for
Exper iments
Annual dose (man-rem)
Number Population Population
Origin of Miles Miles along surrounding
and shipments per per shipping Passing shipments at
mode per year shipment year routes motorists rest stops Total
REMOTELY HANDLED TRU WASTE
INEL
- Truck 26 1200 31,000 0.29 0.15 0.49 0.93
Rail 15 1750 26,000 0.26 0.0002 0.005 0.26
Total 41 57,000 0.55 0.15 0.50 1.19
HIGH-LEVEL WASTE
Hanford,
rail 6 2300 13,800 0.14 0.00012 0.002 0.14
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Table 6-8. Calculated Radiation Doses Received by Transportation Crews

from All Waste Types

Annual dose (man—rem)

CH TRU waste (box) CH TRU waste (drum)

RH TRU High-level

Mode INEL RFP ' INEL RFP waste

Truck 2.4 1.0 14.9 1.4 4

Rail 0.01 0.004 0.08 0.006 01
aNot applicable.

103

Dose (mrem)

108 1 L

© CH waste, truck
O CH waste, rail

A RH waste, truck __|
® RH waste, rail

8 10 100

Distance from road (feet)

1000

Figure 6-6. Radiation doses received by a person standing near

various waste shipments'as they pass.
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The most-exposed person ‘(described in Section 6.7.2) would receive an
additional '0.00015 rem annually. This dose can be compared directly with the
0.1-rem background dose he would receive annually. Figure 6-6 presents addi-
tional data for an individual exposed to.a single waste shipment. Each curve Gii
on the graph defines the dose received from one shipment of waste at varying
distances from the shipment path; each curve represents a different waste
type. For example, a person standing 10 feet from the path of a truck that is
carrying contact-handled TRU waste would receive about 0.0000003 rem per
shipment (0.1 rem for every 3300 shipments).

The person detained in a car for 2 hours while waiting for the stalled
truck to move would receive an' external dose of about 0.0016 rem.

In all scenarios examined for normal transport, the additional increment
of exposure received by the public is very small when compared with annual
exposures to background radiation. The health effects resulting from this
exposure would be undetectable (Appendix O).

6.8 RADIOLOGICAL IMPACTS OF WASTE TRANSPORT UNDER ACCIDENT CONDITIONS

This section discusses the potential  impacts of transportation accidents
on the public. It addresses these questions: What is the likelihood of these
accidents? What are the effects of accidents that result in some release of
radioactive material?

To answer these questions, accident scenarios were developed; they model
low-probability transportation accidents. Accidents that could release some
radioactive material would have to be severe enough to break open a Type B
packaging. Accidents of such severity have a low probability; accidents that
could occur with a high probability would not be severe enough to release
appreciable amounts of radiocactivity.

After the scenarios were developed, the quantities of released radioactive
material were estimated. Using these release estimates, an assumed population
distribution surrounding the accident location, and assumed weather conditions
at the time of the accident, an assessment was made of the effects of the acci~
dent on the public. Using the assumed conditions of release, the probability
of release was estimated from published data (Dennis et al., 1977; NRC, 1977).

6.8.1 Accident Conditions Exceeding Regulatory Test Conditions

\

Most tran;portation accidents would not be severe enough to release any
radiocactive waste from the packagings that will be used for the WIPP. 1In all
the scenarios, DOT Type B packagings were assumed because the radiocactivity
content of all the expected shipments will exceed the limits for Type A packag-
ings. A description of their behavior under accident conditions (NRC, 1977)
was used in estimating the amount of material released in all the scenarios,

v
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Figures 6-7 and 6-8, taken from a study (Dennis, 1978) of actual accidents,
show the cumulative probability of rail and truck accidents as a function of
the change in velocity experienced by the packaging or the duration of a
fire. These figures can be used to determine what percentage of accidents
result in environments at least as severe as the environments produced during
the testing of Type B packagings.

All Type B packagings are certified to survive sequential exposure to a
series of test environments., These test environments, described in 49 CFR
173.398, are designed to simulate very severe transportation accidents. The
complete sequence consists of the following tests in the order indicated:

. Drop test: a 30-foot drop onto an unyielding target.

. Puncture test: a 40-inch drop onto a 6-inch-diameter probe.
. Thermal test: a 30-minute-duration fire at 1475°F.

. Water-immersion test: an 8-hour submersion in water.

B> W -

The existing certification-test standards for Type B packagings are super-
imposed on Figures 6-7 and 6-8. Figure 6-7 shows the cumulative probability
of truck and rail transport accidents versus the velocity change that occurs
during these accidents. Normally, the greater the packaging velocity is at
impact, the greater the severity of the impact. Similarly, Figure 6-8 shows
the cumulative probability of occurrence versus the duration of a fire in a
truck or rail accident. The measure of fire severity is the duration of the
fire. The minimum protection levels provided by the certification-test se-
quence for Type B packagings for the impact and fire environments are given in
Table 6-9.

The information in Table 6-9 can be stated in a different manner. 1In the
drop test the packaging strikes an unyielding surface at an impact velocity of
30 miles per hour. The transporting vehicle would have to be traveling at a
much greater velocity (more than 60 miles per hour) in order for its package
to impact at 30 miles per hour; experiments show that the crushing of the
vehicle would slow a package from 60 to 30 miles per hour. Furthermore, there
are few, if any, truly unyielding surfaces along transportation routes. For
these reasons, more than 99.5% of all truck accidents and more than 99.6% of
all rail accidents are less severe (less intense) than the regulatory require-
ments for the impact environment. Similarly, the fire environment of the
standards provides protection against fire environments that are not likely to
be exceeded in 99.9% and 99.8%, respectively, of all truck and rail accidents
resulting in fire. '

Table 6-9. Percentage of Accidents That
Do Not Exceed the Test Condi-
tions in Regulatory Standards

Transport mode - Impact . - Fire
Truck © 99.5% 99.9%
Rail 99.6% 99.8%
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As shown in Table 6-9, the 49 CFR 173.398 licensing-criteria tests provide
complete protection for all but a very small fraction of truck and rail acci-
dents involving Type B packagings. However, in the remainder of this section,
accidents more severe than those covered 1n 49 CFR 173.398 are considered for
purposes of analysis.

6.8.2 Accident Conditions for Scenarios

Five hypothetical accidents (one for each type of waste and mode of
transportation) are considered in this section. They would be spectacular
accidents that would require a compounding of unlikely circumstances. The
shipping data and accident rates discussed earlier were used to calculate the
annual number of accidents of all types and modes. The probabilities of these
hypothetical accidents are given in Table 6-10. Since many parameters (plume
size, cloud height, wind direction, packaging damage, and population
densities) have been selected conservatively in order to bound the conse-
quences of transportation accidents, the probabilities of the accidents
hypothesized here are very small. The scenarioc analysis described below was
performed for accidents whose effects are much more severe than those of the
vast majority of actual transportation accidents. The likelihood that such
severe accidents will occur at all is nearly zero, as can be seen in the third
column of Table 6-10.

6.8.3 Procedure: Construction of Accident Scenarios

This analysis is based on the five different accident scenarios described
below. Each of the scenarios was assumed to take place in two locations with
different population densities and distributions. To model typical urban
population centers along the routes that will carry waste to the WIPP, the
study uses detailed population data for a large urban area (Albuquerque, New
Mexico) and for a small urban area (Carlsbad, New Mexico). The use of specific
data does not restrict the applicability of the results of the study; these
particular urban areas were selected because their population densities are
representative of many other cities along‘poténtial routes.

Climatic conditions were selected to produce the greatest credlble popula-
tion doses. Because conditions prevalllng at' the time of an accident are
likely to‘'vary widely, there are no typical conditions représentative of all
the urban areas along the route. Pasquill atmospheric-stability category F
(stable conditions), a wind speed of 2.2 miles per hour (1 meter per second)
and an inversion layer at 3300 feet (1000 meters) were used to calculate the
dispersion of the radioactive material released. These are typical of night
conditions with limited atmospheric mixing and‘therefore the greatest
concentrations of dispersed-materials. - It has ‘been suggested that other at-
mospheric stability categories will not produce greater impacts, because of
the higher wind speeds associated with them. Even though other- ¢ategories may
result in higher ground-level concentrations than category F if the wind
speeds are the same, category P results in the greatest concentrations at the
wind speeds that accompany the categories. 1In setting up the mathematical
analysis of the accidents, a virtual point source was used to simulate a
dispersed source 49 feet high, a release height that, while representative of
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Table 6-10. Approximate Frequency of the Hypothetical Accidents
o Presented in This Section . .

Frequency of : Estimated

accidents exceeding interval between
Frequency of regulatory test accidents under
Waste type and all. accidents conditions scenario conditions
transportation mode - (per year) (per year) (years)
Contact-handled
TRU waste
Rail 3.5 : 0.007 40,000
Truck 0.6 0.0006 450,000
Remotely handled
TRU waste
Rail 0.3 0.0006 - 450,000
Truck : 0.07 0.00007 4,000,000
High-level waste
for experiments, ;
rail . 0.142 0.00028 1,000,000

" @por 1 year only.

release heights in accidents involving fire, maximizes the exposure of a
close~in individual.  The released radioactive material was assumed to pass
into the most densely populated areas in the modeled regions; in all prob-
ability, the wind would actually blow toward the most densely populated areas
only a fraction of the time.  Population densities out to a distance of 50
miles were used in the calculation.

The computer code AIRDOS-II (Moore, 1977), used to compute the dispersal
of the radioactive material and to predict its transport to the public, assumes
that the accident location and the surrounding terrain are flat and that the
plume of dispersing radioactive material does not interact with buildings or
other surface irreqularities. 1In an urban environment with buildings, surface
irregularities, and thermal anomalies, a plume will disperse more rapidly than
in open country. Consequently, stability category E (slightly stable) or F
(stable) is more appropriate than category G (extremely stable). Diffusion
conditions typical of stability category F were chosen to obtain a conserva-
tive midrange atmospheric condition. No scavenging of radioactive material
from the plume by rain or snow was assumed. The quantity of radionuclides
released, population densities, and meteorological data were input to
AIRDOS-II. : L

The output from the AIRDOS-II code is the effects experienced by the gener--.

al public. 1In this study these effects were evaluated in terms of radiation
doses received from external exposures and 50-year radiation-dose commitments
received from continuing exposure to inhaled radioactive material.  The more
important of these effects were the 50-year dose commitments,

_Although it is possible that a severe transportation accident would con-

taminate'crqps or ‘animals, the affected areas would be small enough to be
placed under strict controls shortly after the accident. After accidents
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whose severity even approaches the severity of those postulated in this anal-
ysis, crops, milk, and animals would be inspected; if contaminated, they would
be condemned and destroyed (NRC, 1977, pp. 5-33 and 5-38). Radiation exposures
from eating contaminated food are therefore not credible results of a transpor-
tation accident. Accordingly, this analysis predicts no dose commitments re-
ceived by the ingestion pathway; only dose commitments from inhalation appear
in the results.

Hypothetical rail accident involving contact-handled TRU waste probablllty
of 1 in 40,000 years)

The assumed rail accident involves a flatbed railcar loaded with three
Type B packagings. Each packaging contains 42 drums of contact-handled TRU
waste (drums only are considered in the scenarios because, for any single
shipment, they would provide a greater level of radioactivity). The flatbed
car is assumed to derail during a violent train collision near the center of an
urban area. The violent collision is followed by a fire that is assumed to
last for about half an hour. It must be emphasized that such a violent acci-
dent in an urban area is nearly incredible because in all urban areas speeds
are decreased for movement through other rail traffic and over switches. The
crushing forces from the impact are assumed to cause half the drums to release
their contents within the packaging. Only half these drums are assumed to re-
lease their contents because the drums, contained by the Type B packaging,
provide their own buffer; that is, the drums away from the impact surface are
cushioned by surrounding drums. The release fraction of one-half was based on
actual accident experience involving unprotected 55-gallon drums: a shipment
of yellowcake (uranium ore concentrate) near Springfield, Colorado (NRC, 1978),
and a shipment of yellowcake near Wichita, Kansas (NRC, 1979). 1In both acci-
dents, about half the drums released their contents. The drums were not in a
Type B packaging, however, so these results, when applied to this scenario,
provide bounding conditions. ‘Approximately 10% of the material released from
the drums within the Type B packaging is assumed to be released, as assumed by
the NRC (1977) for a similar accident. Thus, under the assumptions proposed
here, the equivalent of approximately 6.3 drums of contact-handled TRU waste
might be exposed.

It should be pointed out that the contact-handled TRU waste described in
this section is not assumed to be.processed or immobilized. The impacts of
transportation are thus bounded since unprocessed waste is more readily dis-
persed under accident conditions. :

Two mechanisms that cause.the exposed material to become airborne are the
burning of combustibles and the entrainment of fine particulates in air. To
calculate the effects of burning, this study assumes that, of the 6.3 drums of
contact-handled TRU.waste that are exposed, 25% is combustible material in the
form of rags and: paper. : .Data have been obtained from: experiments in which
combustible materials .contaminated with simulated TRU nuclides were. burned.
Mishima and Schwendiman (1970, ‘1973a)  have. measured releases for a varlety of
waste forms and confinements. Those measurements suggest the conservative
assumption that 1% of:.the. TRU waste in the released -combustible material is
airborne and respirable. The fire will therefore produce an airborne and
respirable release of the equivalent of 1.6% of a drum's content.

Additional material may become airborne as a result of entrainment by the
wind. For the climatic conditions assumed in this scenario (low wind speeds
and generally stable conditions), only the finest powder is likely to be
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entrained in the air and transported beyond the immediate vicinity of the
packaging. It is expected that much of the contact-handled TRU waste shipped
to the WIPP will be metal scrap, rags, sludge, and sludge-concrete mix. Con-
sidering data presented by Shefelbine (1978), this study assumed that 10% of -
the contact-handled TRU waste will be in a fine-powder form after the acci-
dent. Thus, of the exposed contact-handled TRU waste, only 0.63 drum is as-
sumed to be in the form of a powder that could become airborne. This assump-
tion is likely to be conservative because one of the waste-acceptance criteria
limits the allowed quantity of particles smaller than 10 microns in diameter
to 1% by weight.

Empirical data have been obtained for the entrainment in air of dry powders
deposited on various surfaces (Mishima and Schwendiman, 1970, 1973b); the meas-
ured entrainment fractions for a dry powder deposited on a roadlike surface
were used in analyzing this scenario. Mishima and Schwendiman found empirical-
ly that 0.14% of a dry powder was entrained after being subjected to a 2.5-mph
wind for 6 hours. This value was obtained under carefully controlled condi-
tions in which dry powder was placed gently on the roadlike surface. This
percentage is probably not large’ enough for this scenario, in which some of the
powder might be dispersed as it falls to the road bed. For this reason, 1.4%
of the dry powder (a value 10 times the experimental value) is estimated to be
entrained in air during the estimated 6-hour cleanup of the accident scene.

The exper iments also indicated that only 62% of the airborne powder is of
respirable size. The equivalent of 0.63 drum is exposed to the air as a dry
powder, 1.4% of the powder is entrained in the air, and 62% of the entrained
powder is respirable. Thus, the wind will produce an airborne and resplrable
release of the equivalent of 0.55% of one drum,

The total release that is airborne and respirable is the sum of the re-
leases from the two mechanisms, fire and wind; the total release is the equiv-
alent of 2.2% of a drum. From Appendix E, the radioactivity airborne and
respirable is- : ’

Isotope Release (Ci) N
Pu-238 0.00086

Pu-239 0.01

Pu-240 0.0025

Pu-241 0.061

Am-241 0.00016

Hypothetical truck accident involving contact-handled TRU waste (probablllty
of 1 in 450,000 years)

A truck carrying one Type B packaging containing 42 drums is assumed to
crash near the center of an urban area. A subsequent fire is assumed to engulf
the packaging and its contents for half an hour. As in the rail accident, half
the drums are crushed from shifting caused by the impact force.” They release
their contents within the packaging, and 10% of the loose material within the
packaging is released. Thus, the equivalent of 2.1 drums of uncontained waste
may be exposed to the fire. About 25% of the contact-handled TRU waste is
assumed to be in the form of rags and paper and therefore combustible. It is
thus assumed that about 0.5 drum of contact-handled TRU waste is exposed and
combustible.

6-32

o

v



In addition to respirable material released by the fire, there may be addi-
tional respirable material released from solid noncombustible materials by the
wind, as discussed for the hypothetical rail accident. These two sources pro-
vide the total airborne release, about 0.7% of a drum's contents. From inven-
tories given in Appendix E, the radioactivity airborne and respirable is

Isotope Release (Ci)
Pu-238 0.00029
Pu-239 0.0034
Pu-240 0.00084
Pu~241 0.02
Am-241 0.000055

Hypothetical rail accident involving remotely handled TRU waste (probability
of 1 in 450,000 years)

A shipping cask for remotely handled TRU waste will be heavily shielded
and capable of dissipating heat generated by the waste inside. A cask used
for rail transport would be larger and heavier than a cask used for truck
transport and would carry greater quantities of waste.

The hypothetical accident involves a rail flatcar loaded with a cask con-
taining five canisters of remotely handled TRU waste. After a violent train
wretk in an urban area, the cask becomes enveloped in a fire that lasts about
an hour. As a result of impact and fire, volatile fission products contained
in the canisters are assumed to be released, even though breaching the cask
and heating the waste to the point of volatilizing the cesium-137 are highly
unlikely because the casks are so massive. Making such an unlikely assumption
adds even more conservatism to this scenario. It is further assumed that 1%
of the cesium-137 is released from the canisters to the interior of the cask
and that 10% of the released cesium-137 escapes from the cask to the environ-
ment; 0.1% of the cesium inventory, therefore, reaches the environment. That
this assumed release fraction is reasonable is suggested by the results of
another study (NRC, 1976), which estimates that 0.06% of the cesium inventory
in spent fuel would be released in a high-temperature environment. Since
there are 65.3 curies of cesium-137 in each of the five canisters (see Appen-
dix E), the release to the atmosphere during this scenario is

Isotope Reléase {Ci)
lsotope

Cs-137 ;‘ .0.33

Hypothetical truck acc1dent 1nvolv1ng remotely handled TRU waste (probability
of 1 in 4 million years). :

The same assumptions are made for the truck accident as for the rail
accident except that only one canister of remotely handled TRU waste is
carried in a truck cask. The release to the atmosphere, which is only
one-fifth of the release in the rail accident, is

Isotope Release (Cif

Cs~-137 0.066
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Hypothetical rail accident involving high-level waste for experiments
(probability of 1 in 1 million years)

Since high-level waste will probably be in a solid form (glass or ceramic)
and will be shipped in a rail cask, the hypothetical conditions for the rail
accident involving remotely handled TRU waste are assumed: a violent wreck, a
subsequent fire, and release of volatiles. The only volatiles in high-level
waste available for release are cesium-134 and cesium-137. The released
fraction of each isotope (0.001) is the same as the fraction used in the
scenar ios for remotely handled TRU waste.

Since there are 1.4 million curies of cesium-137 and 13,000 curies of
cesium-134 (as described in Appendix E), the releases to the atmosphere during
this scenario are

Isotope Release (Ci)
Cs-134 13
Cs-137 - 1420

6.8.4 Results of the Analysis

In this accident analysis, the inhalation of radionuclides is the primary
pathway to people. When radiocactive material is inhaled, a fraction of it is
retained in the body. Retained material continues to irradiate the body until
it can decay or be removed by biological processes. By convention, the dose
given off by radioactive material while in the body is integrated over a
50-year period after inhalation. This integrated dose is called the 50-year
dose commitment (Appendix O). For materials that decay rapidly or are removed
quickly, most of the dose commitment is received during the first year or two.
For long-lived materials that remain in the body, the dose is relatively uni-
form over the entire 50 years. The results of the accident analysis are given
in terms of the 50-year dose commitment to the whole body, to the bone, and to
the lungs.

For the assumed climatic conditions, the individual receiving the maxi-
mum dose will be a person who remains 330 feet downwind from the accident
during the entire time the cloud of radiocactive material is passing; Table
6-11 presents the doses received by this hypothetical person. Figure 6-9
shows plots of distance versus dose to the whole body, the bone, and the lungs
of the maximally exposed person in the hypothetical accident with contact-
handled TRU waste. From this graph, it is seen that a person standing 100
feet from the scene would receive a smaller dose than a person standing 330
feet from the scene. As the distance increases beyond 330 feet, the doses
decrease steadily. Because it takes time for particles released above the
ground to fall to the surface, the calculated doses also decrease steadily as
the distance decreases below 330 feet. The point where the maximum dose is
received can be closer to the accident or farther away, under different
meteorological assumptions and different limitations on the model.

The calculated doses may be compared with the doses received from nat-
ural background radiation. An average individual in the general public will
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Table 6-11. Doses Received by an Individual@

50~year dose commitment (rem)b
Scenario Bone Lung Whole body

Contact-handled TRU waste

Rail 17.4 0.87 0.42
Truck 5.8 0.29 0.14
Remotely handled TRU waste
Rail 0.008 0.002 0.007
Truck 0.0016 0.0004 0.0014
High~level waste for
exper iments 37 9.1 33

aThe maximum dose is received by a person 330 feet from the
accident.

bposes from natural background radiation are 5 rem to the bone
and the whole body during 50 years and 1.8 rem to the lung during
10 years, as explained in the text.
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Figure 6-9. Radiation doses received by a person from the
accident scenario for contact-handled TRU waste.
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receive 5 rem of whole-body dose over 50 years from natural radioactive
sources (NCRP, 1975). The maximum whole-body dose commitment received by an
individual from the most severe accident scenario is 33 rem, which is almost
seven times the 50-year natural-background dose (5 rem) he would receive to
the whole body. The bone- and lung-dose commitments from the tables can also
be compared with background values. The average dose rates from natural-
background sources are approximately 0.1 rem per year to the bone and 0.18
rem per year .to the lungs (NCRP, 1975). As an indication of the significance
of the bone- and lung-dose commitments in the tables, the bone dose should be
compared directly to the 5 rem received by the bone from natural radiation in
50 years, and the lung-dose commitment should be compared to the 1.8 rem
received by the lung from natural radiation in 10 years. Because of biologi-
cal clearance, the 50-year dose commitment to the lung is received within 10
years of intake. Consequently, a comparison is more accurately made to a
10-year cumulative background dose.

The population dose commitments in Tables 6-12 and 6-13 represent the sum
of the dose commitments received by all individuals affected by the dis-~
persion of the radioactive material.

In an emergency situation, local government control could keep people
from handling the wastes or remaining at the scene of the accident. Emer-
gency personnel, however, may be forced to go much nearer the accident scene
in order to rescue injured people or save equipment. Estimates were made of
the exposure they might receive from the releases assumed in the high-level-
waste scenario. This scenario was used for the analysis because it had been
shown to have the worst impact. The following assumptions were made: the
wind blows in one compass quadrant at 2.2 mph; the emergency worker moves to
a point within 16 feet of the accident wreckage and cannot proceed further
because of the intense heat; he remains there for 5 minutes; the source is at

Table 6-12., Dose to a Small Urban Area?

Dose commitment (man—rem)b

Scenario Bone Lung Whole body
Contact~handled TRU waste
Rail 7680 390 190
Truck 2560 130 62
Remotely handled TRU waste
Rail 3.6 0.9 3.2
Truck 0.6 0.2 0.7
High-level waste
for experiments 16,600 4050 14,800

Apapproximately 6000 people are affected by the plume.

brhe doses received by this population from natural back-
ground radiation are 30,000 man-rem to the bone and to the whole
body during 50 years and 11,000 man-rem to the lung during
10 years.
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Table 6-13. Dose to a Large Urban Area?

Dose commitment (man—rem)b
Scenario ~ Bone Lung Whole body

Contact-handled TRU waste

Rail 13,200 660 330
Truck 4410 220 110
Remotely handled TRU waste
Rail 6.2 1.5 5.4
Truck 1.2 0.3 1.1
High-level waste
for experiments 28,500 6960 25,400

4ppproximately 105,000 people. are affected by the plume.

brhe doses received by this population from natural back-
ground radiation are 525,000 man-rem to the bone and to the
whole body during 50 years and 189,000 man-rem to the lung
during 10 years.

ground level. Calculations using these assumptions predict that a rescue
worker would receive 50-year dose commitments of 50 rem to the bone, 8 rem to
the lung, and 44 rem to the whole body. These doses are large but certainly
not fatal, and it is likely that the traumatic bodily injuries sustained while
contending with the wreckage and fire would be much more significant.

6.8.5 Cost of Decontaminating the Scene of the Accident

The radiocactive contamination resulting from very severe accidents, simi-
lar in magnitude to the scenarios described previously, is expensive to con-
trol and clean up. The expenses are great because many actions are required
for the control and cleanup of contamination. Emergency crews, responding
quickly, may have to clean up buildings and streets, perform radiological
surveys, evacuate highly contaminated areas} secure the areas being cleaned,
and deny the use of land if the situation requlres such action. In general,
the overall cost of cleaning up after an accident 1ncreases with the amount of
contamination. g

The costs of controlling the contaminated areas and cleaning up after an
accident have been studied in considerable detail in the Urban Study (Finley
et al., 1980), which estimates these’ costs. for a densely populated urban en-
vironment. By using figures presented in the Urban Study, the costs of con-
trolling and cleaning up were estimated for accidents that produce releases
equal to the releases in the scenarios; the estimated costs are presented in
the fourth column of Table 6-14. The costs given are the costs that would be
necessary to reduce contamination to levels that are currently recommended by
the Environmental Protection Agency (0.2 microcurie per square meter for both
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short-lived and long-lived nuclides). The costs are large, ranging from
$13,000 to $500 million (1979 dollars), but these scenarios might be expected
to occur only once in 40,000 years to once in 4 million years. Since these
estimates are for a densely populated urban environment, they are much higher
than the costs expected for an accident in a suburban or rural environment.
They are even much higher than the costs would be in most urban environments. -

These cost estimates are made using many assumptions. They are crude at

best, and such factors as inflation, court settlements, and psychological
impacts cannot be included in them.

Table 6-14. Decontamination Costs for Accidents in Urban Environments

Radioactivity  Expected rate of Estimated cost
Scenario released (Ci) occurrence (per year) (1979 dollars)
Contact-handled TRU
waste
Rail 0.074 1/40,000 © 80,000
Truck 0.025 1/450,000 13,000
Remotely handled TRU
waste
Rail 0.33 1/450,000 3,000,000
Truck 0.066 1/4,000,000 40,000
High-level waste
for experiments 1430 1/1,000,000 500,000,000

6.9 NONRADIOLOGICAL IMPACTS OF WASTE TRANSPORT
UNDER ACCIDENT CONDITIONS

As with any new transportation activity, the shipment of waste to the WIPP
will result in an incremental increase in the number of injuries and deaths ex-
pected for the transportation industry. These deaths and injuries are not in
any way related to the radioactive material being transported; if the WIPP
shipments contained cargo other than radiocactive material, the number of these
injuries and deaths would be the same.

The number of miles traveled by all WIPP shipments, calculated from Tables
6-6 and 6~7, are presented in Table 6-15. Also contained in the table are
accident statistics (DOE, 1979, pp. 7.2.12 and 7.2.7) for the expected number
of injuries and accidents per mile of travel. From the miles traveled and the
accident statistics, the numbers of expected injuries and deaths were calcula-
ted. For each year of shipments, nearly one injury would be expected; for
every 12.5 years of shipments, one death would be expected.
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Table 6-15. Expected Injuries and Deaths from Nonradiological Causes

'

Transport Total shipment  Expected consequences per Expected consequences
mode including return million miles of travel - per year
trip (miles/yr) Injuries Deaths Injuries Deaths
Rail 770,000 0.6 0.06 0.44 0.04
Truck 570,000 0.7 0.07 0.40 0.04
Total 0.84 0.08

6.10 INTENTIONAL DESTRUCTIVE ACTS

The public is concerned about the safety and security of shipments of
radioactive materials if subjected to terrorist attack. While the public per-
ceives a terrorist attack on a radioactive shipment as being both easy and
harmful, such an attack is difficult to implement, requires skilled and trained
personnel, and has no guaranteed impact. Nevertheless, terrorists might at-
tempt to threaten to release radioactivity from radioactive waste because of
the expected highly emotional reaction of the public.

The Urban Study (Finley et al., 1980) estimated the consequences of suc-
cessful attacks on spent fuel in very densely populated areas; these estimates
have created sufficient concern among Federal agencies to prompt the NRC to
write interim regulations for the physical protection of spent-fuel shipments
by truck and rail. The regulations will remain in effect until ongoing re-
search projects that are examining the response of spent fuel under sabotage
conditions determine what controls are actually required.

Radioactive materials to be shipped to the WIPP, including contact-handled
and remotely handled TRU waste, do not pose as serious a hazard as spent fuel
and do not present as attractive a target for terrorist activities. The mass
of the packagings and the relatively small radioactivity content of the TRU
waste make these WIPP shipments a less attractive target than spent-fuel ship-
ments. For rail shipments, there would be tremendous difficulty in moving the
massive overpacks or casks-to a location where a release would do the most pub-
lic harm. For truck shipments, the truck would have to be diverted to a loca-
tion where it would do the most harm. ‘However, stealing a truck laden with a
massive packaging is not likely to occur without detection. For solidified or
immobilized waste (e.g., processed contact-handled TRU waste, most remotely
handled  TRU waste, and high-level waste for experiments), dispersal .could be
accomplished only using very large charges of high explosives. - For unproc-
essed waste, large quantities of high explosives might scatter material over a
large area and present a "pick-up" problem but not a health problem. The
major impact of such events would be the blast and missile damage, which would
far overshadow any radiological effect. Fire is not very effective as a means
of either generating or dispersing respirable material. In a densely popu-
lated area, where most public harm could be inflicted, the time required for a
fire to threaten the packaging would allow time for a fire department to extin-
guish the blaze.
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Even though a successful attack is highly unlikely, it is assumed to occur
in this analysis because no absolute assurance can be made that it will not
occur. The fractions of material released as a result of a successful attack
were estimated by using the Urban Study as a guide. The release fractions that
might be used for WIPP shipments are given in Table 6-16. The release frac-
tions for remotely handled TRU waste and high-level waste are the same as those
given in the Urban Study for spent fuel. The value was considered applicable
to these waste types because they will probably be transported in casks similar
in shape and dimension to spent-fuel casks. The release fraction for processed
contact-handled TRU waste is slightly smaller. Unprocessed contact-handled TRU
waste has such a low radionuclide content and potential for harm that no re-
lease fraction is given for it.

Table 6-16. Release Fractions Assumed for
Intentional Destructive Acts

Waste type Release fraction

Contact-handled TRU waste

Unprocessed Very low
Processed" 0.0005
Remotely handled TRU waste 0.0007
High-level waste
for experiments , 0.0007

Because of its higher radioactivity content per shipment, the most poten-
tially harmful target is the high~level waste to be used for experiments.
Since the number of shipments of high-level waste would probably be no more
than six or seven during the lifetime of the WIPP, high-level waste presents
minimal exposure to the possibility of attack. The impact of a sabotage at-
tack on the high-level waste was calculated from the meteorological conditions
and population distributions used for the transportation accidents, in order
to make a direct comparison of the two sets of impacts.

Assuming that an attack is successful, the expected impacts would be seri-
ous., The calculated whole-body dose is about 2.5 times higher than that of
the high-level-waste accident. (as described in Tables 6-11, 6-12, and 6-13),
but the lung and bone doses are nearly 20 times and 70 times higher, respec-
tively. The bone dose is so much higher because the isotopes of plutonium are
not released to the atmosphere in the high-level-waste transportation acci-
dents but would be released in an intentional act. The bone and whole-body
- doses are high and would certainly harm people; however, it should be empha-
sized that the release fractions used are very conservative estimates that
have no experimental basis. It must also be remembered that, while the like-
lihood of such a terrorist attack or its success cannot be estimated, a
successful attack would be extremely difficult.

An exper imental program designed to simulate conditions created by a ter-
rorist attack is in progress. 1Its general purpose is to determine package
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response to terrorist attacks and to determine the characteristics of any re-
leased material. The program will provide information on the released frac-
tion of material and the particle-size distribution of the material, informa-
tion that is needed for the accurate assessment by analytical models of the
radiological consequences to the public.

The first phase of the program is evaluating the response of spent fuel
and spent-fuel packagings. Experiments are proceeding from model tests with a
spent-fuel surrogate to scaled generic tests with spent fuel. A second phase
will examine other radioactive materials, including contact-handled TRU waste,
should it be shown that a significant hazard to the public results from inten-
tional destructive acts involving spent fuel.

6.11 EMERGENCY PROCEDURES

As discussed in Section 6.3, the packagings in which the wastes will be
transported to the WIPP are designed to withstand the most severe accidents
without releasing their contents. However, as an additional precaution to
protect public health and safety during waste shipments to the WIPP, emergency-
response capabilities and procedures for transportation accidents will be de-
veloped. The current status of these capabilities and procedures, as well as
the plans for their future development, are discussed in this section.

The DOE WIPP Project Office, under the requirements of ERDA Manual Chapter
0601 (ERDA, 1976), will develop an overall emergency-preparedness plan for the
WIPP. The preparation of the plan will involve several groups that have
various kinds of responsibility or authority for it. The DOE is responsible
for informing concerned persons about the hazardous nature of the transported
materials in situations where emergency-response plans would be put into ef-
fect. States have the authority, if not the responsibility, to develop
emergency-preparedness plans for transportation accidents involving poten-
tially hazardous materials. Most states have emergency plans that are under
development but are not yet completed. The DOE WIPP Project Office will work

with potential carriers, state law-enforcement officials, state radiological-
health officials, and the DOE Albuquerque Operations Office to develop the

procedures to be followed after a transportation accident with radioactive
waste. The expected emergency procedu;eslanﬂ responses are discussed below.

During the first 15 to 30 minutes after an accident occurs, emergency ac-
tion may be required for attending to injured persons, identifying immediate
threats to life or property, and deciding what steps are necessary to prevent
further damage. It is. the responsibility of the carrier to notify law-
enforcement officials, the DOT, and the carrier's own management at the
earliest possible moment. However, the driver and helper may be victims of
the accident and unable to act; if they are, other people will have to report
the accident to law-enforcement officials. - State and local police and. emer-
gency crews are normally the pe:sonsiwho_tqke the necessary immediate action
for protecting the health and safety of the public. These officials have the
authority to take such actions as clearing the immediate area of all unauth-
orized persons, controlling traffic, extinguishing fires, and rescuing persons
trapped in the wreckage; they will also carry out mitigating measures such as
covering spilled material with tarpaulins or heavy plastic sheets to minimize
airborne dispersion.
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During or immediately after the initial establishment of control over the
accident scene, the emergency-response personnel of the:state radiological- .
health department and of the DOE will be contacted, either by the carrier or -
by public-safety officials. These personnel will arrange for assistance in
monitoring the accident scene. The DOT regulations require that a description
of the transported material accompany the shipment to provide information that
can be used in assessing potential hazards. If the contamination from an
accident is great enough to require a decision regarding the evacuation of
persons from the surrounding area, the decision and subsequent actions must be
made by responsible local public-safety officials.

The cleanup phase of the emergency procedures includes the removal of any
radioactive contamination and the restoration of the accident scene to its’
original state. The carrier has the basic responsibility to insure that
cleanup is completed. The state or local government agencies, such as police,
health, and environmental departments, will typically exercise their police
and emergency powers to direct the cleanup of both public and private property.
General standards for cleanup are be1ng developed by the Env1ronmental Protec~
.tion Agency.

The carrier is responsible for keeping people from reaching the packages
and spilled radioactive materials and for insuring that any vehicles, areas,
and equipment that have become contaminated are not placed in' service again:
until they have been decontaminated and surveyed.

The DOE WIPP Project Office will offer to train state and local police and
emergency personnel in the proper procedures to be followed after a transporta-
tion accident. - This tra1n1ng w111 be made available throughout the operatlng
life of the WIPP. : e -

The WIPP operating contractor has the responsibility for assisting in
training local hospital personnel in the immediate area of the WIPP site (i.e.,
at Hobbs and at Carlsbad) in the handling and care of patients contaminated by
radioactive materials.

Other hospitals along the transportation route may also be capable of
providing medical attention to persons contaminated during transportation acci-
dents. In Albuquerque, for example, the personnel of the Kirtland Air Force
Base Hospital are trained in handling persons contaminated with radioactive
materials and would be available to treat persons so injured during a
transportation accident.

6.12 FINANCIAL RESPONSIBILITY FOR ACCIDENTS

Ordinarily, liability for WIPP-related nuclear accidents (including trans-
portation accidents) would be determined in accordance with' the generally
applicable state-law rules of tort liability as applied by the courts. 'Finan-
cial responsibility for such liability would be assumed by the Federal Govern-
ment as provided in the Price-Anderson Act. The Price-Anderson Act was orig-
inally passed by Congress in 1957, and is found in Section 170 of the Atomic
Energy Act of 1954, as amended (42 USC 2210).
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The Price-Anderson Act is designed to insure, through a system of private
insurance and Government indemnity, that the public would be protected in the
event of a nuclear accident connected with a facility operated under a con-
tract with, or a license issued by, the Government. Under the Price-Anderson
Act, the DOE is authorized to enter into indemnity agreements with contractors
operating nuclear facilities. Through these indemnity agreements, financial
protection is currently afforded up to a limit of $560,000,000 per accident.

A significant feature of Price-Anderson coverage .is the extension of
protection, not only to the DOE contractor having an indemnity agreement, but
to all other "persons indemnified," which term is defined to include anyone
who may be subjected to public liability as a result of a nuclear incident
covered by the indemnity. The WIPP will be operated by a DOE contractor under
a contract that will contain this broad Price-Anderson indemnity protection.

The standard indemnity provision used by the DOE for. facilities like the
WIPP covers a nuclear incident at the site of contract activity and also
incidents that might occur in the transportation of material to and from the
site. Thus, there will be overlapping coverage for transportation accidents
to the extent that material destined for the WIPP is shipped from DOE
facilities that are now being operated under contracts containing Price-
Anderson indemnity provisions (e.g., the INEL). Price-Anderson indemnity
coverage extends to nuclear incidents caused by sabotage, terrorism, or other
illegal activity that takes place at the site of contract activity or along
planned routes of transportation.

The Price-Anderson Act and its implementing indemnity agreements provide
for simplification of liability determinations through the mandatory waiver of
certain legal defenses by persons indemnified in the event of an "extraordinary
nuclear occurrence." An "extraordinary nuclear occurrence®™ is a nuclear inci-
dent in which injury, damage, or contamination exceeds DOE criteria comparable
to the NRC criteria published in 10 CFR 140.83-85. However, in the case of the
WIPP, only an extraordinary nuclear occurrence in the transportation of waste
material from a "production or utilization facility," as those terms are de-

fined in 42 USC 2014(v) and (cc) (e.g., the INEL), would be subject to the

waiver-of-defenses provisions. An extraordinary nuclear occurrence at the
WIPP site itself or in the transportation of material from.a DOE location
other than a production or utilization facility, while fully covered by the
Price-Anderson indemnity, ‘would not be subject to the waiver-of-defenses
provisions in the determination of liability..

The statutory limit of liability of $560,000,000 per nuclear incident has
been reevaluated on several occasions by the Congress and considered appropri-
ate. This "limit," however, is in reality only a threshold for further reeval-
vation by the Congress should any nuclear incident result in public liability
exceeding that amount.  The Price-Anderson Act provides that if an incident
should result in public liability éxceeding the stated limit "the Congress will
thoroughly review: the particular incident and will take whatever action is
deemed necessary and appropriate to protect the public from the consequences
of a disaster of such magnitude" (42 USC 2210(e)).
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7 The Los Medanos Site and Environmental Interfaces

The region surrounding the Los Medanos* site has been under study for many
years. Before this project was proposed, the region was studied intensively
by the U.S. Geological Survey because of its potash and oil-and-gas resources.
In the WIPP context, two exploratory holes were drilled northeast of the pres-
ent site in 1974, and intensive geologic studies started in 1975. Biological
studies began in 1975, meteorological studies in 1976, and economic studies in
1977. The results of these studies are given in numerous reports cited later
in this chapter and in Appendix H.

Because the WIPP would be located in a deep geologic formation, the re-
sults of the geologic and hydrologic studies are of the greatest importance.
For this reason, this chapter starts by summarizing the others, combining them
under the general categories of the biophysical environment (climate, vegeta-
tion, and wildlife) and the sociocultural environment (history, archaeology,
land use, demography, and economics). A much more extensive coverage of these
subjects is provided in Appendix H. Thereafter this chapter takes up in some
detail the interrelated subjects of the geologic and hydrologic characteris-
tics of the site.

7.1 BIOPHYSICAL ENVIRONMENT

The Los Medanos site is in Eddy County, New Mexico, about 25 miles east of
Carlsbad (Figure 7-1).

The site is on a plateau east of the Pecos River, an area of rolling sand-
covered hills and sand dunes. There is no integrated surface drainage; what
rain does fall usually soaks into the sand or evaporates directly.

The site is covered with vegetation characteristic of semiarid climates.
The land is used for ranching, and cattle are often to be seen. Ranch build-
ings 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 with their large buildings and stacks. Their
emissions often create a haze heavy enough to obscure locally the view of the
mountains 40 to 60 miles to the west.
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*In this chapter the terms "Los Medanos site" and "WIPP site" are
synonymous.
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Figure 7-1. General location of the WIPP site.
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7.1.1 Climate

The climate of the region is semiarid, with generally mild temperatures,
low precipitation and humidity, and a high evaporation rate. Winds are mostly
from the southeast and moderate. In late winter and spring, there are strong
west winds and dust storms. During the winter, the weather is often dominated
by a high-pressure system situated in the central portion of the Western
United States and a low-pressure system located in north-central Mexico. Dur-
ing the summer, the region is affected by a low-pressure system normally situ-
ated over Arizona.

Temperatures are moderate throughout the year, although seasonal changes
are distinct. Mean annual temperatures in southeastern New Mexico are near
60°F (Eagleman, 1976). 1In the winter (December through February) nighttime
lows average near 23°F and average maximums are in the 50s. The lowest re-
corded temperature at the nearest class A weather station in Roswell was
-290F, in February 1905. 1In the summer (June through August), the daytime
temperature exceeds 90°F approximately 75% of the time. The highest re-
corded temperature at Roswell was 110°F, in July 1958.

Precipitation is light and unevenly distributed throughout the year, aver-
aging 11 to 13 inches., Winter is the season of least precipitation, averaging
less than 0.6 inch of rainfall per month. Snow averages about 5 inches per
year at the site and seldom remains 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.

7.1.2 Terrestrial Ecology

Vegetation

The vegetation in the vicinity of the WIPP site is not a climax vegeta-~
tion, at least in part because .of past grazing management. The composition of
the plant life at the site is heterogeneous, because of variations in terrain
and in the type and the depth of soil. Shrubs are conspicuous members of all
plant communities. The site lies within a region of transition between the
northern extension of the Chihuahuan Desert (desert grassland) and the south-
ern Great Plains (Short Grass Prairie); it shares. the floral characteristics
of both. SR

Grazing, primarily by domestic livestock, .and the control of fire are
largely responsible for the shrub-dominated seral communities of much of
southeastern New Mexico. A gradual retrogression from the tall- and mid-
grass—dominated vegetation of 100 years ago has occurred throughout the
region. The cessation of grazing would presumably not: alter the domination by
shrubs, but it would result in an. increase in grasses. Experimental exclo-
sures have been established to study site-specific patterns of succession in
the absence of grazing, but long-term results from them are not yet available.

The semiarid climate makes water a limiting factor in the entire region.
The amount and timing of rainfall greatly influence plant productivity and
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therefore the food supply available for wildlife and livestock. The seeds of
desert plants are often opportunistic: they may lie dormant through long
periods of drought to germinate in the occasional year of favorable rainfall.
Significant fluctuations in the abundance and distribution of plants and wild-
life are typical of this region. Several examples of such fluctuations have
been documented in the study area: the area within 5 miles of the center of
the WIPP site, which has been intensively studied.

Two introduced species of significance in the region are the Russian
thistle, or tumbleweed, a common invader in disturbed areas, and the salt
cedar, which has proliferated along drainageways.

No endangered plant or animal species are known to occur within the study
area.

Several distinct biological'zones occur on or near the site: the mesa, the
central dunes complex, the creosotebush flats, the Livingston Ridge escarp-
ment, and the tobosa flats in Nash Draw west of the ridge.

A low, broad mesa named the Divide lies on the eastern edge of the study
area and supports a typical desert-grassland vegetation. The dominant shrub
and subshrub are mesquite and snakeweed, respectively. The most abundant
grasses are black grama, bush muhly, ring muhly, and fluffgrass. Cacti, espe-
cially varieties of prickly pear, are present. '

Where the ground slopes down from the Divide to the central dune plains,
the so0il becomes deep and sandy. Shrubs like shinnery oak, mesquite, sand
sagebrush, snakeweed, and dune yucca are dominant. In some places, all of
“these species are present; in others, one or more are either missing or very
low in density. These differences appear to be due to localized variations in
the type and the depth of soil. Thus, a number of closely related but dis-
~tinct plant associations form a "patchwork" complex, or mosaic, across the
.stabilized dunes in the central area. Hummocky, partially stabilized sand
dunes occur, and large, active dunes are also present. The former consist of
“"islands" of vegetation, primarily mesquite, separated by expanses of bare
sand. The mesquite-anchored soil is less susceptible to erosion, mainly by
wind, than is the bare sand. The result is a series of valleylike depres-
sions, or blowouts, between vegetated hummocks. Active dunes running east to
west are found south and east of the James Ranch headquarters. Typical views
of the site are shown in Figures 7-2 through 7-5.

To the west and southwest the soil again changes, becoming more dense and
shallow (less than 10 inches to caliche) than in the dune area. The composi-
tion of the plant life is radically altered, -and creosote bush becomes domi-
nant. Toward Livingston Ridge to the west and northwest, creosote bush
gradually gives way to an Acacia-dominated association at the top of the
escarpment. The western face of the ridge drops sharply to a valley floor
(flats) densely populated with tobosa grass, which is rare elsewhere in the
study area.

This vegetation complex supports populations of mammals (including domes-
tic livestock) and reptiles as well as a diverse population of birds. Insects
and other arthropods are also numerous. The fauna of the central dunes area
immediately surrounding the WIPP site have been most intensively studied.
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Figure 7-3. Typical view of the WIPP site.




Figure 7-5.

Hummocks around the bases of mesquite bushes.
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Mammals

Thirty-nine species representing seven mammalian. orders have been observed
in the study area. The most abundant small mammals are Ord's and bannertail
kangaroo rats, the Plains pocket mouse, the spotted ground squirrel, the
northern grasshopper mouse, and the Southern Plains woodrat. These are not
equally abundant in all habitats. Many species are restricted to specific
habitats. Of those listed, the Southern Plains woodrat is the least fastidi-
ous, being found in all central dunes habitats as well as on the Divide and
the creosote-bush flats. It is most numerous in the shallow-soiled creosote-
bush areas. Ord's kangaroo rat and the northern grasshopper mouse are found
on the Divide and in all dunes habitats. The Plains pocket mouse appears to
avoid snakeweed-dominated areas and active dunes but is common in shinnery
oak-mesquite associations. The fastidious spotted ground squirrel is restric-
ted mainly to shinnery oak-mesquite associations, which have sandy soils,
whereas the bannertail kangaroo rat prefers the shallow mesa and soils of the
creosote-bush flats and avoids sandy areas. Vegetation and soil type are the
two most influential factors in determining the distributions of these ani-
mals. Soil type is of special importance for many burrowing mammals.

The desert cottontail and the black-tailed jackrabbit are common in all
habitats, as is the most frequently sighted predator, the coyote.

Two big-game species, the mule deer and the pronghorn, are present. Mule
deer, by far the more common of the two, frequent shinnery oak-mesquite asso-
ciations. Pronghorn are usually observed on the Divide.

Three species of bats have been collected within the study area: the cave
myotis, the pallid bat, and the Brazilian free-tailed bat. The last is the
bat found in Carlsbad Caverns; occasional foraging on the site is expected, as
the site lies just within the 40-mile range of the Cavern colony. It is
nevertheless notable that the specimens collected in the study area are the
first recorded in southeastern New Mexico east of the Pecos; for the cave
myotis, the collection constitutes the first record east of the Pecos for all
of eastern New Mexico. This is mainly because little or no collecting had
been done in the area before the WIPP-related work. Suitable habitat for bat
colonization in the immediate vicinity of the study area is limited.

Reptiles and amphibians

Commonly observed reptiles in the study area are the side-blotched lizard,
the western box turtle, .the western whiptail lizard, and several species of
snakes, including the bullsnake, the western rattlesnake, the coachwhip, the
western hognose, and-the glossy snake. Of these, only the side-blotched liz-
ard is found in all habitats. The others. are mainly restricted to one or two
associations within the central dunes.area, -although the western whiptail 1liz-
ard and the western rattlesnake are found in creosote-bush-dominated areas as
well. The yellow mud turtle is found only in the limited number of aquatic
habitats in the study area (i.e., dirt stock ponds and metal stock tanks), but
it is common in these locales.

Amphibians are similarly restricted by the availability of aquatic habi-
tat. Nevertheless, the green toad, the Plains spadefoot, and the tiger sala-
mander are common where there is water.




Birds

A total of 122 species of birds representing 36 families have been ob-
served on or near the WIPP site. Observation points outside the study area
include the nearby salt lakes and the intersection of New Mexico Highway 31
and the Pecos River. Of the 40 breeding bird species included in this total,
28 occur within the study area. Among these are two important game species,
the mourning dove and the scaled quail; others include the white-necked raven, .
the loggerhead shrike, the black-throated sparrow, Cassin's sparrow, the cac-
tus wren, and the mockingbird. The roadrunner, the burrowing owl, the great-
horned owl, Swainson's hawk, and Harris' hawk also nest here.

The densities of birds in the study area show considerable’annual and sea- .
sonal variations. For example, the density of mourning doves in the summer of
1979 was 10 times the summer 1978 density. Similar dramatic increases were
noted for the loggerhead shrike and Cassin's sparrow. Many other species
showed little change in density over the same 2-year period. Favorable spring
rains in 1979 resulted in a very abundant summer seed crop in comparison with
that for 1978, when spring rainfall was low. This correlates closely with the
increased number of doves and other birds. Factors other than food supply
(e.g., availability of nesting sites) may limit the populations of many .spe-
cies, however.

Arthropods

About 1000 species of insects have been collected in the study area. Of.
special interest are subterranean termites. Vast colonies of these organisms
are located across the study area; they are detritivores and play an important
part in the recycling of nutrients in the study area. Their biomass per acre
is as large as that of the cattle grazing the surface.

7.1.3 Aquatic Ecology

Aquatic habitats within the 5-mile-radius study area are limited. Stock-
watering ponds and tanks constitute the only permanent surface waters. Ephem-
eral surface-water puddles form after heavy thunderstorms. At greater dis-
tances, seasonally wet, shallow lakes (playas) and permanent salt lakes are to
be found.

Laguna Grande de la Sal is a large, permanent salt lake at the south end
of Nash Draw. Natural brine springs, effluent brine from nearby potash refin-
eries, and surface and subsurface runoff discharge into the lake. It is like-
ly that surface runoff from the WIPP site reaches the lake. One of the natu-
ral brine springs at the northern margin of the lake was found during this
study to support a small population of the Pecos River pupfish. This species
was- formerly among the species recognized as endangered by the:State of New
Mexico. The spring, now called Pupfish Spring, is about 11 miles west-south-
west of the WIPP site.

‘The Pecos River -is the nearest permanent water course. It ultimately re- -
ceives any surface-runoff drainage from the WIPP site via Laguna Grande de la
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Sal. Natural brine springs, representing outfalls of the brine aquifers in
the Rustler Formation, feed the Pecos at Malaga Bend, 14 miles southwest of
the site.

This natural saline inflow adds approximately 340 tons of salt per day to
the Pecos. Return flow from irrigated areas above Malaga Bend makes a further
contribution to the salinity. The concentrations of potassium, mercury, nick-
el, silver, selenium, zinc, lead, manganese, cadmium, and barium also show
significant elevations at Malaga Bend but tend to decrease downstream. The
heavy metals presumably are rapidly adsorbed onto the river sediments. Natu-
ral levels of certain heavy metals in the Pecos below Malaga Bend exceed the
water-quality standards of the World Health Organization, the U.S. Environ-
mental Protection Agency (EPA), and the State of New Mexico. For example, the
maximum level for lead is 50 parts per billion and levels of up to 400 parts
per billion have been measured during WIPP-related studies.

Several marine organisms are present in the lower Pecos and in the Red
Bluff Reservoir. They include small, shelled protozoans (Foraminifera), a
Gulf Coast shrimp, an estuarine oligochaete and dragonfly, and several species
of marine algae. These species have presumably been introduced. A depauper-—
ate fauna——con51st1ng mainly of salt-tolerant species of insects, oligo-
chaetes, and nematodes--and unusual algal assemblages characterize this
stretch of the river.

The combination of high salinity, elevated concentrations of heavy metals,
and salt-tolerant and marine fauna makes the lower Pecos a unique river system.

Two species of fish in the Pecos below Carlsbad are recognized by the
State of New Mexico as being endangered: the gray redhorse and the blue
sucker. Since 1979, two other species, the rainwater killifish and the Pecos
pupfish, are no longer recognized by the State as endangered, because several
thriving populations were discovered in the lower Pecos.

Three additional State-listed endangered species of fish are found in the
Black River, a perennial stream that flows from the west and enters the Pecos
north of Malaga Bend. One of these, the Pecos gambusia (Gambusia nobilis),
also appears on the Federal list. Moderate populations of the gray redhorse
and the blue sucker are also found in the Black River.

7.2 SOCIOCULTURAL ENVIRONMENT

The analyses carried out for this environmental impact statement have
required the collection of voluminous data descrlblng the social and cultural
resources of the reg1on around’ the WIPP site. Because detailed summaries of
the data are too long to  be 1ncluded in. their entlrety in this text, they are
presented in Appendix H.- This section: dlscusses the major data in general
terms intended to serve as background material for the predlctlons of environ-
mental impacts in Chapter 9. The details of the’ impact analyses rest heavily
on the data in Appendix H, which should be consulted by readers who wish to
investigate the impacts fully or to find references to detailed source
material.
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7.2.1 History and Archaeology

The aboriginal inhabitants of the region around the WIPP site were Ameri-
can Indians; wandering bands of hunters or foragers probably crossed the
area. Spanish explorers passed through during the sixteenth century, but the
area was used almost entirely by Indians until cattlemen began coming to the.
area around 1866, about 20 years after the United States acquired the land.
Trading posts appeared in the late nineteenth century; the town now called
Carlsbad was founded in 1889. The twentieth century brought the develop-
ments—-mainly the production of potash, 0il, and gas—-that have increased the
population eightfold in the last 50 years. '

. The region has not been considered a fruitful area for archaeological
research, because the wandering aboriginal inhabitants left few traces that
have remained for study today. Archaeoclogists studying the Southwest have
concentrated on the major prehistoric cultural centers far from the WIPP
site. The basic studies of the region are summarized in Appendix H.l, which

" also presents a summary of the intensive archaeological surveys made during
the investigations of the WIPP site.

The first of these surveys of the WIPP land found about eight archaeologi-
cal sites per square mile in the central 4 square miles; a site was defined as
a place used and occupied by prehistoric people. The evidence found.at the
sites was usually stone tools, fragments of pottery, or dark stains in soil or
rock that had once served as a hearth. The survey found no pit houses or per-
manent structures. Later surveys of the rights-of-way outside the central 4
square miles have, however, found what appear to be the remains of two prehis-
toric structures. None of the surveys have found that the prehistory of the
WIPP site is different from that of its surroundings.

The results of these surveys support the conclusion that prehistoric
people used the area lightly but pervasively. Although the archaeological
resources around the WIPP site are few and widely scattered, they may shed
light on the ways in which people have lived in marginal environments. To
find and preserve these resources, careful archaeological surveys are made in
all the areas that the WIPP project will disturb.

7.2.2 Land Ownership and Use

Figures 7-6 and 7-7 show land ownership and use within 30 miles of the
WIPP site. These maps show that there is little private land in the area.
Most of the land is owned by the Federal Government or the State of New Mexico.

The dominant use of the land around the site is grazing; the areas marked
for o0il and gas production in Figure 7-7 also support grazing. The average
number of cattle that can graze in each section is approximately six to nine.
There are numerous active oil and gas wells. The only agricultural land within’
30 miles is irrigated farmland along the Pecos River, near the municipalities
of Carlsbad and Loving; little, if any, dry-land farming takes place within
the area.
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At present, land within 10 miles of the site is used for potash-mining
operations, active oil and gas wells, and grazing. With or without the WIPP,
this pattern is expected to change little in the future.

7.2.3 Population

The immediate area around the WIPP site is sparsely settled: only 16
people live within 10 miles. Within 50 miles, however, reside approximately
102,245 persons, most of them in seven principal municipalities: Artesia,
Carlsbad, and Loving in Eddy County and Eunice, Hobbs, Jal, and Lovington in
Lea County. The nearest of these municipalities is Loving, 18 miles away,
with a population of 1600. The two largest are Hobbs, with 32,600 inhabit-
ants, and Carlsbad, with 28,600 inhabitants.

The populations of Eddy and Lea Counties are predominantly urban. In Eddy
County, 76.9% of the people live in urban areas, 18.1% in rural nonfarm areas,
and 5% in rural farm areas. In Lea County, the corresponding figures are
81.1%, 15.1%, and 3.8%.

Extensive data on population are given in Appendix H (Section H.2.1l).

7.2.4 Housing

Housing is available but not abundant in the three communities--Carlsbad,
Hobbs, and Loving~-that are the most likely to be affected by the WIPP.

Through annexation, Carlsbad has recently expanded greatly the vacant land
within the city limits. Because much of the city is now being rezoned, how-
ever, the amount of land that will be available for future housing is diffi-
cult to predict. For several years the vacancy rate has been about 1%, some-
what lower than the 3% generally felt to be desirable for orderly population
growth and community development. About 10,000 housing units exist in Carls-
bad; mobile homes are about 9% of this total.

Hobbs has no zoning ordinance. _The vacancy rate there has been about 1%
to 2% for the last 2 or 3 years. Of more than 11,000 housing units, about 12%
are mobile homes.

Although the 4% vacancy rate in Loving is higher, the number of units
there is much smaller——about 500. About 10% of these units are mobile homes.

Discussions,of houéiqg, includingjtables of data, for all three municipal-
ities are in Appendix H (Section H.3.3)..

7.2.5 Industries, Emplojment, and'Ihcomé‘i

The basic industries of the two-county area are mining, manufacturing, and
agriculture. The major industry is mining; it accounts for 24.6% of the total
personal income in Eddy County and 31.2% in Lea County. Potash mining and
processing in Eddy County and oil and natural-gas production in Lea County are
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the principal mining activities. Within 10 miles of the site are three potash
mines and two potash-processing plants.

In the two counties are 94 manufacturing companies. Manufacturing, which
accounted for 5.2% of all personal income there in 1977, includes food process-
ing, meat packing, the production of chemicals, and the fabrication of metal
parts. Within 5 miles of the site, there are no manufacturing establishments.

In 1977 agriculture accounted for less than 4% of the total personal in-
come in the two-county area. Agriculture there primarily produces cotton and
livestock. Because of the arid climate, farming operations rely on irrigation
for water resources; most of the irrigated lands are located along the Pecos
River (Figure 7-7). Within 10 miles of the site, there is no irrigation or
farming activity. Cattle graze on the site and the surrounding land.

There are no commercial establishments within 5 miles of the site. Within
10 miles there is only one, a general store.

Tourism, particularly in Eddy County, contributes substantially to the
economy of the two-county area. The Carlsbad Caverns National Park, approxi-
mately 40 miles west-southwest of the site, is the major tourist attraction of
the area; in 1978 the attendance totaled 867,276 persons. Other parks, such
as the Guadalupe Mountains National Park in Texas, the Living Desert State
Park, and the Presidents' Park in Carlsbad, also attract local residents and
tourists.

Between 1974 and 1978 the expanding economy of the two counties was accom-
panied by a growth in the labor force of about 4% per year. The unemployment
rate in 1979 was about 4%.

The per-capita income in the two counties is higher than the statewide
average: $6811 in Eddy County and $6089 in Lea County. These incomes are also
higher than the national average for counties that are not in Standard Metro-
politan Statistical Areas.

Full discussions of industries, employment, and income are in Appendix H
(Sections H.2.2, H.3.1, and H.3.2).

7.2.6 Transporﬁation

As shown in Figure 7-1, several U.S. and New Mexico highways are within 30
miles of the site. Within 10 miles of the site are portions of New Mexico
Highways 31 and 128; both are two-lane roads with a bituminous surface. New
Mexico 128 connects the community of Jal with New Mexico 31, which provides
access to Loving and Carlsbad. Near the WIPP site, New Mexico 128 is used
primarily by ranchers, potash miners, and employees of gas companies. New
Mexico 31 connects U.S. Highway 62~180 (the main artery between Carlsbad and
Hobbs) with U.S. Highway 285. Since this highway provides access to several
mining operations, Route 31 is used primarily by potash miners.

Numerous dirt roads in the area are maintained for ranching, pipeline

maintenance, and access to oil- and gas-drilling sites. The better roads are
surfaced with caliche, while others are little more than tracks in the sand.
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Rail transportation in Eddy and Lea Counties is provided by the Atchison,
Topeka and Santa Fe Railroad and the Texas-New Mexico Railroad. There are no
railroad tracks within 5 miles of the WIPP site. Railroad tracks reach the
Duval Corporation's Nash Draw mine, the facilities of the International Miner-
als and Chemical Corporation, and the Kerr-McGee plant, all potash-mining
operations between 5 and 10 miles from the site.

The two chief commercial airports in the two-county area are the Cavern
City Airport near Carlsbad and the Lea County Municipal Field near Hobbs.
There are no airports within 5 miles of the WIPP site. The nearest air strip,
12 miles north of the site, is privately operated.

Appendix H (Section H.3.4) provides further information on transportation,
including discussions of the local systems in Carlsbad, Hobbs, and Loving and
an analysis of traffic patterns and road conditions. Section 8.3 describes
the new roads that will lead from the major highways to the WIPP.

7.2.7 Community Services

A wide range of educational opportunities is available in the two-county
area. Carlsbad and Hobbs offer full primary and secondary education; each
city has 14 public schools. Students in ILoving attend schools there through
junior high school and then attend high school in Carlsbad. In all three com-
munities, enrollments are less than the capacities of the school systems.
Vocational training is offered in Eddy County by the Carlsbad and Artesia Pub-
lic Schools and in Lea County by the Hobbs School District and the New Mexico
Junior College. Three institutions offer higher education. 1In Carlsbad there
is a branch campus of New Mexico State University. 1In Hobbs two institutions
offer college credit: New Mexico Junior College, a rapidly expanding 2-year
State-supported institution, and the College of the Southwest, a small private
school that offers 4-year degree programs.

Short-term hospitalization is available in four communities in the two-
county ara. In Eddy County there are two hospitals--the Artesia General Hos-
pital in Artesia and the Guadalupe Medical Center in Carlsbad. Lea County
also has two hospitals--a small one in Jal and the Lea Regional Medical Center
in Hobbs. 1In 1980 a new hospital will be opened )in, Lovington. EAddy County
has about 3.5 hospital beds for each 1000_pedple; Lea County has about 3.6.
Physicians provide family-practice medical services in most of the communities
in the two counties. BAmbulance and emergency services are available in both
counties.

Carlsbad, Hobbs, and Loving all offer community services typical of other
U.S. cities of their sizes. Because the full discussion of these services is
voluminous, it appears in Appendix H, which examines the structure of these
communities in detall. social serv1ces, fire. and pollce protection, water and
sewage systems, communications, electr1c1ty and natural-gas services,
recreational opportunities, and solid-waste management. Appendix H also
contains detailed information on the local governments, including detailed
tables of revenues and expenditures.




7.3 GEOLOGY

The geologic studies at and around the WIPP site are aimed at collecting
detailed geologic information for use in evaluating the site's suitability for
a radioactive-waste repository. This section summarizes the large amount of
geologic information currently available; most has been drawn from the WIPP
Geological Characterization Report (Powers et al., 1978), which should be
consulted for more detailed information and for references to primary sources.
The Safety Analysis Report (DOE, 1980) also contains detailed discussions of
this material.

The geologic characterization of the site started with surveys of litera-
ture and existing data and has continued with the collection of new data. 1In
the process, many standard petroleum- and mineral-industry techniques have
been used. Special emphasis has been placed on correlating data obtained by
geophysical techniques and borehole drilling. The geophysical techniques most
widely used have been seismic reflection and resistivity. By June 1980, new
seismic-reflection data for about 152 line-miles had been obtained, and over
9000 resistivity measurements had been made and analyzed. Twenty-one bore-
holes had been drilled to evaluate potash resources. Sixteen boreholes had
been drilled primarily for stratigraphic information on or near the site, and
fifteen other holes had been drilled at the edge of, or away from, the site to
study salt diss