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FOREWORD

The purpose of the Environmental Evaluation Group (EEG) is to
conduct an independent technical evaluation of the potential
radiation exposure to people from the proposed Federal radio-
active Waste Isolation Pilot Plant (WIPP) near Carlsbad, in

order to protect the public health and safety and ensure that
there is no environmental degradation. The EEG is part of the
Environmental Improvement Division, a component of the New Mexico
Health and Environment Department — the agency charged with the
primary responsibility for protecting the health of the citizens
of New Mexico.

The Group is neither a proponent nor an opponent of WIPP.
Analyses are conducted of reports issued by the U.S5. Department
of Energy (DOE) and its contractors, other Federal agencies and
other organijzations, as they relate to the potential health,
safety and environmental impacts from WIPP.

The project is funded entirely by the U.S. Department of Energy
through Contract DE-AC04-79AL10752 with the New Mexico Health and

Environment Department.

Robert H. Neill
Director
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INTRODUCTION

These comments are limited to the radiological health and safety

and environmentalily related aspects of the Draft Environmental

Impact Statement (DEIS), Waste Isglation Pilot Piant (DOE/EIS-0026-D)
and the background material used by DOE, with the primary focus of
the comments on those aspects that have potential effects on the
State of New Mexico.

While the Environmental Evaluation Group (EEG) recognizes that

some later data have become available and that there may be signi-
ficant changes in the mission of the WIPP, the review has been
confined to the DEIS WIPP Reference Case (1-2; 6).* In those cases
where options on WIPP are still open or data was not provided,
final evaluation will await that information.

This evaluation includes:
(1) checking the calculations in the DEIS with the assumptions
and methods used;

(2) checking computations by alternate (usually simplified)
approaches;

{3) evaluating the assumptions and methodology used;
(4) considering possible omissions;
(5) evaluating conclusions reached; and

(6} recommending additional actions to be taken,

Alternative locations to the proposed WIPP site have not been
evaluated since they are beyond the scope of EEG's mission.

Several meetings were held with the DOE and it's contractors to
clarify some of the assumptions, input parameters, and numerical
procedures used in various analyses.

*The notation (1-2; 6) refers to Chapter 1, page 2, paragraph 6
of the DEIS.
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General

The Department of Energy is to be cummended for making a major
effort to determine the environmental ‘mpact of WIPP.

This review of radiolegical heaitn - ansiderations contains a
number of concerns, questions and recommendations that should
be addressed by the Department of Energy in the final Environ-
mental Impact Statement (EIS).

Using the assumptions contained in the Draft Environmental Impact
Statement (DEIS), the EEG calculated a number of radiation doses
and the results were found to be in general agreement with those
presented in the DEIS. The doses resulting from the oberationa1
and long-range releases from WIPP to the general population are
no more than a fraction of existing radiation doses to the public.
However, there are a number of technical considerations in the
assessment of radiation exposure that were not adequately evalua-
ted in the DEIS. They are discussed in this review.

A number of additional dosage estimates have been identified that
need to be calculated by both DOE and EEG.

As the DEIS did not contain estimates of the amounts of radio-
activity to be permanently located in the repository, it was
necessary to calculate these amounts.

Estimated Plutonium Tnventory in TRU Wastes™

Radionuclide Activity (Curies)
Pu-238 35,000
Pu-239 480,000
Pu-240 120,000
Pu-241 1,200,000

*after 30 years of repository operation
-



It is apparent from our analyses that additional information and
evaluations will be necessary in the future if the WIPP project
ieeds. Consequently, the DEIS and its review are only the
beginning of the health and safety evaluations that need to be

performed.

The DOE stated in the DEIS that the WIPP repository should be
licensed by the Nuclear Reguiatory Commission (NRC). Recent
developments suggest that the WIPP may nat be licensed by that
organization. EEG recommends that the proposed facility be
subjected to the full scrutiny of health and safety considerations
afforded by the licensing procedures of the NRC.

Health Effects

The DEIS did not estimate health effects to people from either
the expected or potential radiation exposure but used dose as a
presumptive index of hazard. Although not as informative as
health effects, it has been a common practice in radiation pro-
tection work. Various radiation standards~-setting organizations
such as the Internatijonal Commission on Radiological Protection
(ICRP), United Nations Scientific Committee on Effects of Atomic
Radiation (UNSCEAR) and the Biological Effects of Ionizing Radi-
ation Committee {BEIR) of the National Academy of Sciences have
developed models for mortality risk coefficients from jonizing
radiation. In order to do expected mortality calculations, it
is necessary to know not only the magnitude of the radiation
exposure but the size of the popuiation exposed as well as the
probability of such an occurrence. DOE should address the issue
of health aeffects in the final EIS. EEG will generate those
estimates when the required information has been developed for
the various population groups from both normal and accidental
exposures. |



Transportation

The equations used in the DEIS calculations of radiation dose
from the normal transportation of the radiocoactive wastes were
derived by the EEG and the calculated doses were found to be in
agreement with those presented in the DEIS. These exposures to
the general population are small additions to thbse from natural
background and other man-made radiation sources. However, a
critical evaluation of the assumptions used on potential
accidents in the DEIS raises the following issues.

Radiation exposures from deliberate acts of sabotage in the trans-
portation of radioactive materials could be considerably higher
than those from traffic and rail accidents but the DEIS assumed
there would not be & difference.

Some of the DEIS assumptions for accidents may not be conservative.
Examples are:

1) A fire occurring during a rail accident involving contact-
handled transuranic wastes {(CH-TRU).

2) Leakages of remote-handled transuranic wastes (RH-TRU) from
a2 container following a rail accident.

3) Ingestion of radiocactive material following an airborne
release. '

Caoansideration should be given to shipping all the radicactive waste
by rail wherever the calculations show that the actual and poten-
tial radiation exposures to people will be reduced. This is con-
sistent with the concept in radioiogical health that all unnecess-
ary radiation exposure be avoided and exposures kept as low as
reasonably achievable (ALARA). Consideration should alsoc be given
to restricting shipments in icy weather.

-3-



Waste Acceptance (Criteria e,

A full evaluation of the radiological consequences of operations
and accidents cannot be completed until the waste acceptance
criteria are developed by the DOE Waste Acceptance Criterja Steer-
ing Committee. DOE has been furnishing that material to EEG for
review as it becomes available. There are a nuhber of criteria
that must be specified such as the degree of combustibility of

the wastes, the amount of gas that can be generated through decom-
position of organic materials, the amount of pyrophoric material,
and the amount and type of non-radioactive hazardous material to
be stored.

Site Charactetization

There are uncertainties regarding several geologic and hydrologic
aspects of the area surrounding the WIPP site. DOE is continuing

to gather and analyze data relevant to these features and processes. —.
The final EIS should include a more detailed analysis of the

following:

1) 3rine reservoirs, apparentiy large and under high pressure,
which have been encountered in at least 7 wells within 9
miles of the periphery of the WIPP site.

2) Deep dissolution; i.e. dissolution of lower and intermediate
levels of the salt beds.

3) Breccia pipes, which may be localized deep dissolution
features, starting in the lower portion of the salt beds
and migrating upward.

4) Variations and uncertainties in ground water flow rates and
flow paths.




5) The effect of the presence of impurities {e.g. clay,
anhydrite, and poliyhalite) on the physical, hydrological,
thermal and strength characteristics of rock salt from the
repository horizons.

Site Selection Criteria

In the absence of requlatory standards by the Nuclear Regulatory
Commission and the Environmental Protection Agency for the
permanent disposal of radioactive wastes, reliance has been
placed by the Department of Energy on establishing criteria

that a repository should meet.

In light of this fact, we recommend that the Department of Energy
formally request the involved federal agencies and other bodies
of technical expertise to comment on the reasonableness and
adequacy of the site selection criteria so that a consensus can
be achieved. In this manner, any allegation that the criteria
were unilaterally established by DOE can be avoided.

A failure of the proposed repository to meet a given design
criterion does not in itself mean there is a hazard. It does
jdentify or flag those areas that need to be thoroughly analyzed
to determine whether or not the consequences of failure could
result in radiation exposure to people.

Qperational Exposure

The information on occupational radiation exposure is incomplete
in the DEIS and presumably will be covered in more detail in the
Preliminary Safety Analysis Report (PSAR).

The operational accident scenarios evaluated in the DEIS appear to
be fairly complete in scope and the EEG calculations agreed with
the DEIS when the same assumptions were used. Some of the assump-
tions may underestimate the amount of radioactivity released from
damaged containers.

-5-



It is also unclear whether the exhaust air from the underground
waste handling facility will pass through the HEPA filters
before being released to the environment.

From the information in the DEIS, there is a question whether

the non-radiological Ambient Air Quality Standards of New Mexico
will be met in Zones II, III and IV. A more detailed analysis 1is
necessary to determine the contrel measures that will be required.

Experimental Waste Program

It is recognized that the experimental high level radioactive
waste program will provide empirical evidence for many of the
theoretically derived geological parameters. However, in order
to evaluate the potential radiation exposure to workers and the
public it will be necessary to know the radionuclides involved,
the amounts of radiocactivity, the waste form, the details of the
experiments and the plans for retrieval of the radioactive
material. The experimental waste program could contain 9 to 90
miliion curies of radioactivity if the full-sized commercial high
level waste canisters are used.

Long Term Radiation Releases

The DEIS considers a number of scenarios which could lead to
release of radioactivity after the repository has been sealed.
Based on the assumptions used in the DEIS analyses of long-term
release scenarios, EEG'S results are in reasonable agreement with
dose rates and radionuclide migration times presented in the text.
Except for the drilling scenario, the dose rates are small. How-
ever, the scenarios considered were limited and the EEG has identi-
fied additional scenarios and calculations which should be consid-
ered such as the potential contamination of well water or the role
of pressurized gas in bringing_ radioactive material to the surface.
EEG has considered the ranges over which some of the parameters




relevant to the movement of radicactivity in ground water can
vary and the effects of these variations on the DEIS results.
Therefore, EEG recommends that the detailed sensitivity analysis
currently being conducted by DOE should be included in the final
EIS.

Retrievability

It is essential that the ability to retrieve the radicactive

wastes be examined in detail as to criteria, procedures, logistics,
canister integrity, hazards to workers and hazards to the general
popuiation.

Decommissioning

Decommissioning options are discussed in satisfactory detail in
the DEIS. However, the related issue of the degree and longevity
of site control after decommissioning must be addressed. This is
important since an uncontrolled site would be subject to various
human actions, especially drilling, that could violate site
integrity. The advantage and feasibility of site control for
periods greater than 100 years should be evaluated.



HEALTH EFFECTS

The DEIS neither estimated nor discussed health effects from the
potential radiation exposure to the population but used doses
instead as an index of hazard. In the definition of risk in the
glossary, the DEIS defined "consegquence" of exposure as "popula-
tion dose" and not "health effects". Although this is not as
informative a., health effects, it has been a common practice in
radiation protection work.

Estimated health effects from WIPP should be included in the fina)
EIS. It is recognized that there are uncertainties associated

with such estimates that include the anticipated size of the future
population at risk from WIPP, the probability of accidents and the
frequency distribution of those accidents, the magnitude of the
population dose for various conditions and indeed the basic appli-
cability of a linear correlation of health effects with doses at
such low dose rates. EEG plans to undertake these calculations in
the future and to also include comparisons with presumed deaths from
natural background and other radiation sources in the environment.

EEG intends to use the following approach. ICRP (Publications 26,
27) has developed a set of risk coefficients for various somatic
biological end points and tissues that are based on currently avail-
able data (Ref. 1, 2). For a uniform whole-body irradiation
{averaged over both sexes and all ages) their report indicates a
mortality risk coefficient of approximately 10'4 r'em"I {a proba-
bi]ity of 1 death per 10,000 person-rem). In 1977 UNSCEAR gave more
detailed information on the basis for this numerical value and
pointed out that such coefficients are obtained for mortalities
induced at doses in excess of 100 rads (Ref. 3, p. 414). There is
disagreement over the numerical values of the risk coefficients and
their applicability for different types of radiation and for differ-
ent population groups and the results should be considered as
approximations. Table 1 indicates the steps in developing risk
estimates. [




As indicated in the first column, populations at risk of 10
(10,000) and 10% (1,000,000) are assumed. In column 2, the

uniform whoie-body equivalent dose received by each member of
that population is indicated to be either 10°% (0.000001), 10°
(0.0001), or 10'2 (0.01) rems. These ranges of values generally

4

cover the estimated average dose eguivalents received and the
population sizes according to the calculations contained in the
DEIS. It is assumed for purposes of this table that these dose
equivalents are received throughout the body of each of the
persons in the populations. The products of a value in column 1
and the value in column 2, for a g%ven line, gives the population
dose equivalent in person rems indicated in the third column, If

4

the risk coefficient is assumed to be 10 deaths/rem, the product

of a numerical value in the third column and 10'¢

gives the
number of deaths that are presumed to occur as a resuit of the
irradiation. One needs to remember that these are the number of
deaths throughout the lifetime of the individuals involved. It
is seen that for a population of 1 million persons, uniformly
exposed to a dose equivalent of 0.01 rem, one would estimate

1 death from radiation induced cancer during the entire lifetime

of all members of that popuiation.

Table 1

ITlustration of Method to Calculate
Radiation Induced Deaths*

If and . .
opulation  Dose Eauivelent POPVIRTIR Joe fivetent Presuned
10,000 0.000001 .01 0.000007
10,000 0.0001 1 0.0001
10,000 0.01 100 0.01
1,000,000 0.0001 100 0.01
1,000,000 0.01 10,000 1

*The numbers used for this example are for illustrative purposes only
and are not directly applicable to WIPP,

-9-



Comparison with Natural Background

In the absence of information on health effects, it is customary
to compare man-made radiation exposure to that which occurs from
natural background and the DEIS has done this. Dose commitments
from ionizing radiation are presented in the DEIS for time periods
ranging from a few days to one year and fifty years. These dose
commitments are :ompared to the dose equivalent from natural back-
ground over a few hours, one year, fifty years and seventy years.
In some cases, the DEIS inappropriately used dissimilar time
periods.

Doses in which the radiation is absorbed over one year should only
be compared to natural background radiation over a similar time

. period. SimiIarTy;-doses from radiation that occur over fifty
years can be compared to fifty years cumulative total from natural
background radiation exposure, Examples where this has not been
done include Tables 9-18, 9-19, 9-25 and in the discussion of
Table 6-13.

=10=-




References d

AVETEN E

International Commission on Radiological Protection. Recommenda-
tions of the International Commission on Radiological
Protection (ICRP Publication 26}, 1977,

International Commission on Radiological Protection. Problems
Involved in Developing an Index of Harm (ICRP Publication 27),
1977.

United Nations Scientific Committee on the Effects of Atomic
Radiation. Sources and Effects of lonizing Radiation, 1977.

-11-



INVENTORY OQF RADIQACTIVITY
(DEIS Chapters 2, 6, 9, E)

TRU Waste Inventory

The DEIS stated that: "The quantities of waste stored at various
storage locations are not precisely known; that is, the estimations
of these quantities...have large uncertainties associated with
them. In addition, it has not yet been <“ecided which locations
will actually be shipping waste to the WIPP reference repository"
{(6-11;3). EEG recognizes DOE's difficulty in obtaining an accurate
inventory of TRU waste to be stored at the WIPP. The calculated
inventories used by EEG are based on information in the DEIS. If
this information is incomplete or incorrect on the quantity or
isotopic composition, then the dose and concentration estimates
will also be #n error.

Activity Estimates

Since the DEIS did not include estimates of the total volume or
activity of transuranic (TRU) waste, EEG has prepared estimates

of the amounts to be located in the repository (see Tables 2, 3 and
5) and the inventories for truck and rail shipments (see Tables 3
and 4) and recommends that such information be included in the
final EIS.

EEG's estimates are based on information in the DEIS, particularly
waste volume and shipment projections in Chapter 6 and radionuclide
concentrations in Appendix E. The period of repository operation
was taken to be thirty years, because of the DEIS statement that
“...the plant is designed for a useful life of at least 30 years"
(1-4;8). Details of the calculations appear in Appendix 1.

Radionuclide Concentrations

It is recognized that the amounts of radionuclides present in
containers of a given type differ greatly, making it difficult
to get an accurate inventory. However, there are inconsistencies ir—

-12- S



the DEIS. The average plutonium content lTisted in Appendix E

is 8 grams per box and 13 grams per drum for CH-TRU waste

(Tables E-1, E-2, pp. E-2,3), whereas Table 9-43 {(9-103) in the
DEIS leads to higher estimates. This table gives projected

CH-TRU waste isotopic concentrations (in Ci/liter and g/liter) 100
and 1000 years after burial. The DEIS notes that "the inventory listed
in these tables is not precisely the same as that shown in Appendix
E" and states that "actual assay data from the Idaho National
Engineering Laboratory" were used (9-102). The data in Table 9-43
appear consistent with results of an INEL assay reported by

Bingham and Barr (SAND 78-1730).

Table 6 summarizes the differing actinide concentrations obtained

from Tables E-1, E-2 and 9-43. Box concentrations obtained

from Table E-2 are an order of magnitude lower than drum concentrations
obtained from Table E-1. The INEL assay concentrations are slightly
higher than the Table E-1 drum concentrations. Does this mean

that new data suggest higher box and drum concentrations than those
given in Tables E-1 and E-27

Spent Fuel Inventory

The spent fuel inventory in the DEIS agrees with other published
inventories (references 1, 2, 3). The computer program used to
derive these inventories was ORIGEN (ref.4). ORIGEN has been
evaluated, tested and distributed by the U. S. Department of
Energy, Radiation Shielding Information Center (ref. 5) and is
being used worldwide as an acceptec inventory cocde hy the nuclear
field. Correlation between measurements and calculations has
generally been good (ref. 6).

EEG notes that the activation product Carbon-14 was not included
in the spent fuel inventory. It will be present in greater
quantities than I-129 (ref, 7}, has a half-life of 5730 years,
and is very mobile in the environment. It has been projected to
cause the major part of the population dose from nuciear reactors
(ref. 8). This omission should be explained.

-13-




Table 2

stimated 30-year Repositor; TRU Waste Inventory*

Isotope Activity (Ci)
Plutonium-238 3.5 x 10%
Plutonium-239 4.8 x 10°
Plutonium-240 1.2 x 10°
Plutonium-241+* 1.2 x 10°
friericium-241% 5.5 x 107

*These estimates include the effects of decay and ingrowth.

**P1utonium-241 (half-1ife = 13 years) is a beta emitter which
decays to Americium-241 (half-1ife = 460 years).

-14-



Table

Inventory of Radiocactivity*

CH-TRY
Isotope Repository Total

(Ci)
Py-238 4.0 x 10°
Pu-239 4.7 x 10°
Pu-240 1.2 x 10°
Pu-241%* 2.8 x 10°
Am-241 7.7 x 163
Total 3.4 x 10

RH-TRU
Isotope Repository Total Activity in a Activity in a
- (c1) rail sbipment truck §hipment
(Ci) (Ci)

Sr-90/Y-90 2.8 x 10° 2100, 420,
Co-60 1.7 x 1% 13. 2.6
Ru-106/Rh-106 2.5 x 10° 18.5 3.7
Cs-137/8a-137m 1.4 x 10° 10.5 2.1
Eu-152 3.6 x 10° 2.7 .53
Eu-154 1.4 x 10° 10.5 2.1
Th-232 8.0 .006 .00
U-234 6.5 x 1072 (4.9 x 107%) (9.7 x 10°%)
U-235 2.7 .002 (4.1 x 10”4
U-238 6.0 x 10 .044 .009
Pu-238 7.4 x 102 .55 R
Py -239 8.7 x 10° 6.5 1.3
Pu-240 2.0 x 103 1.5 .3
Pu-247%* 5.2 x 10% 39, 7.8
Am-241 1.4 x 10° R .02
Cm-244 3.6 x 10% 27. 5.3
Total 3.0 x 10° 2.2 x 10° 4.5 x 10°

*30 years of new production are added to the backlog (see DEIS Tables

6-2, 6-6).
estimates.
*

“Beta emitter with a 13 year half-life.

-15=-
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Table 4

CH-TRU Shipment Inventories

Ci/drum Ci/box Ci/rail Ci/truck Ci/rail Ci/truck
(Table (Table shipment shipment shipment shipment
E-1) E-2) of drums of drums of boxes of boxes
Pu-238 4.1 x 1072 6.5 x 102 4.9 1.7 1.6 .52
Pu-239 4.8 x 107" 7.5 x 107" 58. S 20.2 18. 6.0
Pu-240 1.2 x 107! 1.8 x 107" 14, 5.0 4.3 1.4
Pu-241 2.9 4.6 350. " 120.0 110. 37,
Am-241 7.8 x 1073 1.2 x 1072 0.94 0.33 .29 .10
CH-TRU Shipment Volumes*
Mode Container Volume of Containers Waste volume
container per shipment per shipment
] (£t3) (£t
Rail? Box 112 24 2700
Ratl Drum 7.4 120 930
Truck? Box 112 8 900
Truck Drum 7.4 47 310

aATMx railcar assumed for rail shipment.
Type B container for truck shipment assumed to hold 8 boxes,

b

*DEIS, Table 6-3(6-12).
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Table 5

TRU Waste Volumes (ft.3):

30 Year Repository Totals

Type New waste New waste

of production production Backlog + 30 year
Waste Containers Backlog* per year™* in 30 years production

CH Boxes 7.0 x 10° 9.0 x 10* 2.7 x 10° 3.4 x 105

CH Drums 2.4 x 10° 1.5 x 10° 4.5 x 108 6.9 x 10°

RH Canisters 7.7 x 10° 6.9 x 107 2.1 x 10° 2.8 x 10°

* DELS, Tables 6-2, 6-6 (6-12,6-14),
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Table 6

CH TRU Radionuclide Concentrations

| Radionuclide concentrations {uCi/1) ]
o,

Half- From Table E-1,%* From Table E-2, From INEL assay From Table 9-43
Isotope life (yrs.) in drums in boxes SAND 78-1730 {(p. 87 at 100 years
Pu-238 8.8 x 10 2.0 x 10° 2.0 x 10 2.4 x 10° 1.1 x 102
Pu-239 2.4 x 104 2.3 x 103 2.3 x 10° 2.8 x 103 2.8 x 10°
Pu-240 6.5 x 103 5.8 x 10° 5.6 x 10, 6.8 x 10° 6.7 x 10°
Pu-241 1.3 x 10 1.4 x 10% 1.4 x 10° 1.7 x 104 ..
Am- 241 4.6 x 102 3.8 x 10 3.8 4.6 x 10 4.7 x 102

*Calculated by dividing the expected activities (Ci/drum and Ci/box)} in Tables E-1 and E-2 by

the container volumes (208 liters for a drum and 3.2 x 103 liters for a box), and multiplying

by 10% ucisci.
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WASTE ACCEPTANCE CRITERIA
(DEIS Chapter 5)

Major Conclusions

1) Since the waste acceptance criteria are under active develop-
ment by the DOE, they are not in the DEIS. However, DOE has
been furnishing EEG with material on the criteria as they are
being developed by the Waste Acceptance (riteria Steering
Committee for review.

Until such time as waste accepfance criteria are defined,
the radiological consequences of operations and accidents
cannot be fully analyzed. Three major concerns of both
the DOE and the EEG are the presence in the TRU waste of:
a) gas from organic decomposition

b} combustible materials; and

¢) respirable particles.

2) Some interim criteria on RH-TRU waste in Table 5-1 are
less stringent than criteria for CH-TRU waste.

3) It is essential that the retrievability of the radicactive
wastes be examined in detail as to criteria, logistics, pro-
cedures, integrity of containers, hazards to workers, and
hazards to the general population.

CH and RH-TRU Criteria

The review of the interim waste acceptance criteria for CH and
RH-TRU waste (5-4, 5-5) led to several concerns:

. 1) Combustibility. A limit has not been placed on the amount of
combustible materials which may be placed in individual containe

—

or collectively in the underground storage rooms. EEG is
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2)

3)

4)

concerned since fire is listed among the possible accidents.

Gas Generation, Gas-generating materials in CH-TRU waste are
Timited to 10% by weight in any single storage room. No

1imit is given for RH-TRU waste. The 10% limit shown would

not provide meaningful guidance to the individuals packing

the containers. How much gas-generating waste will be accepted?
How much gas and what type can be generated? What will be

the long term effects of gas generation? On pp. 9-133 to 9-136,
gas generation and its possible effects on the repository are
discussed. These problems are being investigated by the DOE.
Calculations have been carried out which indicate that gas
pressures in the repository "might exceed 1ithostatic pressures
at the repository depths" (9-136; details are not given).

The statement is made that "To insure that evolved gases will

not fracture the rock overlying the reference repository, the
waste acceptance criteria will Timit the amount of gas-producing
material in the waste accepted for burial” (9-136;3). Gas
generation criteria should be very specific and should be
supported by evidence of their adequacy. Detailed guidance
should be provided to waste-generating facilities in order

to help them meet the criteria. It is not clear how waste-
generating facilities will determine the content of gas-producing
materials in previously stored wastes.

Pyrophorics. EEG believes criteria should specify the
amounts of pyrophoric material permitted in both CH and RH-TRU
waste.

Hazardous Material. What non-radiocactive hazardous materials

must WIPP be prepared to handle, and in what total quantity?

What criteria will the WIPP operator use in authorizing such
material? (See the reference to "Hazardous materials" in

Table 5.1). What calculations have been done on the potential
reentry of these materials to the biosphere? Some of them
could be hazardous for periods longer than the radioactive wastes.
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5) Thermal Power. A criterion of 0.1 W/ft3 jg given for color

coding and identification for the CH-TRU waste. A criterion
should be given for RH-TRU as well. -

The explanation given for not restricting combustibility, gas
generation or thermal power for RH-TRU waste is that "quantities

[of RH-TRU waste] are insignificant, and processing will probably
not be available" (5-4). The DEIS refers to RH-TRU waste as
constituting "a small fraction (about 2% by volume) of the TRU waste
generated :y the DOE complex" (5-6;1), and goes on to state that
"Even if all the RH-TRU waste were gas-producing or combustible,
there would probably not be enough to cause significant problems

at the WIPP reference repository" (5-63;2). EEG's estimates of

total respository TRU wastes volumes (see Table 5, p. 20) are

1.0 x 107 cubic feet of CH-TRU and 2.8 x 10° cubic feet of RH-TRU.
I[f this amount of RH-TRU material is to be considered insignificant,
calculations in the final EIS should support this conclusion.
Furthermore, EEG estimates the average level of radioactivity of
material in a shipment of RH-TRU waste to be 2.2 x 103 Ci/rail
shipment and 4.5 x 102 Ci/truck shipment (see Table 3, p. 18). o
The degree of mobility and combustibility of wastes will be a factor
in determining the consequences of a transportation accident.

Previously Stored TRU Hastes

To what extent will previously stored TRU waste be re-examined,
treated as may be necessary (incineration, immobilization of ash,
etc.) and repackaged prior to shipment to WIPP? Some of the
wastes proposed for WIPP may have been in storage as long as 20
years., The characteristics of the wastes and the containers
could have changed substantially in that time, rendering either
the wastes, the containers, or both unsuitable for storage at the
WIPP. According to reference 16, it is doubtful that 17C drums
would meet the leak test requirements of the ANSI sténdard 14.5,
particularly after a decade of storage. The integrity of the
drums without polyethylene liners is particularly suspect. Is
4;““““?n the no-leak requirement of ANSI 14.5 or the requirements of 10

—
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CFR 71.42 (b) applicable to the packages to be shipped to the ’ :&
WIPP? -

Information in reference 11 indicated that there was non-uniformity
among the various suppliers of the TRU wastes in the way in which
wastes were stored and data recorded. The waste acceptance
criteria should clearly establish uniform practices which are
consistent with the needs of WIPP. For example, reference 22
indicated that all Pu-238 contaminated waste in ‘drums which have
been previously stored for significant time periods should be
considered potentially explosive until individual drum analyses are
conducted, This would imply that such drums would not meet a
criterion prohibiting explosive material in CH and RH-TRU waste
containers,

Impacts of Processing

Processing of CH-TRU waste by slagging pyrolysis was presented

in the DEIS as a strong possibility (5-9). This raises certain
guestions. Would slagging pyrolysis facilities be set up at all
sites from which waste would be sent? Would pyrolysis take

place only at INEL? In this case, would waste from other locations
be sent to Idaho for processing or would the waste acceptance
criteria be relaxed for waste from other locations? Will some of
the waste be processed at the repository site? This would have
implications in the area of transportation and operational
exposures.

The statement on page 5-7;3 that "the waste-acceptance criteria
finally selected will produce smaller impacts than the impacts
calculated from the assumed criteria" seems premature.
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Detailed Comments

5-3, 5-4 What is the rationale behind "Large suppliers must observe
anothey limit: the surface-dose rate of their shipment
averaged over 3 months, must be no higher than 10 mrem/hr"
(5-3:7)? What is the 1imit for small suppliers? Also,
what are the surface contamination limits (Ref. 49 CFR

143.398})7?

5-4 Have criteria been developed for spent fuel and High Level
Waste?

5-5 Surface Contamination Criteria reference should be 49 CFR

173.398 instead of 49 CFR 73.398 in Table 5-1.

£-4,5-7;4 Table 5-1_stated that small quantities of pyrophoric
material will be acceptable. Page 5-7 stated that
environmental impacts were assessed under the assumption
that no pyrophoric material would be accepted.
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TRANSPORTATION
(DEIS Crapter 6)

Major Conclusions

1} The equations used in the calculations of radiation doses
from the normal transportation of the radicactive wastes
have been derived by the EEG and the calculated doses were
found to be in agreement with those presented in the DEIS.
EEG has made a critical evaluation of the assumptions used
in order to determine the validity of these dose estimates.
These doses would represent smalil additions to the general
population radiation exposure in comparison to other man-
made radiation sources and natural background.

2) EEG has identified a number of additional dosage calculations
to be performed and these are listed on pages 90-92,

3) Radiation exposures from deliberate acts of sabotage in the
transportation of radiocactive materials could be considerably
higher than those from conventional traffic and rail accidents.
The DEIS assumed there would not be a difference.

4, Some of the assumptions for accidents may not be sufficiently
conservative. The following possibilities were not included
in the DEIS calculations.

a) A fire occurring during a rail accident involving contact
handled transuranic wastes (CH-TRU).

b) Leakage of remote handled transuranic wastes (RH-TRU)
from a container following a rail accident.

¢) Ingestion of radiocactive material following an airborne
release.
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5) Consideration should be given to shipping all the radicactive
waste by rail wherever the calculations show that the potential
radiation exposures to people would be reduced. This is
consistent with the concept in radiological health that alj
unnecessary radiation exposure be avoided and exposures kept

as low as reasonably achievable (ALARA). Consideration should
also be given to restricting shipments in icy weather.

6) The maximum dose to peop]e'from atmospheric dispersion can be
closer than the 0.5 miles calculated in the DEIS if the plume
does not rise to a height of 20 meters at the time of release
or if more unstable atmospheric conditions occur.

Radiation Doses from the Normal Transportation of Radiocactive Wastes

The radionuclide inventories for truck and rail shipments of both
CH-TRU and RH-TRU wastes were calculated by EEG and are shown in
Tables 3 and 4. Derivations of the equations used in the calcula-
tion of radiation exposure from the normal transportation of radio-
active wastes are shown in Appendix II.

Comparison of calculated doses in Table 7 and 8 show substantial
agreement between the annual doses in the DEIS and those calculated
by the EEG using NUREG-0170. These exposures represent small
additions to normal background radiation and man-made radiation
exposure.

The doses given in the DEIS are population doses. No information

was presented on potential doses to individuals. Projections of
maximum individual doses during normal transport should be provided.
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TABLE 7

Calcuiated Radiation Doses from Normal

Transportation of CH-TRU Waste

Annual Populiation Dose (man-rem)

Origin Population Population
and surrounding route Passing surrounding route
Hode while moving Motorists - while stopped Crew _
EIS EEG EIS/EEG* EIS EEG EIS/EEG*| EIS EEG EIS/EEG* EEG_ EIS/EEG*
INEL{box)
Truck .096 .14 .68 .049 ,044 .16 .16 1.0 2.6
Rail .34 21 1.6 .007 ,007 1.0 009 1.1
INEL(drum)
Truck .59 .88 .68 .31 .27 .99 . .99 1.0 16
Rail 2.1 1.3 1.7 .04 .04 1.0
Hanford
Truck .52 .75 .69 .27 .24 14
Rail 1.6 1.0 1.6
LASL
Truck .15 oy .68 .
SRP
Truck .06 .09 .67
Rail .16 .10 1.6
*Ratio of EIS Dose to EEG Dose.
) ) )



TABLE 8

Calculated Radiation Doses from Normal
Transportation of RH-TRU Waste

Annual Population Dose (man-rem)

Origin Population surrounding route
and while moving
Mode EIS EEG EIS/EEG*
INEL .
Truck .29 .44 .66
Rail .26 .37 .70
Hanford
Truck .16 .25 .67
Rail .13 .19 .68

*Ratio of EIS Dose to EEG Dose.
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Radiation Doses from Transportation Accidents

According to the DEIS, the barriers 1imiting the release of radio-
activity to the environment following an accident result in only
0.004% of the radioactive material being respirable following a
rail accident with CH-TRU wastes (6-23) and 0.015% following a
truck accident {(6-24). The only radioactive material that would
be released in a rail accident involving RH-TRU waste would be 0.1%
of the Cs-137 activity {6-25). The references from which the
values of these barriers were selected in many instances do not
show the basis on which they were derived. Empirical evidence
needs to be developed under experimental conditions to confirm
the reasonableness of many of these values.

Consolidated calculations for atmospheric dispersion coefficients
(x/Q) are to be found in Appendix V and are in reasonable agreement
with those presented in the DEIS when the same assumptions are

used,

I[f the plume in an airborne release does not rise to a height of
20 meters, then larger x/Q values can be obtained and the maximum
dose can occur at distances closer than 0.5 miles.

The following calculations were performed for a rail accident with
spent fuel, using the assumptions shown in the DEIS. The results
obtained were in substantive agreement with those in the DEIS.

Table 9

Dose to an Individu;1a

Dose Commitment, (rem)

Organ DEIS EEG DEIS/EEG
Bone 1.2 1.2 1.0
Lung g.3 0.2 1.5
hole Body 1.1 0.9 1.2

aMaximum dose to an individual one-half mile from the accident.
Details are shown in Appendix II.
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Although the CH and RH-TRU doses to the general population from

normal transportation are not considered to be of public health
significance in comparison to other radiation Sources in the environ-
ment, serious consideration should be given to shipping all the radio-
active waste by rail, wherever the calculations show that the actual
and potential radiation exposures will be reduced. This is consistent
with the concept in radioleogical health that all unnecessary radia-
tion exposure be avoided and exposures kept as low as reasonably
achievable (ALARA}.

The approximate total distance to be driven by the trucks will be:
(600 shipments/year) x (1000 miles/shipment) x (30 years) = 18
million truck-miles. Calculations of injuries and accidents
unrelated to radiation should be performed for rail and truck
shipments. Consideration should also be given to restricting
shipments in icy weather.

The follcwing need to be clarified:

1) Who is responsible for accident response?

2) What response capability exists now and is planned for the
future?

3) What state and joca] aﬁsistance is required?
4) Who equips, trains and funds the people?

5) Who pays for deployment, if required?

6) Who assumes financial risk for accidents?

Additional Dosage Estimates

There are a number of additional dosage estimates that need to be
calculated:
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1)

2)

3)

4)

Radiation exposure from acts of sabotage in the transportation
of radioactive waste materials. The amounts of radicactivity
released could be greater than those released in accidents.

Are there any sabotage scenarios thatvcou]d produce criticality?
(Occupational, General Population)

Radiation exposure to emergency workers such as police and
firemen foilowing a transportation accident.
(Occupational)

Exposure to a person stopped in an automobile next to a radio-
active waste truck at a red light or in a traffic jam.
(General Population)

Exposure from shipments of retrieved radioactive waste following
the completion of the high level waste experiments. Containers
could be bent, damaged or under pressure from gas generated by
decomposed organic material.

(Occupational, General Popuilation)

Ingestion from contamination of a water supply or crops
foliowing an airborne release.
(General Population)

Material resulting from decommissioning and dismantling of
weapons production facilities in Hanford. While the DEIS
assumes that none of the 5 to 95 million cubic feet of mater-
jal will be shipped to WIPP, it notes that the WIPP will have
the capacity to receive some of this TRU waste (2-22;2).
(Occupational, General Population)

Consideration of a diffuse source of radiocoactivity rather than
a point source in transportation calculations.

Population dose estimates were provided in man-rems. They
do not identify the maximum dose to an individual.
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Detailed Comments

6-4 Consideration should be given to limiting truck ship-
ments during icy weather from sites such as LASL.

6-735 According to the DEIS (5-7}, the shipping containers will
not c¢ontain pyrophoric material. Can depleted uranium be
pyrophoric under certain circumstances?

6-8 The interaction of the pyrophoric material permitted on page
5-4 and the hydrogenous material layered in the cask construc-
tion is not addressed in the transportation fire scenarios.

6-9 Will DOE or the carrier select the routes to be taken?
Are there always two drivers or could the shipment be
left unattended during stops?

6-12, Mo information is provided on waste used in HLW experiments
6-14 such as:

radionuclides

amount of radioactivity

type of container

form of material

What quantity, types, configuration of non-radiocactive
wastes are expected to be shipped as a contaminant in the
radioactive waste?

6-17;2 The last 1ine should read “from natural background" and
the time period should be one year.

6-18;1 The numerical value (1.0 person-rem) does not agree with
the value shown in Table 6-10, and unit "person-rem
dose" is inappropriate. We are not able to confirm the
figure of 0.02%.

6-18 Tables of doses inc]ude values for occupatiqnal and general
population. They should be separated since different
criteria apply to them.
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6-23;4

6-23;5

6-24:2

6-25,

6-26

6~2533

6-25;5

What is the basis for assuming no ingestion of radicactivity
from an airborne release following a transportation accident?
Also, a body of water could be contaminated,

The assumptions for meteorology coupled with a release
height of 20 meters for the aerosol! result in a maximum
dose occurring 0.5 miles downwind. Other assumptions can
produce larger exposures at closer distances.

What is the basis for the assumption that contaminated
food would immediately be taken out of distribution? Such
administrative action has not always been possible or
necessary.

The hypothetical rail accident involving CH-TRU ..ste
calculates that only 0.004% of the radiocactive material
in the shipment would be airborne and respirable in a
release. What is the basis for each of the factors in
the calculation?

The 1978 Shefelbine reference is not adequate to justify —
the assumption that 10% of the waste is in powder form.

Would radionuclides.other than Kr-85 and Cs be volatilized
in the fuel element accidents involving fire?

The hypothetical rail accident of a violent wreck with a
fire for one hour involving RH-TRU waste assumes that only
0.1% of the Cs-137 would be released. HNo other radio-
nuclide listed in Table E-3 on page E-4 would be released

to the environment. What is the basis and rationale for
these numerical values?

The hypothetical rail accident of a violent wreck with a

fire for one hour involving spent fuel waste assumes that
only 30% of Kr-85 and 0.1% of Cs-134/137 would be

released. No other radionuclide 1isted in Table E-3 on page
£-4 would be released to the environment., What is the —
basis for these statements?
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6-26

6-26,
6-23

6-26,

Tables
6-14,6-15

6-27

6-27,
Table
6-3

6-27,
6-18

The hypothetical accident involving the shipment of

spent fuel only considers cesium and krypton being
released; but the operational accident for spent fuel on
9-37;1 otes that tritium, Krvpton-85, and Iodine-129 are
easily released.

[t was assumed that there was no route of exposure

except inhalation for the accident. Administrative control
cannot be relied upon in this type of incident and other
routes of exposure must be considered.

The assumptions that many nuclides including tritium,
lodine-129 (and others) are released from a damaged spent-
fuel assembly in the WIPP above ground facility, are
different than the assumptions discussed on 6-26 for a
rail accident. These differences should be resolved.

We were able to reproduce the spent fuel bone dose of 4200
man-rem shown in Table 6-14. We were unable to reproduce
the population dose commitments in Table 6-15.

Drums were considered in the scenarios involving trans-
portation accidents but boxes were not. An explanattiaon
is needed.

Surface contamination tests upon arrival at the repository
are needed.

Using the assumptions of the spent fuel transportation
accident outlined in the DEIS, calculations by EEG were in
general agreement with the dose to individuals given in
Table 6-3.

The various radiation exposures from the shipment by

truck are greater than by rail (annual man-rem doses from
transportation of CH-TRU, RH-TRU and spent fuel, pp. 6-18
and 6-19). The same is true for accidents (p. 6-28).
Consideration should be given to transporting all the
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radioactive wastes by rail which would reduce the expected
and potential radiation exposure in accordance with the
ALARA {as low as reasonably achievable) concept.
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SITE CHARACTERIZATION

{DEIS Chapter 7}

Major Conclusions

The EEG has evaluated the Geological Characterization Report {GCR)
Waste Isolation Pilot Plant (WIPP) Site, Southeastern New Mexico
{SAND 78-1596), December, 1978, which is the sourée of most of the
geological and hydrological data in the DEIS; the complete review
is in Appendix III. Conclusions and summary statements in the
DEIS, as well as in tre GCR, did not take into account certain
important problems related to geologic and hydrologic factors. The
following is a summary of EEG's major concerns:

1) Seven wells within nine miles of the periphery of the WIPP site
have encountered brine reservoirs under artesian pressure. The
origin, evolution, frequency of occurrence and size of these
high pressure brine reservoirs were not adequately addressed
in either the DEIS or the GCR.

2) There is at least one confirmed occurrence of a "chimney...
with clay cemented brecciated rock", commonly called a breccia
pipe, approximately seven miles from the WIPP site (Mississippi
Chemical Corporation potash mine). Several other possible
breccia pipes are under various stages of investigation. The
origin, evolution and frequency of occurrence of these features
must be better understood. They may be localized deep dissolu-
tion features which originate in the lower portion of the
evaporites and migrate upward. Such localized dissolution
features could now exist or develop later beneath the proposed
site.

3) The DEIS and the GCR assumed that surface or shallow dissolution
is the dominant process of salt removal from the evaporite beds.
However, deep dissolution may be causing a preferential removal
of the salt horizon which is proposed for the repository.
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4) The lithology of the repository horizons is described on page
7-24 of the BEIS and parts of the lithologic log of the ERDA-9
hole are shown in Figures 1 and 2 of this section {(from Fig. —
4.3-38B of the GCR). These sections of the logs describe the
Yithology of the repository horizons for CH and RH zones as
shown on Figure 4.3-3A of the GCR. The logs show the presence
of clay, anhydrite and polyhalite in addition to halite, as
the constituents of both repository horizons. The presence
of these impurities should be taken into account in evaluating
physical, hydrological, thermal and strength characteristics
of "rock salt" from the repository horizons.

5) The values of hydrologic parameters {(e.g. hydraulic conductivity,
distribution coefficients, and effective porosity) can vary
over a large range and the DEIS provides such information. In
addition, Qotentjometric surface maps, hydraulic gradients and
flow paths have been constructed on the basis of limited data.
In some cases (e.g. hydraulic conductivity) the DEIS gives a
range of measured values. Ranges should be assessed.in all cases,
particularly for distribution coefficients. The distribution —
coefficient (Kd), which affects the speed with which a given
radionucliide is transported in groundwater, can be affected by
rock type, extent of fracture permeability, water quality charac-
teristics, competing ion effects, and the chemical form of the
radionuclide of interest. Values obtained for a given nuclide
in a given rock formation have been observed to vary by severa’
orders of magnitude.

6) More information should be given in the final EIS on surface water
hydrology in the region surrounding the NIPP site.

ITtems 1, 2 and 3 have been discussed in detail in Appendix III
(EEG's Review Comments on the GCR). No new information on these
jtems is presented in the DEIS. The DEIS concluded that there was
no evidence of brine reservoirs or ongoing deep dissolution at the
WIPP site. EEG questions the basis of these conclusions in the
Review of the GCR.
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tithology of Proposed Emplacement Horizons

According to the DEIS (7-213;4), the repository horizons were
selected due to the presence of relatively pure salt layers,.
When the NAS-NRC Committee (Ref. 2 ) recommended salt as the most
likely geologic medium for radioactive waste disposal, it placed
strong emphasis on the "purity" of a bedded salt formation so
that its thermal and physical properties could bé predicted.

The presence of impurities can affect the properties of bedded
salt. Examples are:

1) Argillaceous (clayey) layers in bedded salt may provide
conduits for the migration of water to and from the reposi-
tory. While some of the impurities found in bedded salt
have lower permeabilities than halite, a path for migration
of water may be created along the contact between two layers
of differing lithology.

2) A subgroup of the Interagency Review Group on Nuclear Waste
Management commented on salt formations: "The hydrologic
regimes in which anhydrite occurs are characterized by flows
along bedded planes, but locally channeling (cavern formation)

occurs in anhydrite similar to that in limestone and gypsum"
(Ref. 1).

3) The chemical reactions which may take place in the vicinity
of high level waste, accelerated by elevated temperatures and
high pressures become more complex and unpredictable when the
host rock is heterogeneous.

4) Because thermal conductivities of clays and polyhalite are
very different from that of halite, the dissipation of heat
resulting from the high level wastes will not be uniform
around the waste. This may result in cracking, parting of
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i /These potential problems are not discussed in the DEIS, although

the 1ithology of the repository horizons is presented as follows:
"The basic mineral of both repository horizons is halite. Also
present are anhydrite, polyhalite, quartz and a suite of clay
minerals (illite, chlorite, talc, serpentine, and expendable clays).
Halite beds within the emplacement harizons are about §7% halite.
Most of the remainder is anhydrite” (7-24;5). WNote that the last
line quoted refers to 97% halite in halite beds énd not in the

total repository horizon. The 1ithologic log for the CH repository
horizons (Figure 1) shows anhydrite beds which are 0.2, 0.7 and

0.9 feet thick and most halite layers are “argillic and polyhalitic".
The RH repository rocks are mostly "anhydritic and argillic halite"
(Figqure 2). The bottom 20 feet of the RH zone is primarily "dense
anhydrite".

Unidentified Structures

A lamprophyre dike or a series of en-echelon dikes were reported
within six miles of the periphery of the WIPP site. If associated
igneous bodies underlie the WIPP site, they could affect the
integrity of the salt beds. The cross-section on Figure 4.4-5 in
the GCR shows faults in the Castile directly below the WIPP site
and the contour map on Figure 4.4-6 shows confined fauits on top
of the Castile. These should be explained.

Surface Water Hydrology

~There is not enough information given on surface water hydrology
in the region around the site to enable one to adequately evaluate
the effect of the site on local water resources. Since surface
runoff is a potential pathway to spread contamination, it needs to
be evaluated in much more detail. This evaluation should include
runoff from floods with a 100-year and 1,000-year return period.
The fate of this runoff water after it reaches Nash Draw
{(or elsewhere ) needs to be evaluated. A description of
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existing and planned water resource development in the area
(including irrigation withdrawal, canals, irrigated lands, and
return flows) would make it possible to evaluate the effect of
the project on present and future surface water resources. Also,
it will be necessary to describe water use downstream from Malaga
Bend into Texas in order to evaluate the transport and concentra-
tion of radionuclides released to the Pecos River from the long
term breach scenarios.

Ground Water Hydrology

The ground water data was largely obtained on the Rustler and
deeper aquifers and was used to evalute the role of these aquifers
in transporting radiconuclides away from the site. Another path-
way of exposure would be from wells drilled into the Rustler,
Santa Rosa Sandstone or other shallow lenses near the site, and
used for individual water supplies, gardens or stock watering.
More information is needed on present and potential well water
use, quantities of water available, effect of surface recharge,
and potential for the well water to be contaminated by the Bell
Canyon or Rustler aquifers.

Climatic Changes

Based on the evidence presented on page H-62 and H-63 of the DEIS,
the present interglacial period may last another 4,000-5,000 years
followed by a cooling trend culminating in another glacial age.

In that case, the climate near the WIPP site may be significantly
cooler and wetter in 10,000-15,000 years. EEG recommends that
long range modeling take into account plausible future climatic
changes in hydrological regime.
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Figure 1

Figure 4.3-3B

CH repository horizon from 2074 to 2176 feet

From GCR,
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Figure 4.3-3B

Figure 2

From GCR,

RH repository horizon from 2620 to 2730 feet
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Detailed Comments

7-17:2 Section 17, T22S, R31E is in control Zone 111.

7-26:7 What is a "depositional-growth fault'and what is its
significance?

7-30:;9 What is the status of the investigation of these faults?

7-47;3 It should be "approximately 3300 square miles" instead of
"1 million sg. mi." (See Fig. 7-17).

7-65;1 A map and a cross-section showing locations of brine pockets
encountered and their strqtigraphic locations should be
inciuded in the final EIS.

Why has the model assumed a flow path in the Rustler directly
to Malaga Bend to the Pecos River. (See Fig. K-5). Couldn't
the water geep out in Nash Oraw since the top of the

Salado is exposed in Nash Draw?

Why is it assumed that the water will come out at Malaga
Bend? Why not Laguna Grande de la £al? Yhat is the
origin of the water in Laguna Grande de la Sal?

———

7-72;6 What is the basis for the assumption of the origin of
water for Laguna Plata and Laguna Gatuna?

7-74;1 “Weaver Pipe” could be an example of a breccia pipe which
has no surface expression. Could there be such breccia
pipes at the WIPP site which have no surface expression?

7-75:3 Late Pleistocene (Wisconsin) was from 40,000 years to
15,000 years B.P. Such climate changes can occur in the
future as well.

7-75:;7 The GCR (August 1978) referred to current and future
studies to evaluate deep dissolution (6-46;1). The EIS
(April 1979) concluded "In any case, deep dissolution does.—
. not occur near the site”. Have these studies been conciud. .
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OPERATION OF THE REPQOSITORY
(DEIS Chapter 8)

Major Conclusions

1) Present plans would permit public access to Zones II, IIl and
IV during operations. Also, there is private land 2.8 miles
downwind (northwest) of the center of the site where building
could occur. Consideration should be given to the radiological
air quality and noise environments at these locations in addition
to those at the James Ranch.

2} Calculations of radionuclide releases from routine operations
agree with those in the DEIS when the same assumptions are used.
However, several assumptions used in estimating the amount of
radiocactivity released are unverified.

3) Radon emissions from natural radioactivity in the repository have
not been measured in soil, mined rock, and the proposed waste
horizons. Radon should bte measured to see if levels might be high
enough to be a problem for underground workers and a source of
radiation exposure to the public from the excavated salt.

4) Other than radon, the present radiological monitoring program
appears satisfactory for the next several years.

5) From the limited information provided in the DEIS on the high
level waste experimental program, 9-90 million curies of radio-
activity may be involved in the experiments with full-size
canisters. In this case, the experimental waste could be the
most significant factor in the analysis of potential radiation
exposures during the operational phase of the repository. This
was not considered in the DEIS calculation of radiation doses.

A11 high level waste used in experiments is scheduled to be
retrieved and all TRU waste and spent fuel elements are to be in a

o
St
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retrievable condition. The DEIS does not address such important
items as the criteria for retrieval, the hazards to workers, and
hazards to the public. More information is needed before the
feasibility of retrievability can be evaiuated.

7) The options of decommissioning are adequately covered for the
present., The advantage and feasibility of control for periods
greater than 100 years should be included in this evaluation.

8) From the material presented in the DEIS, one could conciude that
Ambient Air Quality Standards may be violated in Zones II,III, and 1V,
unless certainmeasures are taken to insure that the standards are met.

9) There will be some degradation of the noise environment due to
repository operations and the traffic related to it. More attention
needs to be given to mitigating noise.

10) Due to WIPP-induced population growth in surrounding communities,

- there will be some impact on water guality, water supply, and
solid and hazardous waste conditions. The EEG agrees with the
DEIS conclusion that, with proper planning, the existing systems -
are adequate to absorb the increase.

The Site and Its Environs

The entire area of the site and much of the lTand immediately outside

of Zone IV are owned by the Federal or State government. The James
Ranch, located 3 miles south-southwest of the site center, is privately
owned anrd occupied and was used to calculate the maximum individual
exposures to radioactivity and noise in the DEIS.

However, it may not be conservative to assume that this is the location
of the maximum exposed individual, for the following reasons:

1) Private land is located just outside the northwest boundary,
2.8 miles downwind from the site center. From the atmospheric
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dispersion coefficients given in Table H-36, calculations of
concentrations of airborne effluents would be about 5 times
higher than at James -ARanch.

2) Plans indicate public access to parts of the site for ranching,
recreation and resource extraction. Consequently, people may be
as close as one-half mile from the site center.

Analysis of the effects of repository operation on individuals in
the population should consider these locations wherepeoplewill be
permitted to live or visit as well as where they live now.

Normal Radiation Releases

Radon Emissions

Radon, a naturally occurring radicactive noble gas is contained

in air exhausted from underground mines. Because radon concentrations
could be high enough to be a hazard to some underground workers and
could result in measurable off-site exposures, the concentrations
should be measured.

The DEIS recognized that radon will be present in exhaust air but did
not consider the radon from the mined rock storage pile on the

surface. Radon concentrations in the DEIS were based on concentrations
reported in the Nuclear Regulatory Commission's Final Generic Impact
Statement on Mixed Oxide Fuels (GESMO).

Appendix 1V contains a2 more detailed discussion of the possible radon
exposure and calculates dosages to the bronchial epithelium as well
as the'pulmonary lung dose at 0.5 miles, 2.8 miles {NW) and 3.0
miles (SSW). These calculated doses (which are average, rather than
upper-bound limits) suggest that potential radom exposures are high
enough to require direct measurement at the site to determine actual
concentrations.

Operational Releases of Radioactivity

Starting with the assumptions used in Chapter 8, the radiation releases
to the environment were calculated by EEG and they agreed with the

-52-



results listed in the DEIS (Table 8-6). Agreement was also obtained
with the guantity of radiocactivity collected on HEPA filters reported
in Table 8-7.

However, one area of potential disagreement relates to the calculation
of releases of radioactivity from underground storage of contaminated
containers. The EEG calculations assumed a 4-year accumulation of
boxes and drums that were releasing 1% per year of their remaining
surface contamination. The EEG calculated release was approximately
four times the quantity of released TRU wastes listed in Table 8-6.
Was the calculation in the DEIS based on one year's accumulation of
containers? .

It is not clear from the description in the DEIS what becomes of
spilied material from damaged drums and boxes. The DEIS, assumed
that 1.47 curies of TRU waste would be spilled per year and 0.1%
would become airborne. The remainder is unaccounted for. The
guantity of TRU wastes on ion exchange resins reported in Table 8-7
was only 0.04 curies per year.

Assumptions for Release

A number of factors are involved in the chain of events that must

occur before radioactivity is released at the site. fost of the factors
that are used to calculate the release of the CH-TRU waste are assumed
(surface contamination, non-fixed surface contamination, number of

boxes and drums damaged, percent of the surface area that is cracked).
Is there a data base for the surface contaminated or damaged drums and
boxes that have been packaged, shipped and stored over the years?

It is difficult to determine if the assumptions are conservative

based on the following information presented in the DEIS:

1} The DEIS assumed that one spent fuel assemb1y and its canister
are damaged in a four-year period (8-32:1) as described in the
NRC's Reactor Safety Study, 1975. A more recent report

reviewing the history of spent fuel assembly accidents by
Johnson (Ref. 1), presented data which sugaest that one

or more accidents per year might be more realistic.
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2} A1l calculations assumed an average percentage of powder and average
radionuclide concentration in each drum, Calculations should

also be made using boxes, which contain more waste than drums
and have higher levels of radiocactivity.

3) Specific data are absent on design, testing and experience
with remote handled TRU waste casks and canisters.

Due to the ranges of possible values of factors involved in a
potential release of radiocactivity, a sensitivity analyses should
be performed to determine their effect on potential doses.

High Level Waste Experiments

The DEIS did not state the amount and types of radionuclides thatwill te
brought into the repository for these experiments. Twenty to 200 bare
waste experiments are to be conducted (8-47). The number of full sized

canisters emplated was estimated to be between 20 and 200 (8-48),

but *...these numbers, like the estimates of bare waste reaction chambers
may change by as much as a factor of 2" (8-48;2). “The source of the
waste to be used in these experiments is not as yet defined" (2-24;3).
The possibilities of using laboratory produced commercial reactor
wastes, aged defense HLW or wastes fortified with Strontium-90 or
Cesium-137 are then discussed.

Even with these few details it is apparent that the quantities of
radioactivity brought into the repository in the experimental pro-
gram could be large if one assumes that the full sized canisters
described on page 8-48 are the same as the high level waste canis-
ters described for commercial high level waste in Table E-4 on page
£-5. The estimated amount of radioactivity in a high level waste
canister is about 460,000 curies (Table E-4) which would give a
total of 9-92 million curies from the canisters alone.
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Retrievability

Present plans are to retrieve all high level wastes (HLW)
experiments after completion and to have the ability to retrieve
contact-handled and remote-handled TRU wastes and spent fuel.

The periods of retrievability are agparently 10yvears for TPU wastes and
20 years for spent fuel {(the times are reversed in the steterents

an Z2-18;7 and 2-1931). Container life for TRU wastes is designed

for 10 years so it can be retrieved (5-4)}. A possible neced for
repackaging retrieved containers is recognized {(9-52:%) and
apparently it is planned to do this underground. Another refer-

ence (9-49;2) stated that accidents during retrieval are expected

to be no worse than could occur during emplacement.

The DEIS did not provide. guidance on the criteria for retrieval:
of TRU and spent fuel wastes. ODetails were not provided on how

retrieval would be conducted and on the contamination and exposure
problems that are expected. The retrieved containers could be
damaged during emp1acement, storage, and retrieval. Also, chemical
action of the salt environment for periods of 10 or 20 years could
produce deterioration in the integrity of the canisters. Retrieval
of high level waste experiments will be further complicated by

bare wastes and contaminated salt.

While retrieval is possible, the removal of radioactive waste from
the repository will involve more problems than emplacement. The
extent of this difference has not been adequately addressed in the
DEIS and should be expanded upon in either the final EIS or PSAR
(Preliminary Safety Analysis Repqrt).

EEG belijeves that retrieval will be a complex operation with the
potential for significant radiation exposure to workers and for
possible releases to the environment. It is necessary for
retrievability to be evaluated in detail for procedures, logistics,
and criteria before conclusions can be drawn about its feasibility.
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Decommissioning

The discussion on decommissioning of the WIPP site repository
(8-53 to 8-57) covers various alternatives and contains adequate
detail at this time. Any of the alternatives listed on page
8~54 should be acceptable if carried out properly. There are
two issues that have the potential to increase the probability
of Tong-~term problems:

1) administrative control over the site; and

2) borehole plugging.

Possible industrial use of the site is indicated (8-53;3). The
land area is expected to be returned to its natural state in
several decades unless the mothballing option is taken (11-1).
Also, Scenario 5 (9-124) assumes administrative control is lost
after 100 years and unregulated drilling can occur. This scenario
results in a high dose to well drillers. A detailed evaluation
should be made of the degree of control needed at the site after
decommissioning and should include:

1) the possibility of control for periods longer than 100 years;

2) the long-term controls over shallow-well drilling in Zone 111
and resource extraction in Zone IV; and

3) details of the long-term radiological monitoring program.

Radiological Monitoring Program

Pages J-24 to J-41 of Appendix J of the DEIS describe the present
radiological monitoring program, the tentative pre-operational
monitoring program, the proposed operational monitoring program,
and the post-operational monitoring program.
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While it is realized that these future programs are necessarily
tentative, the following comments are offered.

Present Program

This program appears adequate for several years, with one exception.
Measurements of radon and its short-lived daughter product concen-
trations are needed from the soil, from mined rock, and in the
underground mine.

Radon monitoring should be done as socon as possible because the
presence of high levels could influence the design of underground
ventilation.

It will be necessary to obtain sufficient samples and analyses
before operation to .insure that the variations in the background
(naturally occuring and from weapons testing fallout) levels of
actinides, tritium, Carbon-14 and fission products are adequately
known. These values are needed in order to be able to detect
contamination from site operations.

Pre-operaticnal Program

It is noted that no air particulate station is planned for Hobbs.
Since it is a major population center, with a calculated long-term
x/Q only 10% lower than at Eunice, this omission should be recon-
sidered. Also, the three days per week of sampling should be
randomized in order to measure levels on work days, and non-work
days.

Consideration should also be given to monitoring radioactivity

in rainfall and runoff (when it occurs) at the site as well as
surface water and biota in Nash Draw. Several additional shallow
wells, whether presently used for human consumption or not, should
also be sampled on an annual or biennial basis.
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In several cases in Table J-4 (Appendix J), the types of analyses are
not specific enough. Gross analysis is useful as a screening

mechanism for detecting significant contamination. However, it

usually will not detect trace migration of radionuclides. A1l

media being sampled should have periodic analyses of the actinides,
tritjum, Carbon-14 and long-lived fission products. Consideration
should be given to developing and maintaining a capability of measuring
lIodine-129 in case of accidents (J-27;2).

Operational Monitoring Praogram

The same considerations expressed for the pre-operational program
are applicable for the operational program. No further comments
are offered at this time.

Post-operational Program.

The outline of a post-operational program presented in Table J-7
appears reasonable. However, the borehole radionuclide analyses

should be for specific radionuclides rather than gross alpha and
beta for the reasons discussed above.

Non-Radiological Hazards

Air Quality

The EEG analyzed the data presented in tne DEIS to determine if

a potential exists to exceed the Ambient Air Quality Standards at
the Reference Site. It was concluded that standards for several
of the criteria pollutants could be violated during construction
and operation of the WIPP., This conclusion, which differs from
that implied in the DEIS, is due to the following factors:

1} When calculating ambient concentrations, it is apprppriate
to consider locations where the public has access rather
than county-wide averages. The distance from the WIPP site

may be less than C.5 miles. g
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5)

Appropriate allowance must be made for the number of shifts
that will operate at the site. There is a discrepancy in

the DEIS. Table 8-9 assumes only one shift operation, whereas —

page 2-19 and 8-27 mention three-shift operation to calculate
radiation releases.

For three shift, five-day per week operation, the nitrogen
oxide and sulfur diokide concentrations at 0.5 miles were
calculated to exceed the annual average concentrations
permitted by the State of New Mexico if the x/Q values in
Table H-36 are used. The annual nitrogen dioxide Standard
would also be exceeded during construction.

During construction, the fugitive dust emissions shown on
page 9-8 would exceed the permissible 24-hour Tevel at a
distance of two miles when the background concentration of
approximateiy 30 ug/m> is added.

Particulate emissions during the operating phase are dominated
by releases from the salt pile and from the salt drying unit.
The magnitude of salt pile emissions has a range of uncer-
tainty. Experience with the potash industry suggests that

the pile emissions will te negligible except for the periods
when salt is being reclaimed for drying and use as backfill.
Emissions from the salt drying unit {(other than from combustion)
were not estimated in the DEIS. This source has been found

to be significant in the potash industry.
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Although the EEG analysis concludes that construction and oper-
ation of the site will violate the New Mexico Ambient Air Quality
Standards, experience with the potash industry suggests that it
should be possible to meet these standards with proper engineering
controls, elevated releases, and other mitigating measures.

A more detailed analysis of the air quality aspects needs to be
performed. This analysis should include one-hour and three-
hour analyses as well as 24-hour and annual values. A more
precise estimate of emissions from the salt pile and dryer is
needed. The analysis should consider such factors as elevated
releases, non-point source emissions, cloud depletion, control
technology, and other mitigating measures that will be taken.
The final EIS should contain the results of this re-evaluation
and indicate the measures that will be provided to insure that
Anbient Air Quality Standards are not exceeded.

Noise

The DEIS makes predictions on the noise levels from construction
and operation at the WIPP site. For the most part these projec-
tions appear reasonable. However, the conclusions emphasize the
fact that ambient levels will still be well below various standards
and suggest there is no problem. Actually, the noise environment
will be degraded both during the construction and operating phase
and some residents, off-site and near transportation arteries,
and users of Zones II, III and IV will be exposed to more noise
than at present. Furthermore, while the DEIS makes reference to
measures that could minimize noise exposure, no commitments are
made to implement specific measures.
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Several items in the DEIS requiring clarifications are:

1)

4)

5)

Traffic noise impact from WIPP-related commuter and truck
traffic cannot be estimated without knowing the projected
traffic volume (of both trucks and autos) with and without
the project. This needs to include the effect of night-time
traffic which will be present during three-shift operation
and construction.

The assumption of a peak dBA of 84 at 50 feet from diesel
trucks is optimistic since the Federal standard for Inter-
State trucks permits 90 dBA and many intrastate trucks cannot
meet this standard.

References on pages 9-4 and 9-27 imply that noise levels

of about 45 dBA will be inaudible at the James Ranch.
Actually, if the ambient is 26-28 dBA, sound pressure levels
of less than 35 dBA will be clearly audible.

It is unclear from the description of the mined-rock storage
just what noise sources are included and how they might vary
with time.

Operational noise near the site would be expected to alter
the present mix of wildlife species. The conclusion that this
would be minor and insignificant should be documented.

The final EIS should include more precise analysis of just how
much the noise level is expected to rise .from site construction
and operation. Also, consideration should be given to mitigating
measures such as:
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1} busing of workers to drastically reduce auto traffic;

2) muffling of construction equipment and use of low noise

products where availabie;

3) a requirement that all trucks meet the Federal noise
regulations required for Inter-State Commerce; and

4) housing of various equipment and operations.

Water Quality

Several aspects of the WIPP site operation may have an effect
on water quality. Primary impacts (on site) could occur from:

1) the sewage plant effluent and sludge;

2) reclaimed water use on-site;

3) runoff and leaching from the salt pile; and

4) general site runoff,

Secondary impacts could occur from the WIPP induced population
growth in Eddy and Lea counties. The most likely problem is
from septic tank contamination in unsewered areas and is recog-

nized in the DEIS (9-91;2). Both primary and secondary impacts
‘appear to be manageable with proper planning.
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Solid and Hazardous Waste Control

Construction, operation and decommissioning of the WIPP site
will result in the generation of substantial quantities of

solid waste and unestimated amounts of non-radiological haz-
ardous wastes. There will also be some secondary impacts in
Carlsbad and Hobbs due to the WIPP induced population growth.

It is not possible to evaluate the hazardous waste situation
from the 1imited information in the DEIS. Under present New
Mexico regulatiens, it is permissible to dispose of hazardous
wastes on the site without a permit where they are generated.
However, Federal regulations are expected to be in effect

prior to the beginning of site construction and they will prob-
ably require regulation whether disposal is on or off-site,

The types and quantities of hazardous waste expected to be
generated on-site need to be determined more precisely.

Metals and discarded equipment are scheduled to be recycled with
a commercial salvage company (8-35;6). An appropriate control
system should be established to insure that this recycling does
not lead to off-site radiclogical contamination.

Water Supply

Since the WIPP plant operators propose to purchase its water
supply from the City of Carlsbad, the State of New Mexico would
be involved in regulatory procedures only indirectly. In addi-
tion, the project could be exempted from State regulations under
Part I., Section 102, Water Supply Reguiations.
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A portion of the population growth could take place outside

of incorporated city limits. Water supplies for these families
would probably come from individual wells. Local and regignal
governmental agencies should be aware of potential water quality

7 problems related to the increased number of wells and their
y proximity to septic systems since the State Environmental

Improvement Division does not regulate individual water supply
systems.
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Detailed Comments

8-15:3

3-1755

8-23

8-28;1

8-28,2

8-28,3

8-28:;4 .

No mention is made in the DEIS of the management or
organization of the health physics program. ELCG assumes
this will be covered in the PSAR.

A contamination check should be made on empty CH waste
containers before they are “reloaded onto vehicles
leaving the plant".

Consideration should be given to isolating the High

Level Waste experimental area from the remainder of

the mine in case of accident. It is uncliear how the
isolation of the air flow will be accomplished from

the description on pages 8-20, 8-22 and 8-23.

The DEIS stated that 10% of surface activity is released
and becomes airborne. What data is this based on?

The DEIS states that 30 drums and five boxes per year
may be received in a damaged condition. This is .019%
of the drums and 0.21% of the boxes. Are these numbers
predicated on actual experience?

The DEIS states that cracks generated by dropping a
59-gallon drum will be less than 1% of the total area
of the drum surface. Is there a reference for this
assumption?

The assumptions of an airborne fraction of 0.00023 per
hour aﬁd a decontamination factor of 106 are referenced
and the airborne fraction is taken from an experiment
utilizing a road-like surface. Both larger and smaller
fractions were observed from other experiments by the
authors (Mishima and Schwendiman, 1973).
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8-31;4 The DEIS assumed that one canister per year will be
cracked, the crack is 1% of the area, and that the release
is proportional to the crack. Is there a reference for
these assumptions? Mishima and Schwendiman in BNWL-1732,
1973 do not cover these items.

8-32;51 It is assumed that one spent fuel assembly and its
canister are damaged in a four-year period. From the
data presented in a review of the history of spent fuel
assembly accidents (ref. 1) it appears the assumed rate

of one accident per 1000 assemblies handled might be too
low.

The NRC's Draft Generic Environmental Impact Statement on
Handling and Storage of Spent Light Water Power Reactor
Fuel (ref. 2) stated that both NFS (Nuclear Fuel Service)
and AGNS {(Allied-General Nuclear Services) included in
their safety analysis reports on underwater fuel drop
accidents in which it is assumed that all of the fuetl

pins in a fuel assembly were ruptured. It appears that
when the DEIS assumptions on released fractions from fuel
assemblies are compared to other references {ref. 1 and
2} the DEIS assumptions might be too Tow.

8-31;5 Since experiments with high level waste are planned with
bare sources, this paragraph should be clarified.

8-32,1 The assumptions that many nuclides including H-3, Kr-85,
I-129, tellurium and selenium are released from the damaged
spent fuel are much different from the assumptions dis-
cussed on page 6-26 for a rail accident. These differences
should be resolved or the rationale explained.

In addition, C-14 has been consistentiy omitted from

all inventories, releases and dose calculations pertain-
ing to spent fuel. The DOE in its Draft Environmental
Impact Statement Management of Commercially Generated
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8-34;1,3

8-34
Table 8-7

8-36;3

8-37:2

8-38
Table 8-9

8-43:3

8-47 ;4

Radioactive Waste (Ref. 3}, consistently lists

C-14 in its inventory {as on page 2.1.16) and out-
lines the calculations for C-14 {(in Appendix D).

The DEIS stated that there are 200 HEPA filters in
"parallel". This differs with statements made in
8-263;4 where it says there are two stages of filters
in series. If the statement on page 8-34 is correct,
then there is only a decontamination factor of ]03

rather than the 106 used throughout the report.

The total radioactivity per drum in Table 8-7 totals
6.7-4 Ci, not 5.7-4,

How effective will the protective action of spraying
the salt pile with water be in containing the
contents?

265 ug/mo.

While the table shows the total emissions of pollutants
at the site, it would be helpful to show the maximum
expected emission rates and when they occur.

Laboratory decontamination agents with EDTA may be
present in the TRU waste. If EDTA is present, it may
drastically alter the migration of actinides through
the soil and effectively alter the Kd values in the
long range release scenarios.

Are the "reaction chambers” merely drilled holes in
the salt of the mine? If so, how does one coilect
"gaseous samples" without having such samples contam-
inated by the ambient air?
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8-49,7

8-49;5

8-51

8-52;2

8-55;3

8-57;1

If the canistered spent fuel assembly is placed inside
a sleeved hole, can this assembly do anything more than
produce a temperature gradient outside the sleeve?

If not, why use a spent fuel assembiy?

There is :0 reference or backup information given to
substantiate the statement “Sufficient air quantities
will be provided to support the mining and storage
operations as well as to remove fission gases that might
escape from unsealed storage rooms". Uranium mining
experience indicated adequate ventilation can be diffi-
cult to provide.

The plans for retrieval have not addressed the problem
of radiation protection.

Have the contamination limits been established, and

what is "an acceptable level™? The potential contamina-
tion problem for "retrieval after backfilling" could

be extremely troublesome. More information on personnel
exposure control and contamination 1imits should be
provided. Where will the radiocactive waste and contami-
nated salt be taken?

The DEIS stated that the site might be used after decom-
missioning as an industrial site. No scenarios cover
this possibiltity of future use.

The DEIS stated that the results obtained so far give
the DOE confidence that newly developed plugging methods
will be available in decommissioning the repository.
What are the references?
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RADIOLOGICAL IMPACTS OQF THE REPQOSITORY
{DEIS Chapter 9)

Major Conclusions

Operat ~nal Releases

1)

3)

4)

5)

6)

Atmospheric dispersion coefficients were caTéu]ated by EEG,
checked with those listed in the DE!S and found to be in
agreement. However, the DEIS did not use a consistent
approach in calculating those coefficients for operational

releases of radiocactivity, air quality emissions and transporta-
tion accidents.

EEG obtained close agreement with the DEIS inhalation dose
calculations from both normal and accidental releases to an
individual at the James Ranch. Consideration should be given
to inhalation doses received by transient people in Zones II,
111 and IV and to potential residents near the northwest site
boundary.

The detailed assumptions used in evaluating accident scenarios
may underestimate the amounts of radioactivity that could
be released.

An accident scenario involving a methane gas pocket should be
considered. '

The assumption that contaminated food will be taken out of
distribution has not always been possible or necessary.

The Chapter 9 assumption that exhaust air from underground

waste handling and storage areas passes through HEPA filters is
inconsistent with statements in Chapter 8. Since the absence of
filters can result in a substantial increase in doses from
particulate radioactivity, it is important to clarify this point.
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Occupational radiation exposure has not been evaluated by EEG
because of lack of necessary data in the DEIS. More informa-

tion

is needed on waste operations, the enviranmentsal control

systems, and the health physics program. It is anticipated

that this information will be provided in the Preliminary
Safety Analysis Report.

Long Term Releases

1)

EEG has identified a number of repository breach scenarios

which also should be considered and evaluated in the final
DEIS:

a)

b)

c)

d)

EEG

well water becomes contaminated and is used for irrigation
or stock vatering;

gas, generatéd by organic decomposition of the waste, acts
as a driving mechanism in bringing waste to the surface;

a connection develops between the repository, a hiagh pressure __

brine reservoir and the surface;

solution mining for salt takes place.

has checked many of the DEIS dose calculations for the

long term release scenarios considered, and the EEG and DEIS
results are in agreement. Since the hydrologic parameters on

which these dose estimates are hased can vary by several orders
of magnitude, the effect of parameter variation on dose estimates
should be evaluated.

Unacceptably high radiation doses could occur to well drillers
from a scenario 5 type incident. Control measures should be

considered to prevent such an event.

-71-




Operational Releases

Atmospheric Dispersion Copefficients

Several key x/Q values were calculated by a simpiified hand
calculation (see Appendix V for details) and compared with those
used in the DEIS. The EEG model differed somewhat from the
MESODIF Code used in the DEIS in not allowing the plume to be
blown back over the source to contribute on a "second pass”.

The values calculated for the long term average x/Q were lower
than those used in the DEIS by factors of 3.3 to 4.4 {(Table H-36).
Lower values would be expected in the prevailing downwind direc-
tion from the model difference, although the magnitude of the
difference cannot be estimated from the data available. Values
calculated for the one-hour frequency (X/Q)S% and (X/Q)SO% (H-
Annex 1, Table 21) varied from 1.0-4.1 times those in the DEIS
with agreement being best at 0.5 miles. EEG concluded that the
short-term and long-term x/Q values used for the site are
reasonable.

The DEIS analysis did not use atmospheric dispersion coefficients
to compute annual concentrations for non-radiological air pollu-

tants other than a 24-hour value for particulates. In this case,
another equation was used and an effective (x/Q)24 hrs. of 2.1 x

10'6 s/m3 was obtained. This is to be compared to a (X/Q)50% of

about 15 x 10'6 s/m3 (H~Annex 1, Table 21) and an annual average

of 5.9 «x 10°9 s/m3 (in downwind maximum sector from Table H-36).

This calculation is inconsistent with that for site radionuclide

releases.

S1ightly different dispersion coefficients were used in the DEIS

to compute doses from transportation accidents and an elevated
release was assumed. This assumption produces lower dose estimates
and is consequently less conservative than assuming a surface
release. The DEIS did not explain its procedures for determining
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that 0.5 miles from an accident was the maximum concentration,
EEG made this calculation and was in general agreement when the
same assumptions were used. However, it was noted that concen-
trations were not negligible closer to the site and that if other
atmospheric stability categories were assumed the highest values
occurred closer than 0.5 miles.

Any inconsistencies in the use of atmospheric dispersion coeffi-
cients and assumptions (especially the rationale for assuming an
elevated release in transportation accidents that do not involve
fires, while assuming surface releases from the site) should be
explained in the final EIS.

Radiological Doses to the Public

The calculated doses (Table 9-18) received by an individual at
the James Ranch were checked using the releases from Table 8-6
(see Appendix VII)}. 1In all cases, the results agreed with the
DEIS within 20%. The doses are small and well below existing
standards that apply to other types of nuclear facilities. How-
ever, there are some uncertainties in the release fractions
assumed (see Chapter 8 discussion) and in the source term.

There is a question whether the maximum exposed individual would
necessarily be a resident of the James Ranch. If he were to
reside on private land 2.8 miles northwest of the center of the
site, he would receive an inhalation dose five times as great as
at the James Ranch. Also, individuals spending some time in Zones
IT, IIT and IV would be exposed to higher concentrations while on
the site. For example, average concentrations at 0.5 miles from
the site center would be 16-145 times those at the James Ranch.

The assumptions on living patterns in Table 9-17 appear reasonable

for the average person residing in each subsector. The calculation
of a maximum dose to an individual should consider a person with a
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family cow that provides over 1% of his milk, or a garden that
provides aver 10% of his vegetables, or cattle that provide over
50% of his meat. Additionally, there may be game killed on the
site and consumed by area residents. The final EIS should state
the assumptions and calculate the maximum ingestion dose to an
individual at both the James Ranch and at the northwest boundary.
The inhalation doses should be listed separately from the inges-
tion doses.

Environmental Effects of Accidents During Operations

The operational accident scenarios evaluated in the DEIS (Table
9-21, pp. 9-45 to 9-48) appear to be fairly complete. However,
it appears that the DEIS may underestimate the duration of fires,
the number of containers involved and the clean-up time involved.
An operational scenario not addressed was that of encountering

a methane gas pocket during the mining operations resulting in

an underground explosion invoIving multiple drums and/or boxes

or spent fuel canisters. EEG recommends that such a severe oper-
ational accident be investigated by DOE in the final EIS.

Where referenced, estimates of release fractions (pp. 9-49 and
9-50) have been reviewed and in some cases the values used in

the DEIS may be questioned. For example, it is stated (9-49;5)
that Shefelbine supports a conservative assumption that 10% of
the waste is in powder form and that 25% of the waste is combus-
tible (Ref. 1). 1In reviewing the Shefelbine report, no mention
of powder was found. The 10% powder figure might be deduced from
the data indirectly. Shefelbine does reference Dieckhoner {1978)
as the source of the information that 25% of the waste is combus-
tible. 1In fact, Shefelbine states that "this data should be

used with caution because there seems to be a consensus that, in
spite of regulations, considerable mixing of combustiblies and
non-combustibles occurred in the past"” (Ref. 1, p. 25}. The
presence of combustibles directly affects the severity of a postu-
lated fire. Jﬁ;f”"
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A second example concerns the percentage of activity which is
released and respirabie during accidents. It was stated that 1%
was used as an intermediate value based on Mishima and Schwendiman
{Ref. 2, 3). Mishima and Schwendiman described that as much as

1% of the plutonium was airborne during the combustion of flam-
mahle contaminated materials (Ref. 2, p.6). They also found

that 10-40% of uranium oxide became airborne after being mixed
with combustible material and ignited. Uranium oxide was used

to simulate plutonium in these experiments.

In the spent fuel accident, a gap activity of 30% of the gaseous
activity (H-3, Kr-85, I-129) was chosen. Although there is little
information in the literature on the gap activity of fuel assem-
blies older than 10 years, gap activities as high as 45% have been
observed (Ref.- 4). _Also, the quantity of Carbon-14 released was
ignored.

The computer code AIRDOS-II was used in the DEIS to calculate
resulting doses and dose commitments. It traces each nuclide

from the point of release through the biosphere to man. AIRDOS-

IT is listed with the U.S. Department of Energy Radiation Shielding
Information Center and has been tested and evaluated by this

group prior to distribution for general use. Hand calculations

by EEG using the DEIS assumptions and standard formulas gave
results which generally agreed with those reported in the DEIS.

The assumed distribution of radionuclides released to the environ-
ment during operational accidents is sometimes different than

the assumed releases from transportation accidents. For example,
the RH-TRU waste railroad accident inveolving impact and fire
considers only the release of cesium-137. The surface fire at

the facility (Accident R-11) has cesium-137 as less than 1% of

the total release. It is recommended that a consistent release
fraction be used in calculations throughout the final EIS.
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AIRDOS-II considers only the inhalation and external pathways
of exposure. In some situations (such as surface runoff) the
water pathway could be significant and should be considered.
The assumption that contaminated food will be taken out of dis-
tribution has not always been possible or necessary. Existing
Federal Protective Action Guides do not recommend removal of
food or milk from commerce unless the projected dose commitment
is 5 rem to the whole body or 15 rem to the thyroid.

Using the releases and the atmospheric disbersion coefficients
(x/Q) for accident scenario C-7 described in the DEIS, EEG

calculated doses for a person living at the James Ranch., The
results agreed with those given in Table 9-25 of the DEIS and
are shown on the following Table 10.

Table 10

Dose Estimates at the James Ranch from Accident C7

Refzrence ¥x/Q X/% 50 yr. Bone Oose Commitment (re
Type (s/m~) EEG EIS :
-5 -9 -9
Table 21 50% 0.58 x 10 7.4 x 10 5.5 x 10
p. 26 one-hour
frequency
-6 -10
Table H-36 Annual 0.62 x 10 7.9 x 10
po H"sg
-4 -8
Table 21 5% 0.568 x 10 7.2 x 10
p. 26
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EEG also calculated doses from the spent fuel hoist drop
accident scenario (R15) using the assumptions of the DEIS.
The results, presented in Table 11, are in agreement with the
CEIS calculations. The only question raised concerned the
assumptions of release fractions for various accidents. The
margin of error in the assumptions 15 not well known and EEG
recommends that the basis of the assumptions be discussed in
the final EIS.

The Chapter 9 assumption that exhaust air from underground waste
handling and storage areas passes through HEPA filters is incon-
sistent with statements in Chapter 8.

Occupational Radiation Exposure

Qccupational radiation exposure at WIPP is schedulied to be
covered in the Preliminary Safety Analysis Report (PSAR). There-
fore, no attempt will be made to evaluate it here. The following
are examples of the kind of information needed to adequately
evaluate occupational exposure:

1) The analysis should consider estimates of maximum individual
doses, the expected distribution of doses among workers, and
the population dose to the entire work force. An evaluation
should be made of whether these doses are as low as reasonably
achievable (ALARA).

2) Additional information will be needed on the environmental
control systems, other physical facilities, and pertinent
equipment, both above and below ground, so that the reason-
ableness of projected doses can be evaluated. More data are
needed on the actual radiation levels (average and range)}
that workers will be exposed to from remote handled TRU
waste, spent fuel assemblies and on the high level waste
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Table 11

Operational Accident Scenario R-15

Hoist Drop - Spent Fuel

- 6 hr., Release

Nuclide 50 year Dose Committment (rem) .
Bone Lung Whole Body Skin Thyroid
H-3 9.54 x 10°°  7.66 x 107 0.77 x 107
Kr-85 2.52 x 1078 7.06 x 107
Sr-90 7.43 x 107 2,78 x 1078 0.46 x 1076
Ru-106 5.97 x 10712
1-129 0.02 x 107° 0.06 x 1078 4.82 x 107°
Cs-134 2,14x 10710
Cs-137 3.96 x 1070
Pm-147 7.65 x 10712 2.4 x 10713
Eu-154 8.22 x 10°11 1.4 x 10712
Np-~237 5.89 x 1072 1.0 x 10714
Pu-~238 8.53 x 10 1.0 x 10719
Py-239 .06 x 1078 5.5 x 107
Pu-240 1.66 x 10°° .75 x 1071
Py-24] 1.49 x 1070 1.06 x 1071
Pu-242 2.48 x 10713
An-241 1.59 x 1078 2,87 x 1071
An-242m
An-243 2.2 x 10719
Cm-243 3.91 x 107V
Cn-284 1.29 x 1072
Totals 7.58 x10°  1.2x10°  s.28x10% 7.0 x10° 5.59 x 1078
DEIS Totals*
gﬁlﬁt Fuel 8.7x10°% 1 x10°  g3x10®  22x10% 32x100

*Table 9-25, page 9-56
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experiments {including retrieval operations). Also, it will
be necessary to describe the management organization
{inciuding health physics activities) that will be used to
operate the facility and provide health and safety control.

Long-Term Releases

Five repository breach "scenarios" were ana]yzed'in the DEIS
(section 9.5.1). Scenarios 1-4 all resulted in dissolution of
the waste, passage of the waste into the Rustler aquifer, and
passage through the aquifer into the Pecos River. Scenario 5
involved direct access by drilling.

Dose Calcutation Methodology

The radionuclide concentrations and resultant radiation doses
reported in the DEIS were obtained by using large computer codes.
EEG was able to check many of these computer calculations by
hand. To check results of the hydrologic model used to describe
nuclide transport in the liquid breach scenarios 1-4, EEG used a
simpler model. To check dose calculations, EEG used standard
formulas and conversion factors. The calculations are discussed
in Appendices VI and VII, and the results compared with those in
the DEIS. In its calculations, EEG used the hydrologic parameters,
radionuclide inventory, and scenario descriptions in the DEIS.
The EEG and DEIS results agree closely.

While these calculation checks tend to support the validity of
the methods employed in the DEIS to calculate nuclide concentra-
tions, ingestion doses and external gamma radiation doses, they
do not provide checks on the validity of the assumptions used or
the appropriateness of the situations analyzed.

-79-




Parameter Values

One must consider the key parameters that lead to the nuclide
concentrations and ingestion doses calculated. They include the
distribution coefficients (Kd) values which are responsiblie for
holding back such nuclides as plutonium, neptunium and thorium,
as well as the basic driving parameter, v, the assumed ground-
water flow velocity. The last quantity depends on hydraulic
conductivity, porosity and hydraulic gradient. A1l of these
parameters have large uncertainties associated with them because
of natural varijation and difficulties in measurement. Both Ky
values and hydraulic conductivities can vary by several orders
of magnitude. A thorough review of these uncertainties and of
their impact on radiation doses must be made, and should be
included in the final EIS.

EEG has done some calculations relevant to the effect of varia-
tions in Kd and hydraulic conductivity values and they appear in
Appendix VII.

Flow Paths

AT1 of the hydrologic breach scenarios assumed a flow along the
Rustler aquifer and release at the Malaga Bend of the Pecos River.
However, the interface between the Rustler and Salado formations
is exposed at Nash Draw. A spring at the north edge of Laguna
Grande de la Sal is fed by water from the Rustler aquifers. The
calculated hydraulic potentials for the Rustler formation (Figure
K-5, p. k-13) indicate that the shortest release path is 15 miles
from WIPP to Malaga Bend. However, the measured hydraulic poten-
tial contours in the Rustler formation (Figure K-3, p. K-12)
indicate that the shortest flow path is 9 miles to Laguna Grande
de la Sal. The dosage calculations should take this shorter path
into consideration.
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Scenariao 5

Dose estimates in the DEIS for both external radiation to a drill
crew member (Table 9-47) and inhalation to a resident (Tables 9-48
and 9-49) were checked using the assumptions in the DEIS {see
Appendix VII). EEG calculated a dose of 71 rem to a drill crew-
member, compared to ~90 rem in the DEIS. In either case the dose
is high enough to warrant serious consideration of control mea-
sures to prevent such an occurrence.

Aiternate Scenarios

It is not clear that the scenarios used in the DEIS are indeed

upper 1imits or bounding cases. EEG has identified a number of

scenarios which also should be considered in the final EIS:

1) well water becomes contaminated and is used for irrigation
or stock watering;

2) gas, generated by organic decomposition of the waste, acts
a¢ a driving mechanism in bringing waste to the surface;

3) a connection develops between the repository, a high pressure
brine reservoir and the surface; and

4) solution mining for salt takes place.

The April 1979 Draft Environmental Impact Statement, Management
of Commercially Generated Radioactive Waste (DOE/EIS-0046D)
discussed solution mining for salt as the most likely of several
repository breach scenarios. The main pathway of exposure was
considered to be ingestion of contaminated salt. The presence
of salt contaminated with radioactive materials was not expected
to go undetected for long, due to quality control checks. The
DOE assumed the contamination went undetected for one year, and
obtained radiation doses orders of magnitude higher than those

obtained for the scenarios considered in the WIPP DEIS.
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Detailed Comments

9-4
Table 9-2

9-26
Table 9-13

9-33
Fig. 9-3

9-33:4

9-34
Fig. 9-4

8-37;2-4

The construction equipment noise levels given in
Table 9-2 are achievable but will require proper
equipment and noise control procedures to obtain.

The Department of Housing and Urban Development
Criteria for Noise Assessment given in Table 9-13
were revised in 1979 and those should be listed
in the final EIS.

The schematic diagram (Fig. 9-3) shows only the air
pathway of exposure. Surface runoff from contaminated
surface areas, wildlife contamination from surface
lagoon, and ingestion of drinking water are not dis-
cussed. Although these pathways may not be the
primary ones, they should be considered.

Each wedge of the study area was divided into 10
subsectors, not 14 as stated.

According to page H-6, Figure H-1 and page H-8, Table
H-4, the population size of 50 would not be within
the 5 mile or 10 mile radius. There also appears to
be some discrepancy with some of the other numbers.
For example, the population of 230 given within the
10 mile radius in the WNW direction does not agree
with the numbers given in Appendix H. Do the numbers

~include workers at potash mills?

The DOE Draft Enviroﬁmenta1 Impact Statement, Manage-
ment of Commercially Generated Radiocactive Waste
(Ref. 6) consistently used a 70 year dose commitment
instead of the 50 year dose commitment used in the
WIPP DEIS. The 70 year dose commitment seems most
appropriate when discussing population dose commitments.
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9-37:6

G-38
Tables
9-18,

9-19

Would one expect the dose from krypton to be about
25% of the total from spent fuel when one considers
the whole body, lungs and bone? The krypton irradi-
ation involves primarily submersion in the gas
because 1ittle of the krypton will circulate in the
blood and therefore irradiate bone.

It should be indicsted whether the tritium that seems
to be included in the spent fuel group is a gaseous
molecule or incorporated in a water molecule., If the
tritium is a diatomic molecule, then the dose is
received only from immersion, but if it is a part of
a water molecule, then it has an effective half 1ife
of about 12 days (indicated in ICRP II, or in ICRP
Publication 10). Since the values indicate similar
doses for bone, lungs and whole body, one must assume
that the calculations were for tritium incorporated
in a water molecule. In this case, the values given
are for dose equivalent and not dose equivalent commit-
ment.

It is not clear what nuclides are contained within
"structural materials, fission products, actinides,
and spent-fuel". One can assume that the actinides
are specified in Table 8-6, page 8-30; however, it is
not clear how one separates the structural material,
fission products and spent-fuel,

EEG questions the comparison of dose commitment and

50 year dose equivalent from natural background in
assessing the acceptability of such releases.
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9-38 A dose calculation was made from the actinides
(largest dose contributor) using Pu-239 as the
primary isotope and agreement with Table 9-18 was
obtained when the information in Table 8-6, page
8-30, was used as the source term.

9-40 The surface dose rate should be 10mrem/hour not

Table 9-20 per year, The 1900 mrem/year should be subjected
to the "as low as reasonable achievable" (ALARA)
principle.

9-40;1 The statement was made that the radiation dose to
workers on the RH waste portion has not been computed.
This type of waste is perhaps the source of highest
individual exposures and should be carefully monitored.

9-42:5 The information for the environmental control for the
rock pile is inadequate.

9-51;7 The use of filters on exhaust air from the underground
storage areas to the atmosphere can reduce the radio-
active concentration of particulates by a factor of
105. It is unclear from the following two statements
whether the storage room air is actually filtered:

(1) page 8-29, Table 8-5, footnote a - "Except for
" underground operations, effluent treatment is
provided by filters in the ventillation system
(decontamination factor = 106)".

(2) page 8-33;4 - "Airborne surface activity in the

underground storage area will be released to the
atmosphere unfiltered".
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Operational Accident Scenarios C13 and C22 both use
106 decontamination factor for the HEPA filters.

9-53 The DEIS used different distributions of radionuclides
Table 9-24 released to the environment in transportation accidents

and operational accidents involving RH-TRU canisters.

9-54;3 The DEIS assumed 30% of the Kr-85, H-3 and I-129 present
in the fuel cladding gap were available for release.
NUREG-0404 assumed that 10% of the Kr-85 and 1% of
the I-129 present is in the fuel cladding gap and
available for release (ref. 9, p. 4-19). A General
Electric document {ref. 4) predicted that fission gas
release fractions range from 20 to 45%. This report
further quotes studies which report 3% of iodine found
in the gas plenum and is available for release. The
45% for Krypton is somewhat higher than the 30% pre-
dicted by the Reactor Safety Study (ref. 8) used in
the DEIS. The General Electric figures of 20 - 45%
are also higher than ref. 2 results of 10% release of
Kr-85 and 1% of 1-129. The doses and dose commitments
are directly proportional to the release fractions
chosen for the calculations, and the DEIS value of 30%
appears reasonable,.

Why is the 50 percentile x/Q used for the accidents?
Would the 5 percentile value be more reasonable?

The (x/Q) 5% in NW downwind sector is approximately
16 times the (x/Q) 50% in SSW sector used in the DEIS.

9-56;1 A1l calculated doses appear to be adult doses. Were

the doses to infants, children and teenagers con-
sidered in the computer programs used?
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g-56 One should not compare the radiation receijved from

9-57 natural background over 50 years with doses that
gccur gver shorter tinmes (e.g. tritium and [-129).
9-107;3 Haw was the pressure difference of 7.5 psi obtained?

How reliable is that pressure difference? See EEG's
question in the GCR review (Appendix III) on the
reliability of the head data in the Delaware Mountain
Group aquifer,

9-108 In the flow calculations for scenario 1, what value of
transmissivity was used for the DMG? Was it 50 ft.zlday?
How reliable is the value?

In the flow calculations for scenario 2, what was the
basis for the assumption that the wellbore has a
hydraulic conductivity K = 50 ft./day?

9-112:5 Should this reference be to figure K-5 rather than
K-67

WO O
R R
——

4, Table 9-45 is inconsistent with Table 9-46. The trans-

3 port rates given for 1-129, Ra-226, and U-235 in
scenario 2 (with the upper transmissivity assumption),
do not agree.

Table 9-45 Table 9-46
1-129, g/yr 2.6 x 10 3.3 x 107!
1-129, Ci/yr 4.5 x 1073 5.8 x 10'5
Ra-226, g/yr 2.0 x 10714 2.9 x 1077
Ra-226, Ci/yr 2.0 x 10”14 2.9 x 1077
U-235, g/yr 2.9 x 10 2.2 x 10
U-235, Ci/yr 6.2 x 1077 4.8 x 10°°
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9-153
Table 9-53

The graphs appear to be incorrectly plotted. For
example, in Figure 9-15 the maximum concentration of
3.1 x 1078 should be plotted at between .5 and .6
of the distance from 1 towards 107 °. Tables would

provide a more accurate presentation.

The graphs terminate while the dose rate is stiill
rising in Figure 3-16 a, d, and f. The final EIS
shouid show the maximum dose rates and when they will
gccur.

EEG agrees that the generation of gas from organic
material in the radiocactive waste can be important

for both transportation accident and long-term storage,
and the question posed in the DEIS of the gas generation
effects upon the repository must be resolved. Large
amounts of gas could be generated. Pressures exceed
Tithostatic pressure (9-136}, i.e. 2000 psi.

These large pressures could cause fracturing of the
overlying rocks and would possibly release gas with
radioactive contaminants directly to the atmosphere
through fractures or through a well drilled into the
repository.

Will the brine migration induced by heat-emitting
radionuclides cause difficulty in retrieval of sources?

The probability of fire is assumed to be 10°° and of

a dropped container, 1072, The reasoning behind
these numbers should be in the EIS.
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9-154 What is the expected distribution of annual dose’
equivalents received by the radiation workers
retrieving stored waste?

9-157 The ratio of population doses to maximally exposed
persons is constant in Table 9-55, except for the
whole body dose. Why?
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£ wk}
ADDITIONAL DOSE ESTIMATES o -‘?jfa

The following lists additional dosage estimates that should be
considered in the final EIS.

Long Term

1) Build-up in the environment from radionuclides in water
removed from the Pecos River for irrigation, "incorporated into
soil and plants, and cycled in food and man over long periods
of time.

(General Population)

2) Generate dosage estimates using the DOE generic Waste Isolation
Safety Assessment Program (WISAP) model currently under develop-
ment by the Battelle Northwest Laboratories.

(General Population)

3) A connection is made between the Delaware Mountain Group aquifer,
the repository and the surface.
(Genera) Population)

4) A connection is made between the repository, a high pressure
_ brine reservoir and the surface.

5) Effects of high pressure gas formation on the release of radio-
nuclides to the environment.
(General Population)

Transportation

1) Radiation exposure from acts of sabotage in the transportation of
radioactive waste materials. .The amounts of radioactive mater-
jal released could be greater than those released in accidents.

(General Population, Occupational)

2) Radiation exposure to emergency workers such as police and firemen
following a transportation accident,
(Occupational)
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7)

8)

Exposure to a person in an automobile stopped next to a radio-
active waste truck at a red 1ight or in a highway traffic jam,
{Genesral Population)

Exposures from shipments of retrieved radicactive wastes
following the compietion of high level waste experiments.
Containers could be bent, damaged or under pressure from
gas generated by decomposed organic material.
(Occupational, General Population}

Contamination of a water supply or crops following an airborne
release.
{General Population)

Potential radiation exposure from transportation of material
resulting from decommissioning and dismantling of weapons pro-
duction facilities. While the DEIS assumes that none of the 5
to 95 million cubic feet of material will be shipped to WIPP,
it notes that the WIPP will have the capacity to receive some
of the TRU waste (2-22;2).

(Occupational, General Population)

Calculation of individual doses as well as population doses.
(Occupational, General Population)

Consideration of a diffuse source of radicactivity rather than
a point source.

Construction and Operaticn

1)

Radon-222 from the mined salt and from the walls of the under-
ground repository.
(Occupational, General Population)

Radiation exposure from decommissioning and dismantling of
the above ground facility.
(Occupational)
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7)

T

Pressurized brine breaches the mine, damages containers and flows
up the shaft to the surface.
(Occupational, General Population)

A methane gas pocket leaks into mine and explodes.

%
4
s *;/
Acts of sabotage at surface processing facility. S wﬂﬁ
(Occupational, General Population)

On-site exposure,
(General Population)

Ingestion doses from operational releases at the site.
(General Population)

Mineral Extraction

1)

2)

3)

Radiation exposure to workers who may bring minerals to the
surface (0i1 drilling, solution mining) and te the public using
the products.

(Occupational, Reneral Population)

Exposure from burning natural gas obtained from formations below
the site. Radioactive waste material could move downward as
pressure is decreased with the removal of gas.

{General Population)

Exposure to people who may use well water from the Culebra,
Magenta, or Santa Rosa sandstone aquifers contaminated with
radionuclides.

{General Population)
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APPENDIX I

Radiocactivity Inventory Calculations

Tables 2-5 in the Inventory of Radioactivity section were prepared
as follows:

Volume estimates (cu. ft.),Table 5, were calculated to equal:

new waste

backlog :
of waste, i? X Ezodggt;o:,
cu.ft. yr- ? AR

where backlog and new production volumes were taken from Table 6-2
for CH waste and Table 6-6 for RH waste.

Total repository CH and RH-TRU activities (Curies), Table 3,

were obtained by adding total box, drum and RH-TRU canister activities,
without considering decay or ingrowth. The total activity of a

given nuclide in a given type of container was calculated as:

{curies per container) x (total cu. ft. of waste in containers
(cu. ft. per container)

where the container activities were taken from Table E-1 (drums),
E-2 (boxes) and E-3 (RH canisters); single container volumes were
taken from Table 6-3 and 6-5; and total waste volumes in given types
of containers were taken from Table 5 of this review.

Shipment activities (Curies), Tables 3 and 4, were obtained by multiplying
activities per container (Tables E-1, E-2, E-3) by the number of
containers in a shipment (Tables 6-3, 6-5).

The total repository actinide inventory (Curies), Table 2, which
includes the effects of decay and ingrowth, after 30 years of re-
pository operation, was calculated as follows. The Plutonium-239
and 240 inventories are not affected by decay over a 30 year period,
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and these activities are found by adding the CH and RM-TRU activities
given in Table 3. Plutonium-238 and 241 have half-lives of 88 and

13 years, respectively, and so these inventories decay significantly
in 30 years. The activity after 30 years, A(30), is found from:

(1 _ e~x(30))

where A is the nuclide decay constant, A{(Q) is the nuclide activity
in the waste backiog, and C is the activity in the new waste
produced each year.

-2 (30)

A{30) = A{Q)e +

o

Americium-241 is affected by both decay and ingrowth (from Plutonium-
241) in a 30 year period. The final inventory was estimated by
adding the total Tabie 3 Americium-24) inventory to the ingrowth
term:

13 Pu<241 activity in Table 3 (without decay)
260 ~ Pu-241 activity in Table 2 (with decay)

where 13/460 is the ratio of the Pu-241 and Am-241 half-lives.

Then this undecayed total was multiplied by a 30-year Am-241 decay
factor of .96. This method underestimates slightly the amount of

Am-241, since it assumes that all of the Am-241 {from the 30 year
repository inventery and from the decay of Pu-241) has been present
for the full 30 years.

A more complete discussion of decay and ingrowth estimates is
inciuded in Appendix VI.
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APPENDIX II

TRANSPORTATION CALCULATIONS
(Chapter 6)

To Develop An Expression For Dose To A Person

At Point P From A Moving Source

(1) Dose at Point P = IDr dt N
where D = dose (rads} 250
D, = dose rate (rads/h) Moving
Source
t = time (h)
Joo & oo
(?) D = D‘,,E r.2 e dt

where D‘,6 = dose rate at 6 feet

r = distance (feet)

¥ = linear absorption coefficient (feet'1)
Now s = (r2 - ><_2)!5 . Thus:

(3) v = ds . 1 (r2 - )(2)';5 Zr%% ;

substituting (3) for dt into (2):
. |
D=fn 5. e rdr
r6 r‘2 5 2. %
virt- x%}
To evaluate the integral

j‘ dr s
2 2)%

r(rc-x




-

iie following change of variable is made:

E = sec B
r = xsec B
dr = xsec 8 tan 86 d ©
2 2k
tan g = (_t.__x_x_).
8 =0
(S)Lf;sec 8 tan 8 d 8 _ de . 7
xsec @ x tan @ X 2x
@=1m/2
Therefore,
D = Dr6' 36 w2
vV 2X -
for both sides of M &}
Dose to a Person at Point P = Upg 36T
vV X

To Calculate Total Man Rem Dose to People

d
Dose = 2 (P.D.)L D 361 dx
(Man-Rem) Miﬁy ré

v X

Dose = 2 (P.D.JL D 381 In (d/min)

r&
v
where
P.D. = population density (people/miz)
L = length of shipment path (miles)
= velocity (mile/hour)
d = distance to people (miles)
min = minimum distance (miles)
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correcting for different population densities in urban (u),
suburban (s) and rural (r) and velocities and using format of
NUREG 0170, p. D-6, Ref. 4 and RADTRAN P. 19, Ref. 3.

pop. dens. _ rr S s u u
V y * 5 + 7 (fo + ].636f])

incorporating PPS Packages per shipment

SPY = Shipments per year

L = Distance of Shipment (miles)
TI = Transport Index (mr/h)

K = Dose Rate at Distance d

k = Ko (TI)

Dose = (TI)(Ko){PPS)(SPY)(L)m In(d/min) x

£.PD £ PD £ PD
X rv L+ + 4% (f, + 1.636f)
r S u

To Develop An Expression For Dose To a Population During Shipment
Stops.

Fixed
Source c———— — -
Dose = ~rDr dt AnnUIUSéZHrdr
JNZHrdr e " B(r)
= Ko(TI)AT(Pop. Dens.) r2

d —ur
Ko(TI)AT(Pop.Dens) j 2lle " B(r) dr

X



Evaluating the integral

r=d
-ur
f e T BLr) dr . g (d/x)-Tn(d-x)-(ut) 2 (ur) B (ur) @
) r 22! 331 44!
r=x
= 3.845

u

" (Q])Ko(TI)(Shipments/y)'}{fr(PD)r + ATS PDs + ATu PD

To Develop An Expression for Dose To Crew

Dose = Dr At
-ud
. : "% B(d)
Ko(TI)S Nc d2 Atshipment
where Nc = Number in crew
d = Average distance to crew (feet)
FM = Distance/shipment (miles
At = Average time for shipment (hours)
S = Shipments/year
st =t L T, fuf e
Vi Vs Vu
Dose = Ko(TI)S N_ eHd B(d) jg + ig + ig
Yr Vg vu




Accident Calculations

Inhalation Dose

ing = Xiww X Cowg

ci/ (rem/uCi inhaled) EIS App. G-5
pCi

External v Dose

oCi/\ (rem-cm3/uci-hr) EIS App. G-5
cm3
Immersion Dosel
R -ATt
D . = K, . t/1 - e
wimm wWimm d—(—-—'—"r-) Cwimm
2 {(rem cm3/uCi—hr.)
Rt = surface dep. pCi/cm™-sec
EIS App. 6-6
Dwimm = water immersion dose
d = depth of water
At = effective A
't = build up in water

Atmospheric Dispersion

UYsing Gaussian Plume Dispersion for Ground Level Concentrations,
EIS G-1 Equation of Pasquill Reduces to

JZl (_ﬂ{ﬂ
x = —4 42T EIS p. G-3

Hcydz U
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X = oCi/m®

Ty = horiz. dispersion coef.
T2 = vyert. dispersion coef,.
H = effective ht. of plume
Q = emission rate (pCi/sec)
AIRDOS-11I

(FORTRAN on CDC 6600)

To Calculate Curies (Release)

(m)

(m)

Q = ("i) (RF) (AER)
(Ci/ - - {Fraction
shipment) as Aerosol)
{Fraction
Released)

NUREG 0170 Vol. 1 G-}

(RESP) (E) {DF)

{(Particle Size

Dust Factor)
{Fraction (Dilution
Respirable Factor)
in Aerosol)




Radicactivity Released in Transportation Accidents

Fraction
Type Fraction Released Fraction
of Common Released to Fraction Entrained fraction Amt of

Accident Assumptions Source From Drum Environment in Air in Air Respirable Radioactivity
Raf} Pasquill 1 Flat Bed Car 50% in 101 10% 1.4% 62% See Inventory of
CH-TRU Stability 3 Type B Packages Drums Radioactivity

Factor=F 42 Drums/Package Released to

126 Drums | Tockages
63 6.3 .64 Drum .0090 .005%5 Drum
Truck Wind Speed = 1 truck 50% 10% 25% ] --------4 Gl | R see Inventory of
CH-TRU 1 m/sec 42 Drums Radicactivity
42 Drums 21 2.1 .5 .0065 Drum

Rail Inversion 1 Flat Bed Car 1% 10% 01 Ci
RH-TRU Layer = 5 Canisters {Only €s-137

1000 m Volatile

fission

Release products})

Height =

20m
Rail 1 Cask 30% Kr-85 100% Kr-85 7800 Ci
Spent 10 Canister/cask 1% Cs 10% Cs Kr-85
Fuel ! 440 Ci

volatile f/p



ST -

Transportation X/Q Factors

at 0.5 mi, F condition
p= 1 m/sec, K = 20

p. G-3 X 1 ¢ ‘”2(—)“3
T oo z
Hd&‘iu

€2= .016d(1 + .003d)" ! = .016(805)[1 + (3-4)(8+2)] = 10.3¢

y= .00d(1 + .001d) /2 = 32.2[1 + .08l /% = 31.0

20 |2
X_ -1 - e-1/2(357) i )
9 T(10.4)(371.0J(1) = 9.9-4(.158) = 1.6 -4

As comparison:

Worst annual at 0.5 mi = 9.0 - 5 (Table H-36) 10 x lower
(x/Q)5% for 1 hour, 0.5 mi = 4.3 - 4 (Table 21, App. H)
3 x higher (X/Q) max for 1 hour, 0.5 mi = 1.1 - 3

The X/Q for gound level release is between 5% and max one-hour
X/Q so is conservative enough. Justification for using effective
height of 20m is not obvious.

Also, can't check whether X max at 1/2 mile is correct.
See additional comments on X/Q in Chapter 8.
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FOREWORD

The purpose of the Environmental Evaluation Group (EEG) is to
conduct an independent technical evaluation of the potential
radiation exposure to people from the proposed Federal radio-
active Waste Isolation Pilot Plant (WIPP) near Carlsbad, in

order to protect the public health and safety and ensure that
there is no environmental degradation. The EEG is part of the
Environmental Improvement Division, a component of the New Mexico
Health and Environment Department - the agency charged with the
primary responsibility for protecting the health of the citizens
of New Mexico.

The Group is neither a proponent nor an opponent of WIPP.

Analyses are conducted of reports issued by the U.S. Department
of Energy (DOE) and its contractors, other Federal agencies and
other organizations, as they relate to the potential health,
safety and environmental impacts from WIPP.

The project is funded entirely by the U.S. Department of Energy
through Contract DE-AC04-79AL10752 with the New Mexico Health

and Environment Department,.

Robert H. Neill
Director



INTRQDUCTION

The purpose of this document is to review and evaluate the
scientific information contained in the Geological Characteriza-
tion Report, Waste Isolation Pilot Plant (WIPP) Site, Southeastern
New Mexico, SAND 78-1596, Volume I and 1], December, 1978, (herein
referred to as the GCR), and its supporting references, as it
pertains to the environmental, health and safety aspects of the
radioactive waste repository proposed near Carlsbad, New Mexico.

These evaluations and interpretations are based on reviews by the
Environmental Evaluation Group (EEG) staff and several consultants
with expertise on geological aspects of the site. EEG also con-
vened iwo technical meetings to explore some topics of particular
concern,

The review focused on some major concerns regarding areas in
which more data or more detailed analysis appeared necessary and
did not comment on those areas with which EEG agrees such as
Seismology, or on areas which fall cutside the scope of EEG'S
mission such as Resources. In this sense, the review may appear
negative in tone and does not acknowledge those areas that have
been thoroughly investigated by Sandia, and the U.S. Geological
Survey and other contractors of the U.S. Department of Energy.
It is recognized that additional data have been obtained since
August, 1978, which may answer some of the gquestions raised.

The review describes in detail the important geotechnical issues
on which there are questions or differences in interpretation
and comments on the technical basis for certain conciusions
presented in the GCR.,
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PRINCIPAL CONCERNS

The following geotechnical questions, each of which bears on the
short-term or long-term integrity of the site, are not resolved
by the August 1978 information in the GCR and its references.

DOE

is continuing to gather and analyze data relevant to these

features and processes,

What is the origin, evolution and occurrence of the high-
pressure brine-reservoirs which were encountered in the upper
part of the Castile formation in ERDA No. 6 and in at least

6 wellis within 9 miles of the site? (See Section 2).

What is the origin, evolution and occurrence of the "breccia
pipes" which have been encountered in the area? They may be
localized deep dissolution features which originate in the
lower portion of the evaporites and migrate upward. Such
localized dissolution features could now exist or develop
later beneath the proposed site (see Section 3).

What are the processes and rates of deep dissolution of
salt near the site? There may be a preferential removal of
the salt horizon which is proposed for the repository (see
Section 3).

What are the regional and site hydrologic conditions for the
aquifers above and below the evaporites? The hydrologic
informatior is necessary to assess any possible long-term
release of radicactive material from the repository (see
Section 5).

Additional information on geclogical phenomena will be required

by EEG in order to assess their significance in any potential

release of radioactive materials to the surface and any effect

on the health and safety of neonle and on the environment.



REVIEW OF GEOTECHMICAL ISSUES
1. Site Selection Procedures and Criteria

The following references suggested endorsement by different
agencies in the selection of sites for an underground
radicactive waste repository. Were they official recommenda-
tians by those agencies or were they made by individual

staff members?

a}) "...the USGS and ORNL selected the Permian Basin in
New Mexico as best satisfying their site selection guide-
lines." (2-5.1)*?

b) "In the opinion of both ORNL and USGS, the two core holes,
AEC 7 and 8,. indicated acceptable subsurface geology
at the ORNL site." (2-5.4)

¢) "On November 14, 1975, the USGS recommended an area about
seven miles southwest of the ORNL site for further
examination"? (2-7.1)

There are several instances in which criteria appear to have
been developed or altered to satisfy the condition of the
WIPP site. A failure of the proposed repository to meet a
given design criterion does not in itself mean there is a
hazard. It does identify or flag those areas that need to
be thoroughly analyzed to determine whether or not the con-
sequences of failure could result in radiation exposure to
people. The requirement (2-12.3) that the site be located
at least one miie from a borehole penetrating the Salado
formation was changed from two miles to one mile after the
site at the ERDA No. 6 borehole was discovered to be unacceptable.

*The notation (2-5.1) refers to Chapter 2, page 5, paragraph 1
of the GCR.



a) The GCR states that the studies of Snow and Chang (1973) and
Walters (1975) allowed a more quantitative judarent
on the question (2-6.2).

1) What specific results of these studies justify the
statement that "This buffer would assure more than
a quarter of a million years of isolation using very
conservative flow assumptions™?

2) How are the conditions of those studies pertinent
to the WIPP situation?

b} A report by Fader {1973) is also cited (2-12.3) as justifi-
cation of the one mile c¢riterion. However, this study
was based on field observations of surface subsidence
near abandoned wells in a Kansas salt bed and indicated
that borehole dissolution can develop very rapidly in
terms bf ge61ogic time. The area of surface subsidence
was found to be approximately 1000 feet in diameter after
about 31 years and subsidence of over 10 feet was observed.
In view of these other studies, are there any analyses to
substantiate the "quarter million years of isolation" and
justify the one-mile c¢riterion?

¢) Griswold (1977, p. 12) is also cited (2-12.3) as providing
justification for the one-mile criterion but Griswolid's
report only had a general statement that "This change,
which resulted from studies performed for CRNL on the
dissolutioning effects in boreholes, was made desirable
by the extensive deep gas-exploration drilling in the
Delaware Basin."

The ORNL criterion “no active mining within 5 miles (2-10.3)
was also changed to "minimize existing potash lease rights
in Zones I and II" (2-22.1).



The criterion that the site should be located one mile from a
dissolution front {(2-21) appears to be arbitrary in view of
the uncertainty of the mechanism and rates of dissolution.
According to Fig. 2-9, the dissolution front at the top of

the Salado is located slightly inside the western boundary

of Zone IV of the site. This would be about 1.8 miles west

of the boundary of Zone II, the Jimits of underground storage
in the proposed WIPP repository (4-39.1). How accurazely

is the location of the dissolution front and the rate of 6-8
miles ner million years known? '

2. Brine Reservoirs in the Evaporites

As noted on (2-11.2), an artesian brine flow was encountered
at the original site at ERDBA No. 6. Aspects of this brine
occurrence are discussed in several locations in the report
(e.g. 1-16.3, 1-31.4, 2-11.2, 4-67.3, 4-69.3, 6-19.4, 7-75.2,
7-90.1, 7-9§.3, 7-102.4, 8-5.1). This approach together

with some omissions has made it difficult to assess. The
ERDA No. 6 brine, accompanied by concentrations of Hz S

exceeding OSHA's standards for occupational exposure, was —_

encountered on the fiank of an extreme localized upthrusting
structure from the middle of the Castile; dips as high as
70° were seen in the core and the middle anhydrite unit
(A-11) has been displaced vertically by as much as 950 feet
{Anderson and Powers, 1978,p. 79). According to a report to
Sandia Laboratories [Tiab, 1977, p. 1]*, the well flowed at
662 barrels/day, but this data is not in the GCR, Tiab [1977,
p. 6] also reported that the volume of the reservoir at ERDA
No. 6 could be as large as 2 million barrels of water. The
GCR reports Griswold's estimate of 100,000 to 1 million
barrels in the discussion of lithium resources (2-5.1).

Seven wells have encountered brine reserveirs within a dis-
tance of 9 miles from the site. Griswold's (1977, page 42)
Table XII (see below) gave data on four nearby oil wells

*References in brackets zre listed in the end of this document; all

other references are given in the GCR.
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which have also encountered artesian brine reseryoirs; these

flows are typically an order to magnitude larger than that
of ERDA No, 6. Griswold (personal communication to Lynn

Gelhar, April

6, 1979) confirmed that two additional wells

{Masco No. 1 & 2, Sec. 20, T22S, R33E) encountered artesian

brine in the Castile.
on these additional brine flows.

that describes the fiqgure simply refers to "...

anticlines,..." without discussion. A more comprehensive

The GCR gives only sketchy information

Locations of "artesian
brine flows" are shown in Figure 2-5 but the text (2+13.3}

, brine flow

discussion of these brine reservoirs should have been included

in Chapter 6 on hydrology.

Griswold (1977)

TABLE XII

-Brine Flows From Nearby Wells

Well Name Location Flow Rate (bbl/day) Depth of Flow (ft.)
ERDA No. 6 Sec. 35, T21S, R31E 600 2709
Hudson Federal Sec. 1, T23S, R30E 12,000 2802
Culbertson-Erwin  Sec. 26, T22S, R32E Strong 3515
Bootlegger Ridge Sec. 36, T22S, R32E 20,000 3671
Gulf 1-A Sec. 25, T22S,:R32E 36,000 3600

The Castile brine reservoir encountered about 1/4 mile from
the southwest corner of the outer boundary of the site at the
Belco Hudson Federal well is discussed briefly (4-68.1). This
occurrence, with an estimated flow of 12,000 barrels/day
(Griswold, 1977), demonstrated that such brine flows are not
always associated with the highly deformed region near the



Capitan reef. Griswold's Figure & (see Figure 1) graphically
demonstrated the stratigraphic position of these brine flows
in relationship to the proposed repository.

Several statements are made in the report implying that

Castile brine flows are generally associated with anticlinal
structures; these include: wuse of the term "...brine flow
(2-13.3), the criterion on anticlinal structures
(2-22.1), the discussion of structure of the 124 marker bed

on (4-69.3) and discussion of lithium resources {8-5.1).

The structure of the top of the Castile (Figure 4£.4-6) indicates
anticlinal features within the immediate site area {(e.g. at

anticline...

the north edge of Zone II)} which are as severe as that associated
with the Belco Hudson Federal brine flow. In view of the

common association of the brine flows and anticlinal structures
there appears to be little Justification for the statement

on (4-73.1); "There is no suggestion here of deformation of

the type associated with artesian brine reservoirs."

The GCR makes no attempt to evaluate “he possibility that geo-
pressurized brine with HZS may occur within the evaporites in
places without anticlinal structures. Anderson (1976, p. 21-22)
described such an occurrence at the UNM-Pokorney No. 1 location
and noted that dissolution effects were similar to those
observed at ERDA No. 6.

Brine reservoirs occur in the Castile formation which is
directly below the Salado formation where the repository would
be located and the brine reservoir at the ERDA No. 6 location
nas intruded locally up to the level of the lower part of

the Infracowden salt., The origin, occurrence and configuration
of these brine reservoirs are not adequately addressed in

the GCR. For example, the geochemical analyses of the ERDA

No. 6 brine are generally inconclusive with regard to the
origin and period of isolation of the brine (see Section 6).

1t is conceivable that stress changes due to repository con-
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struction and/or heat generating wastes in combination with

the high pressure in an underlying brine reservair could

induce deformation and fracturing which would r2lease brine

into the repository. In view of the large flows and volumes,
high pressures, and accompanying HZS of these reservoirs, they
need to be characterized in detail in order to assess their

role as a potential threat to health, safety and environment.
Finally, future resource exploration could bonceivabTy penetrate
an underlying brine reservoir and bring pressurized brine

to the surface.
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Dissolution Processes and Rates

Salt dissolution can occur at different depths in the salt
beds. The GCR presumes that the dissolution at the top
surface of the Salado (shallow dissolution) is the most
significant {1-26.2, 6-38). However, the presence of on-
going deep dissolution, near the levels of the repository,
has been suggested as a possible threat to the site. Both
types of dissolution are discussed separately below.

Shallow Dissolution.

The GCR adopts the estimate by Bachman and Johnson (1973)

that the lateral shallow dissolution front located 2 miles west
of the site is approaching the site at 6 to 8 miles per
million years and would take 225,000 years to reach a point
1,500 feet above the repository. However, the dissolution is

" probably not advancing eastward at a uniform rate. The front
is envisioned as a "feather edge" (4-37.2) and certain tongues
of the edge may move faster than others. Vertical dissolu-
tion is estimated at 0.33 to 0.5 feet per 1,000 years which
would require 3 million years to remove the 1,500 feet of
evaporites above the repository. Much of the salt in the
Rustler formation directly above the repository has already
been removed (4-41.3 and Figure 6.3-7) by dissolution along
this front. How accurately is the location of the dissolution
front and the rate of dissolution known?

Deep Pissolution.

The question arises whether deep dissolution is an on-going

process in or near the horizons proposed for the repository

and may play a role in helping to bring radioactive waste to
the surface. EEG is presenting the following discussion in

an attempt to help resolve the issue.
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The GCR stated that exploratory holes, including ZRDA 10

and ERDA 11 (6-2.1) as well as other data, indicate that

deep dissolution is not taking place near the sita. Anderson
(letter to EEG, 4/24/79) has provided a photograph of a
portion of the ERDA 10 core which shows a possible dissolu-~
tion breccia in the lower anhydrite of the Salado formation.
Anderson (letter to EEG, 5/14/79) also provided a photograph
of core from WIPP 11 at a depth of 3100 feet showing clear
replacement halite indicative of solution activity. The photo-
graphs are not included in this review since they do not
reproduce clearly. EEG is sending them to the DOE for their
interpretation. Why is ERDA 10 considered to be "...the
nearest probable location of regional deep dissolution..."
(6-42.1)? '

According to Anderson (1978) deep dissolution within or
below the salt has occurred extensively in the Delaware
Basin. The GCR quoted Anderson's (1978) estimate that 50
percent of the original salt of the Delaware Basin evapor-
jtes has been removed (6-37.14) and that the salt from that
unit will be gone from the basin in about another million
years {6-45.3) but does not include his estimate that 73
percent of the lower Salado salt has been removed. Ander-
son's data indicate that the lower Salado salt beds, in
which the disposal horizons are located, have been the most
active zone of dissolution in the basin.

The GCR (6-45.2) appears to question Anderson's (1978} con-
clusion that disso]ution is main]y a Cenozoic process and
that it could remove the entire lower Salado salt in another
million years, hypothesizing that deep dissolution may have
been important in the Jurassic period. Anderson (1978) con-
cluded that "The advancing effects of lateral dissolution can
be expected to reach the disposal site before removal of the
overlying salt beds." Are there any recent data to resolve
this difference hetween Anderson and the GCR? e

-13-




tne GLK stated that “Ilhe proposed site 1S in an area of the
Delaware Basin that is free of regional deep dissolution, but
localized features are present in the vicinity" (6-41.3).
What are these localized features?

The following geological phenomena may be related to deep
dissolution,

Feature 5mi. SE of site. The GCR discussed a map of Anderson
on deep-seated dissolution features in the nerthern Delaware
Basin and stated "The nearest of these deep mid-basin feature;

to the proposed WIPP site...occurs about 5 miles southeast

of the site...” (4-64.2). The sonic log of the Perry Federal
#1-31 well in that area (Sec. 31, T22S, R32E, Fed-1, Figure
4.1-2) indicated that 200 feet of Infracowden salt was missing
(R. Anderson, personal communication to Lynn Gelhar, 4/24/79).
Furthermore, a major structural depression appeared in the

124 marker -bed in that same location {(see Figure 4.4-7)., A
similar depression in the 124 marker bed was found in the
northern part of the WIPP site (see Figure 4.4-7, Sec. 9,
7225, R31E). The GCR suggests that this feature ",..is not
significant to the WIPP site" (4-70.1), citing isopach maps

of Anderson (1978), and seismic reflection data. However,
none of this information resolves the question of whether

this depression is a deep-dissolution feature. The isopach
maps (Figs. 4.3-4 through 4.3-7) do not cover the lower portion
of the Salado or the Castile where the deep dissolution would
be expected.

Anderson's regional isopach maps obviously are not going to
resolve this feature because they are based on deep well data
which are sparse in the site area. Seismic reflection data
for the next horizon below the 124 marker bed (top of the
Castile, Fig. 4.4-6) are inclusive in that area which is
identified as "highly disturbed area”.

Thinning of salt. Anderson's (1978) Figure 16 also showed
a possible dissolution feature at the southwest edge of the
site. The Infracowden salt (the high level waste horizon)
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thins rapidly toward the southwest and disappears completely
about three miles from ERDA No. 9 in the area of this feature
(Anderson 1978, Figure 7). The GCR (4-35.1) presents Jones'
and Anderson's different interpretations of this thianning.
Griswold (1977, p. 42) has suggested that brine pockets may

be left behind a dissolution (suberosion) front. Might some
of this thinning of Infracowden salt be associated with disso-
lution and brine flows in the area of the Belco Hudson Federal

well? o

The GCR (4-35.1) indicates that the lower member of the S
Salado is 1,195 feet thick at ERDA No. 9 and "...thins to x&g f: ujj
430 feet near the northeast corner of the area,..., due to P
beds missing at corrosion surfaces...”. Where was the 430

foot thickness measured? “Corrosion" surfaces in ERDA No. 6

core samples are associated with dissolution [Anderson and

Powers 1978). Is this thinning primarily due to faulting or

is dissolution also a factor?

Origin of San Simon Sink. In discussing the origin of San

Simon Sink, the GCR indicates that "“shallow dissolution is —
a factor in the development of this sink" {6-40.3). In view

of the depth of collapse, the scale of the feature, and its

location along the reef margin, why is deeper dissolution not
considered an equally good possibility?

Breccia pipes. B8reccia pipes or “"domal karst features" (Vine,
1960) are thought to be a result of localized removal of salt
and are discussed on pages 2-17.2, 3-18, 4-7.1, 4-41.2 and
10-12.1. The second paragraph of the section on page 3-17
discussed Anderson's hypothesis that breccia pipes are

caused by Tocalized deep dissolution and brine density flow
through fractures connected to an underlying aquifer. Ander-
son (1978) suggested that breccia pipes are formed by dissolu-
tion from below followed by collapse of the overlying units.
Breccia pipes would then migrate upward and might eventually
penetrate the surface. The deep dissolution theory of breccia
pipe formation is consistent with conclusions reached in
investigating the Michigan Basin [Landes, Ehlers, Stanley 1954]
and collapse structures of the Prairie Formation Saskatchewan
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tDeMille et al, 1964]. Anderson suggested that these processes
are ongoing and that breccia pipes are presently being formed
or could be activated in the basin. I[f Anderson's ideas are
corvect, and in view of the presence of dissolution features
near the site, it is not inconceivable that breccia pipes may
exist or may develop beneath the proposed repository.

The GCR indicated that recent drilling (WIPP 13) of a suspected
breccia pipe has shown that the resistivity anamgly is not
caused by dissolutioning (4-7). What data formed the basis for
this interpretation? Also, what additional studies are planned
to resolve the origin, occurrence and significance of breccia
pipes? Anderson's (1978) concept, as well as others, of the
origin of dissolution features in the salt beds in the Delaware
Basin should be treated in detail.

The nature and decurrence of deep dissolution has not been
resolved by the information in the GCR. Anderson (1978) has
presented evidence indicating that deep dissolution can play

a significant role in the removal of salt and concluded "Exten-
sive regional and localized dissolution in the Delaware Basin
and the random distribution and on-going nature of localized
dissolution suggests that this particular basin may have already
progressed to a stage of dissolution where geological estimates
of site integrity may not be obtained with the required degree
of certainty" (page IV). How will the mechanism and rate of
deep dissolution be determined?

Future course of the Pecos River. Another aspect of salt disso-
Jution is its possible effect on the future course of the Pecos
River. The thickness of the salt section decreases on the order
of 1000 feet from the WIPP site to a point at the Pecos River
directly west of the site and the corresponding difference in
surface elevation is around 400 feet. If dissolution causes
subsidence east of the Pecos River, it could cause the river to
migrate eastward toward the site. If the course of the Pecos
River is so altered, this could Tead to accelerated dissolution
near the site,

-16-



The GCR does note briefly that the course of the Pecos
River may be affected by solution features (3-10), but
does not consider possiblie eastward migration of the river
or its role in ongoing and future dissolution. What is
being done to evaluate this possibility?

Site Structure and Geophysical Exploration

Information on structural features within the evaporites in
and around the WIPP site is needed to evaluate potential
hazards such as brine reservoirs or breccia pipes which may

be associated with deformation or dissolution in the evapor-
jites. Potash exploration holes provide some detail on shallow
features but the only direct information on the disposal
levels in the lower Salado is from a single well, ERDA No. 9.
A11 information in the GCR on the underlying Castile forma-
tion in the site area appears to be based on seismic reflec-
tion surveys.

The GCR identified several anomalous features which may be
of concern including:

a) A resistivity anomaly in the northern portion of Zone II
bearing some resemblance to the patterns associated with
breccia pipes (4-7.1). The GCR said it is a shallow
surficial feature with no disturbance of underlying beds,
based on drilling WIPP 13.

b) A 70-foot depression at the top of the Salado formation,
two miles NE of the site (4-7.1).

c) A depression in the 124-marker bed in the Salado forma-

tion an the northern edge of the site, one mile west of
feature b} (Figure 4.4-7). According to Anderson (1978,
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p. 78), this feature could be associated with faulting
in the Bell Canyon formation. If so, this would suggest
that the depression was formed by deep dissolution,
possibly caused by movement of water upward from the
Bell Canyon formation.

d) A missing section of Infracowden salt (base of the Salade
formation) 5 miles southeast of the site which also shows
up higher in the Salado formation as a depression in the
124-marker bed,.

e) A salt anticline located on the northern boundary of the
site originating in the Castile formation. WIPP 11 was
drilled through this structure to the lower anhydrite of
the Castile and did not encounter brine (4-68.3, 4-69).

f) Seismic reflection data suggested the presence of faults
~at the top of the Salado formation north of ERDA No. 9
but data from WIPP 18, 19, 21 and 22 showed no apparent
faulting (4-72).

Several wells were drilled to evaluate some of these features
(WIPP 17, 13, 18, 19, 21, 22} and in each case the interpre-

tation was that the anomaly was not significant. No informa-
tion is given in the GCR on the type of data that was coliec-
ted from the wells or the depth of the wells. What data are

available for these wells?

The configuration of the top of the Castile (Figure 4.4-6)
is important because that horizon may reflect deformation
retated to brine reservoirs or deep dissolution. Figure
4,.4-6 indicated several faults with vertical displacement up
to 300 feet, a possible anticline northeast of the site, and
a "highly disturbed area" extending to the northeast. The
significance of these structures is recognized in the GCR
(4-73.1). "Among aspects needing further investigation,
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perhaps the most significant is a determination of the
extent to which the upper levels of the Castile closest

to the repository levels have been deformed by any salt
deformation that may have taken place in the Jlower halite
units of the Castile." Because of these uncertainties,

the following statements in paragraph (4-73.1), (1) "There
is no suggestion here of deformation of the type associated
with brine reservoirs..." and (2) "This knowledge will per-
mit a more detailed assessment relative to the location,
design and construction of the storage facility but is not
believed necessary for a general qualification of the site.”
do not appear warranted on the basis of information in the
GCR or its references. Inview of the complex structural
feature indicated by Figure 4.4-6, what detailed justifi-
cation is available?

Because of the possibility of localized deep-dissoliution
features (breccia pipes) in the site area, there is a need
to define the ability of the seismic reflection method to
detect such features. What information is avaiiable on the
ability of the seismic reflection method or other geophysical
techniques to detect breccia pipes or brine reservoirs?

5. Hydrology

Aquifers exist above, below and adjacent to the evaporite
beds which are proposed for the repository. Therefore, sub-
surface hydrology at the site and in the region is a major
concern because ground water flow controls the process of
salt dissolution and is a primary transport mechanism for
the release of radioactive material from the repository.

The underlying aquifer (Delaware Mountain Group) is discussed
on (6-14); the potentiometric map for this aquifer (Fig. 6.3-1)
is based on Hiss (1975). As shown in Figure 3, there is a
large area around the site in which no well data were avail-
abie. Are there additional data which could be included in
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this map? What about AEC 87 Also, would it be more useful
to map the potentiometric surface of Delaware Mountain Group
aquifers using a density near that of the aquifer waters?

The GCR (6-16.1) indicates that recharge to the Delaware
Mountain Group occurs via precipitation on the outcrops and
downward leakage through the younger rocks where the evaporites
have been removed. [f there is to be any assessment of the
effects of climate change on this aquifer, it is necessary

to know more specifically the locations and conditions in

the recharge area(s) of the Delaware Mountain Group aquifer.

Data on the overlying aquifers are more extensive but the
regional potentiometric map for the Rustler aquifers (Figure
6.3-2) contains no data from east of the site. The degree
of connection between the brine aquifer and the Rustler
aquifers east of the site should be clarified. Do the two
aquifers have the same potentiometric surface (Figure 6.3-2)?
The GCR contains no specific information on the nature of
recharge to the Rustler aquifer; on (6-9.4) it states "...is
presumed to be from precipitation in outcrop areas or from
overlying formations." How much recharge occurs and what
fraction of this enters the aquifer from the outcrop areas,
and what fraction from the overlying formations? How will
the recharge and flow in the Rustier aquifer be affected by
climatic change? The summary of the Mercer and Orr (1978)
report in the GCR (6-30.2) noted that head distributions in
the Culebra Dolomite indicate fluid movement to the south-
east across the site. This observation is not consistent
with the regional potentiometric map (Figure 6.3-2) which
indicated flow toward the southwest. How are these differ-
ences reconciled?

=20~



The summary stated "...measurements of the effective
porasity...are very difficult to obtain". Have ranges been
established of the effective porosity in the site area?

This parameter is important in the hydrologic transport
modeling of the long-term release of radioactive material
from the repository. Aquifers adjacent to the evaporite

beds are also of importance especially in relation to possible
deep-dissolution in the evaporites. The discussion of the
Capitan aquifer (6-17) does not consider the possibility of
some lateral connection between the reef aguifer and the

salt beds with the resulting development of deep-dissolution
wedges and reef-margin dissolution features {Anderson, 1978}).

The statement on {6-10) referring to the Castile formation
"...as an aguiclude separating the Salado from the underlying
sandstones of the Delaware Mountain Group” does not consider
the possibility of fracture permeability which may be associ-
ated with deformation in the Castile, as suggested by Anderson
(1978) in relation to deep dissolution.

The question of the effect of climate change on the hydrologic
regime is not addressed.

Generally the hydrologic data for the region and the site is
not adequate to characterize the long-term hydrologic transport
of radiocactive materials or to define the mechanism and rates
of salt dissolution.

6. Geochemical Analyses

The analyses of waters from ERDA No. 6 (Sections 7.7 and 7.9)
are intended to resolve questions about the nature and origin
of this brine reservoir; the appropriate questions are stated
on (7-90). On (7-102.4) the GCR concludes, on the basis of
the uranium disequilibrium model, that the ERDA No. & reser-
voir “...has no connection with any other known ground water,
and has been in its present environment for at least 880,000
—_ years." This conclusion is unjustified. A more qualified
statement is found on {7-99.1) that assumes an original con-
nection to the Capitan reef and an original activity ratio
equal to that of the Capitan reef water at “"Carisbad 7", « = 5.14.
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One could assume as an initial value the resuits for the
Middleton (ao = 1.81) or Hackberry (ao = 1.22) waters {Table
7.27) which also come from the Capitan aquifer and are geo-
graphically closer to ERDA No. 6 (see Fig. 7.18). From

Figure 7.20 these values of o  yield much smaller ages;

about 300,000 years for Midd]gtone and a "negative" age for
Hackberry., The results of the uranium-disequiiibrium dating
are stongly dependent on an assumed ay and do not provide

any definitive information about the age or degree of isola-

tion of the ERDA No. 6 reservoir.

On (7-99.1) it is indicated that the solid, liquid and
gaseous phases are not in chemical equilibrium in the ERDA
No. 6 brine reservoir. A static body of water would be
expected to come.to chemical equilibrium with surrounding
rocks within a relatively short time frame. (Opinions
expressed to EEG ranged from weeks to decades). Yet this
presumably very old water was not found to be in chemical
equilibrium with the host rock. One or more of the following
is impiied:

a) The laboratory analyses of brine, gas and stable
isotopes are in error.

b) The ERDA No. 6 water is not "old", i.e., the interpreta-
tion of the uranium-disequiTibrium method in the GCR
(7-99} is invalid.

c} Water which has been in contact with other types of
rocks is mixing with the brine reservoir fluids and
preventing equilibrium.

d) Biogenic reactions which prevent equilibrium are occurring.

e} The surrounding rocks are not halite or anhydrite,
contrary to core data.

~29-
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As stated on (7-78) "The isotopic composition of ERDA No. 6
brine is consistent with an approach to isotopic equilibrium
between water and clay minerals, not necessarily in the
Castile." This observation is an additional indication that
the ERDA No. 6 brine may not be indigenous to the Castile;
this possibility is further supported by the following:

a) Gas analyses from ERDA No. 6 {(7-76) predict a calculated PO

of 8.8 x 10757 using C0,-CH, redox equilibria. This 2
value is not compatible with sulfate evaporite mineral

assemblages.

b) Results of the synthesis of ERDA No. 6 water chemistry
(Sample 14, Table 7.20) using the U.S. Geological Survey
computer program WATEQF indicate that the water is
undersaturated with halite, anhydrite and gypsum, but
is saturated with calcite and dolomite.

c¢) MWATEQF calculates a P of ]0'2‘09; PCO calculated

Co
. 2
from the basis of calcite saturation is 107'-%8

indicating that ERDA No. 6 water is in equilibrium with
calcite.

These points suggest the possibility that ERDA No. 6 water

has recently been in contact with dolomite and calcite, e.g.
the Capitan limestone and associated dolomites (Figure 3.3-2)
or the Bell Canyon formation which "contains considerable
1imestone interbeds and lime rich intervals" and whose top
unit consists of limestone (Figure 4.3-2). Two possible routes
for water movement from the Capitan reef were suggested by
Anderson (1978, pp. 69, 72}: atong the contact between the
Castile and Salado formation, or moving upward from the Bell
Canyon formation through fractures in the Castile formation.
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The stable isotope data for ERDA No. 6 water (Figure 7.12)

indicated isotopic composition which is distinct from modern
meteoric waters. However, these data do not give a pasitive
indication of the origin of the water in the brine reservoir,

Regional water chemistry information is important because it

can help to understand salt dissolution conditions and clarify
the interpretation of the regional hydrology. However, the

data are limited and are not systematically related to the
possible flow system. There are two water samples from the

Bell Canyon aquifer listed in the GCR (AEC 8 on Table 6-3.3 and
Sample No. 9 on Table 7.20) and they have different chemical
compositions, The composition diagram of Figure 3 was prepared
from concentrations of 3 of the 8 ions 1isted on Table 7.20.

Only one Bell Canyon water sample is included (No. 9), Figure

3 suggests that this Bell Canyon water sample nas a composi-

tion similar to the three water samples from the Salado. This

is consistent with the observation in the GCR that “this brine
probably did not originate in the Bell Canyon, but its solutes -~
probably came from nearby evaporites" (7-74.3). A possible
interpretation of these observations is that solutes in the

Bell Canyon aquifer have originated in the overlying evaporites._
While this is not conclusive, it supports the Anderson (1978)
hypothesis of deep dissolution through connection with the
underlying agquifer,.

None of the questions posed on (7-90) concerning the ERDA

No. 6 reservoir are resolved with any degree of certainty

by the geochemical information in Chapter 7; all that can be
said is that the origin and evolution of such brine reservoirs
in the evaporites remains a mystery.
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Rock Properties and Special Studies

The special studies of Chapter 9 are not being reviewed at
this time. These studies are very important for the evalua-
tion of the long-term integrity of a proposed repository,
but Chapter 9 generally covers ongoing work wiich has not
come to definitive conclusions. The following are some
general concerns which will have to be resolved before the
long-term integrity of the site can be evaluated.

a) The thermo-mechanical-.properties of salt and other adja-
cent rock are very complex especially when one is con-
cerned with the regional-scale deformation induced by
a proposed repository. The in situ properties of rocks
at this scale can be strongly affected by impurities,
heterogeniety and fracturing which is not accounted for
in laboratory experiments of the kind described in
Chapter 9. This problem is recognized on (9-2.3).

b} The radionuclide sorption properties of rocks are
important in the hydrologic transport modeling of the
long-term radioactive releases from a proposed reposi-
tory. The static experiments with powdered rock samples
(9-26) may not be relevant to the flow in fractured rock
that would be involved in the Rustler aquifer (6-30.4).

Additional 1abor€tory and field work will be required
to realistically describe the in situ sorptive proper-
ties of rocks at the site.

¢) Migration of brine inclusions within the salt under the
influence of waste induced thermal gradients could lead
to undesirable accumulations of water in the repository.
On (7-68.2) "“Accurate predictions of the behavior of in
situ inclusions in the thermal gradient around a canister
in salt cannot be obtained at this time...". More infor-
mation is required on this phenomenon.
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General Comments

"The purpose of the GCR is to provide an account of the known
geotechnical information considered relevant to site selection
(see Section 2-3) for the proposed WIPP site” (2-2.2).
Further discussion on (2-2.2) states "...for the most part,
specific judgments regarding the suitability of the site are
not made." A conclusion is presented on (2-7.1) that "Suffi-
cient information has now been developed to allow the site

to be adequately characterized for site selection purposes,”
and on (2-23.6) the statement is made that "“...much basic
information has been gathered iﬁdicating no major technical
problems with the site as it is now understood."

Based on our review of the GCR and its references, additional
~data collection and analyses will be required in order for

EEG to conduct its assessment of any potential release of
radioactive materials to the surface and any subsequent

effect on the health and safety of people and on the environ-
ment, Critical analyses of the role of localized geological
perturbations such as breccia pipes, brine pockets and varying
rates of dissolution are required for hydrologic transport
modeling.
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APPENDIX IV

RADON RELEASES FROM WIPP

Summary

The quantities of radon expected to be released from operation
of the WIPP site were calculated without any local measurements.
The situation is discussed in greater detail below.

WIPP DEIS Radon Emanation Estimates

The DEIS uses a value of 0.9 curies/year of Radon-222 and 0.04
curies/year for Radon-220 obtained from the Nuclear Regulatory
Commission's Final Generic Impact Statement on Mixed Oxide Fuels
(GESMO). The-DEIS also uses a typical concentration of 1 x 10'9
curies/cubic meter in exhaust air. These values are apparently
estimates since they are unreferenced in the GESMO document.

There are no data in the DEIS on either uranium levels or radon
at the surface or in the Salado formation where extensive mining
would occur, In general, the Carlsbad area has a slightliy lower
than average terrestrial radiation, which suggests low uranium
concentrations in the soil. While salt beds are usually low in
uranium content, there are significant variations in different
areas or geological formations and averages cannot be presumed,.
It is interesting to note that Carlsbad Caverns has high enough
radon levels (up to 0.25 Working Levels) for the National Park
Service to be concerned about exposure to their employees. (Ref. 1},

Since concentrations of radon from mines can vary over two to three
orders of magnitude, it is necessary to obtain uranium, radium and
radon data underground and at the surface. Three areas of environ-
mental concern include:




{1} the amount of radon exhausted from the repository;

(2) the gquantity of radon that emanates from the salt
stored above ground; and

(3) the radon naturally emanating from the salt storage
area (so that it can be estimated whether salt storage
increases or reduces net emanation).

The possible doses from radon, while low, could be significant
compared to other releases from the repository. See the attached
calculations.




Radon Dose Estimates

DEIS Estimates

222 220

p. 8-33 Q = 0.90 Ci/y Rn, 0.04 Ci/y Rn
). 2 -7 s . .
p. H-59 ] 6.2 x 10 ° =5— at James Ranch (3 miles SSW of site)
m
pCi . 9 x 10! peisy (6.2 x 1077 5.) = 0.18 pCi/m>
m> 3.15 x 107 £ m
Yy
Dose, mrem/y = 0.18 B&1 (0.625 mrem/y} = 0.011 mrem/y-
m A
pCi
) ) m Bronchial Epithelium

[conversion factor is from G-44 in GEIS Uranium Mills and is the
average dose a resident indoors would get from an outside concentra-
tion of 1 pCi/m> of 22%R
Dose to pulmonary lung is only 4-11% of this (pages 6-39 and 6-67
of GEIS)]

n. This dose is to bronchial epithelium.

p. 9-39 The DEIS uses a dose of 2.5 x 10~ mrem/y to lung.

This can be checked by the above information and the
Dose Committment Factor from NUREG-0172, Table 8.

Dose pCi _mi inhalation fDCF mrem
m3 y pCi inhaled

0.18 (7300) (2.05 x 107%)

2.6 x 'IO'4 mrem
Y

H
I



Reasonableness of DEIS Estimate

Assume an emanation rate from the mine egual to the average rate
(1 pCi/sec-mz) and that there may be as much as 5 x 105 m2 exposed
area in the tunnels and storage rooms {(this could be high by
factor of 2-3, depending on the plan for opening and closing rooms

in the repository).

Then:

. 5 2 -12 i 7 s .
Ci =5 x 10" m (;0 3.15 10 = =15,7 C
ly —?———) X y ily
From Mine
No estimate has been made from possible salt pile radon. If radon

emanation is even 1 pCi/m2 - s above backaround., then for a 30
acre pile:

3

Ci/ 30 Ac. (4.05 x 10 "‘2) 3.13 x 107 & (10712 &L
y . (4. oo 3.1 $ —

- o

3.8 Ci/y from pile {per 1 pCi/m2 - 3}

it

Cily

These values may be higher than exist at the site but they are by no
means an upper bound, e.g. a variety of metal mines have been
observed to have radon concentrations 2-40 times those assumed here.
Evaporite deposits are typically an order of magnitude lower, yet

in some cases they contain commercial ore deposits. Also, there is
poor correlation between radon levels and ore gecchemistry.

Possible Radon Doses

Assume 20 Ci/yr. radon release and check doses at two closest
privately owned areas (James Ranch, use 3.0 mile SSW; and 2.8 mile
MW} where residences are possible. Also check dosage at maximum
0.5 mile sector, be ause these areas are open to people.




Inhalation Dgse

e PCi : 3 0.5825 mrem/yv
millirem/yr., = == )
E 7 m> PCi/m
20 x 1012 7 7
x 10 - .
——71' (6.2 x 10 ") 0.625 = 0.25 mr/yr. 3.0 mi
3.158 x 14 S ——
y
= 6.34 x 10° (2.9 x 1078) .825 = 1.1 mr/yr. 2.8 mi
= 6.34 x 10° (9 x 10°°) .625 = 35.7 mr/yr. 0.5 mi

Regional Annual Radon Dose Committment

A crude estimate of the total dose to the regional poﬁuiation
from 311 pathways can be obtained by prerating the doses

shown on Table 6-15 (attached)
Impact Statement on Uranium Milling (NUREG-0S511),

from the Generic Environmental
Adjustments

need to be made for the difference in regional population
(94,050 for WIPP versus the 57,300 used in Table 6-15) and
for the curies of radon released {7,000 versuys 20 curies/year).

Adjustment Factor =

Bronchial Epithehium _

Dose

Bone Dose

Whole 3ody Dose

Lung Dose

2
7

[

0.

'0 O
300

S
e

o O

.Q0488

o

e

138 man-rem (.0047) = 0.65 man-rem

§3.3 (.33) (.0047) = 0.08 man-rem

§.47 (.35) (.0047) = 2,01 man-rem
12.8 (.50) (.0047) = 1,03 man-rem



Cnse Ccocmmen<

The regional doses from a 20 curie/year radon relsase are small.
They are, however, similar in magnitude
in Tabie 9-19, not trivial as suggested on page 9-39.

It is also ngoted that the individual doses calculated in Table 3-18
are for James Rancn. Areas outside the security fence have ¥/Q
valyes a3 large 3s 9 x 10'5 S/m3 (WNW at 0.5 mile) whica is 145
times as large as used here. This needs further consideration.

- .y P 1 a “ad ——
t¢ %tne total doses presencs



fable G. 19 Annval Population nnd:Envtronmcnla! Dose Commitments Resultving from Operation of Lhe Model MilI

Annual Population Dose Commitments, perfun-rcm/yra

Tota) Dose Commitments Doses Recelved by the Reaional Popu latloﬁﬁ

Whole lone Lurg l]rolfﬁl;ﬂc tthoTe bone Tong llronchlal

Exposure Pathway Body Epithelfum™ _ Body [pnhplium
External from ground 0.511 0.5 0.511 - 0,50 0.5i11 0,511 -
External from cloud 2.36 2.36 2.3 - 2.306 2.36 2.36 ¢ -
Inhalation 0.170 4.6} 6.48 138, 0.170 4.0) 6.50 - 138.
Vegetable Ingestion .58 50.0 1.98 - 2.4 38.3 2.14° -

Meat lngestion 2.94 30. 24 2.94 - 0.437 1.49 0.437 -
Hilk Ingestion 0.458 9.5 0.458 - 0.253 .04 0.2%3. -
TOTALS }0.0 . 93,2 16.3 138, 6.47 51.13 12.8 130.
' Annual Environmenta} Dose Commitments, person-rem/yr

' Total) Dose Commitments Poses Received by the Reqlonal Populnt\onh

Exposure Pathway Whole Bone Lung Bronch?hlc fiole Bone Lung llronclnalC

Pody Epithelium Body Eplthelfum
External [rom ground 197 1.97 1.97 - 1,97 . 197 1.97 -
External from clovd 2.16 2.3 2.36 - 2.3 2.6 2.6 -
tehalavion 0,170 4,01 6.%0 138. 0.170 4.6} 6.50 110
Vegetable Ingestion 4.52 53.0 4.5 - 3.46 15,6 3.16 -
Heat Ingestion 4.70 48.7 4,78 - 0.710 .24 0.210 -
itk Ingesiion 0.725 8.45 0.725 - 0.400 4.66 Q.100 -
voraLsd 4.6 125.7 20.9 138, 9,07 66.4 5.4 1.

23a50d on exposure during the final year of nfil operatfon.
Ooses rvecelved by the regional population arc less than total doses for {ngestfon pathways because the reglonal population consunmes only

76.5%, 14.9% and 55.2X of regionally produced vegetables, meat, and milk, respectively,

Doscs presented for the bronchial epithelliuvm are those resulting from inhatation of short-1{ved Rn-222 dauyhterv

Thc following percentages of annual dote commitments received by the region are due to annual raden releases (7.0 kCi):
33%; pulnonary Jung, 50%: and bronchia) epithelium, 100%. k

whole bLody, 35%;

hane,
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APPENDIX V

ATMOSPHERIC DISPERSION COEFFICIENTS

I Long Term Averages

Procedure Used. Several key x/Q values were calculated by EEG
by a separate hand calculation to determine if the values from
Table H-36 in the Draft EIS were reasonable. The procedure
used differed in several ways from the MESODIF Code:

(1) It did not account for a plume being blown back over
the source to contribute on the "second pass"”.

(2) It did not include the effect of releases during the 0.7%
of the time that winds are below 0.3 meters per second
("calm conditions").

(3) The horizontal and vertical dispersion coefficients (6y, a2z)
for Category F were used for Category G conditions.

A11 of these differences would tend to make the calculated
values of y/Q less than those obtained from MESODIF.

(1)

The basic expression used was:

(_2_55 h2

- w fFi e' 0’2
X = Ti = A,B,C,D,E,F Fz;¥, Zrx 26z
Q@ long-term n

where

¥ = annual average downwind concentration in the sector of

interest at distance x downwind, uCi/m3

Q@ = annual average discharge rate, uCi/s

(1)From: Fowler, Ted W., "Air Submersion Skin Surface Dose Rate
from Noble Gases", EPA Radiological Review Guidelines No. 3,
May 1973.
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no

=

f = frequency of the time that wind blows in a given sector

X = sector width where x is the downwind distance and n is

=

number of sectors

= annual stability persistence frequency for the fi
meterological conditions (A,B,C,D,E, and F)

th

= vertical stability parameter for the i th meteorological
condition at distance x downwind, m

= wind speed at ground level for the i th meteorological
condition, m/s

h = effective stack height, m

if elevated releases are ignored and 16 sectors are used this
reduces to:

X = i
Q Ei = A,B,C,D,E,F 2,032fFFi
o HiX

1

The normal use of this equation would be where only the frequency
of stability categories (in Table H-35 for the WIPP site} and

the annual distribution of wind direction (Table 20, Annex 1, of
Appendix H) is known. Average values of wind speed (ﬂi) are used‘
for each stability category (from Fowler). A sample calculation
is shown below for the northwest downwind sector at 2.8 miles
from the site.




Stability F. a5 FL s

Category m o 1 - ;—
E) (m) Zi ¥
A .255 2.46 2600 4.00 - 5
B .033 2.69 570 2.11 - 5
C .031 3.98 240 3.34 - 5
D . 136 5.86 83 2.77 - 4
E .105 3.68 53 5.28 - 4
F 119 2.00 33 5.07 - 3
G .216
= 5.97 « 3

For NW downwind sector (f = 0.182)

_2.032 (.182)(5.97-3) _ >
fr LU L s 0k

DEIS value from H-36, by interpolation = (3.3 - @53-
m

A similar calculation at 3.0 miles SSW of the sizte gives a value

of (7.8 - 8)>3 compared to the DEIS value of(6.2 - 7)3%5
m m

The DEIS contains more meteoroiogical data than needed for the
above simplified calculation. Use can be made of these data by
using actual data for wind speed and stability category frequency
in each downwind sector. An example is shown below for 2.8 miles
northwest of the site. Wind speed frequency for each stability
category is obtained from Tables 13-20 in Annex 1, Appendix H for

the southeast wind direction.



gtabiﬁty b fF 62 £F, S)
ategory — (%

(m/s) (m) z ¥4 m
G & F 0.85 .033 33 1.28 - 3

2.25 .038 . 0.51 - 3

4,05 .002 0.02 =3 1.81
E 0.85% .003 53 0.67 - 4

2.25 ,028 2.34 - 4

4,05 L0822 1.02 - 4

6.55 .005% 0.14 - & 0.42
D _ 0.85  .001 83  0.14 - 4

2.25 .009 0.48 - 4

4,05 . 005 0.15 - 4 0.08
C 2.25 . 001 240 .02 - 4

4,05 L0017 0.01 - 4 0.00
B & A Negligible by inspection

r = 2.31

X _2.032 (2.31 - 3) _ _ S
(7)2.8 mi NW = 1543 =(1.0 - 6) 7

DEIS value from H-36, by interpolation ={(3.3 - 6)53
m




[I

A similar calculation at 3.0 mi SSW of the site gives a value

of (1.4 - 7)33 compared to the DEIS value of (6.2 - 7)§§.
m m

Also, a calculation for 0.5 mi NW downwind sector was (1.6 - 5)3§
m

compared to(6.2 - 5)2x in DEIS.
m

Short Term Averages

X X i
The (0)5% and (0)50% one hour frequencies were calculated from
inspection of Tables 16-19, in Annex 1, Appendix H. The key

factor in determining each value is to find the Gz.ui value that
1
is minimum at a given distance. This is done in the tabulation

below at 800 m.

Stability 6z My 62 H Inverse
Category ] (m) 21 Ranking
(m) s/ n-/s
G & F 12 0.85 10
2.25 27 a
4,05 49 7
6.55 79
E 18 0.85 15
2.25 41
4.05 73
6.55 117
D 27 0.8 23 3
2.25 61 8
¢ 50 0.8 42 6




A SE wind direction (NW downwind sector) occurs 18.2% of the
time, Consequently, the 5% frequency is 0.91% of the total

time; the 50% frequency is 9,1%.

Percent occurrence: e} ~ 2,63 F gs = 0.7; D = 0,13

E.85 = 0.3; G

X _ . m
S (6)5% G stability, 0.85 - Speed.

_ 2.032 (1) . (

" S
- “Torsosy T 25 - Ay

DEIS has (2.8 - 4)2
~ ms

E stability, 2.25 %
. 2.032 (1; - s

DEIS has (6.3 - 5)53
m

(%504



[II Summary of Results

ATMOSPHERIC DISPERSION COEFFICIENTS
{Comparison of EEG and DEIS values)

\

Downwind Long-Term Values One- hour Values
Sector DEISB EEG RATIO DEIS; G3 RATIO
/m s/m DEIS/EEG s/m /m DEIS/EE
SSW, 3.0 mi  6.2-7 (a) 7.8-8 7.9 (¢c) 5.6=5 1.5-5 3.7
(b) 1.4-7 4.4 (d) 5.8-6 2.1-6 2.8
~ NW, 2.8 mi 3.3-6 (a) 4.9-7 6.7 (¢) 6.5-5 1.6-5 4.1
- (b) 1.0-6 3.3 (d) 8.3-6 3.8-6 2.2
§ g,ww 0.5 mi 6.2-5 (b) 1.6-5 3.9 (¢) 2.9-4 2.5-4 1.2

(d} 6.3-5 6.2-5 1.4Q

(a) Short method, using average stability category frequencies
from H-35 and wind speed.

(b) Procedure using specific meteorological data in Annex 1,
Appendix H.

(c) 5% occurrence, one hour frequency (Table 21, Annex 1,
Appendix H).

(d) 50% occurrence, one hour frequency {(Table 21, Annex 1,

Appendix H).

The agreement is not too close in most cases with the values in
the DEIS being consistently higher., Higher values in the DEIS

are to be expected from the differences in models, The use of
stability Category G parameters and the incorporating of calm
winds into the model might reasonably increase the calculations by
more than two-fold. TIncluding the plume being blown Back on

the source would tend to ingrease the values some also. This

is considered satisfactory agreement and it is concluded

that the values used in the DEIS are reasonable.
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IV Air Quality x/Q

For calculation of the 24-hour ground-level concentration
of particulates, the DE'S (p. 9-8) used the following
equations (from Turner, 1969; PEDCo, 1973):

[

-

6_
ﬂud;f;

and assumed "restrictive dispersion conditions"that gave
(4&5}) = 17,000 m2 at 2 miles. This is equivalent to cate-
gory D conditions as computed by the formulas in Table G-1,
This gives an "effective x/Q" of:

X _ _ 0.36 __ _ 0.36 - (2.1 - 6)
q - 7u(17,000) ~ 7(3.14)17,000 '

Eu’lm

This value can be compared to the x/Q values calculated in
Appendix H for long term and one-hour frequency.

(%) = (15 - 6)§§ (SW downwind sector)
50% m
(%) = (5.9 - 6)53 (NW downwind sector)
long term m

Since the 24-hour x%/Q by this calculation is only about one-
third of the annual ¥x/Q calculated in Appendix H, it 1is
concluded that the two methods are inconsistent.



Transportation ¥x/Q Factors

From page G-3:

B2
X . 1 l -4(g-)
0 '.'.Syszu ¢ 6;]

Assumptions: distance = 0.5 mi, F stability conditions,
¥ =1m/s, h = 20m

1

6, = .016d(1 + .0003d)"" = .016(805)[1 + (3-4)(8+2)17' = 10.39
6, = .04d(1 + .0001d)™% = 32.2[1+ .0837% = 31.0
20
X _ v eslygg) i s
Q- T(I0.3)(3T.0) (D) = £.9-4(.158) = (1.6 - 4)35

As comparison:

Worst annual {Xx/Q) at 0.5 mi = (9.0 - 5)§§ (Table H-36).
m
9% of above.

(%)5% for 1 hour, 0.5 mi = (4.3 - 4) (Table 21, App. H).

EOJM

44% of above.

S for 1 hour, 0.5 mi = (1.1 - 3)3% . 111% of above.
Q/max ;?

The (é) for ground level release is between 5% and max one-hour

% so is conservative compared to values used elsewhere in the

DEIS.

Since the assumption of an elevated release significantly reduces
the calculated doses, there should be more of a justification

-10-




for its use, especially in an accident where no fire is

assumed, Furthermore, the assumption of stability F

i conditions is not especially conservative since less stable
conditions can result in similar concentrations occurring
closer than 0.5 miles from the source. This analysis should
consider other distances and stability categories and also
the case of a ground level or other elevated release height.

-11-



APPENDIX VI

Sirple Model for Estimating Maximum Radionuclide Concentrations

in the Pecos River, and Associated Ingestion Doses,

due to the Release of Radiocactivity from the WIPP Repository

by Moses A. Greenfield

A. The Square Wave Model

The model used in the Draft Environmental Impact Statement (DEIS,
1979} is based on a system of "three coupled partial differential
equations describing the behavior of a ligquid phase injected into

an aquifer system" (INTERA, Sept. 1977). The equations are based

on conservation of liquid mass, energy and the mass ¢f a contaminan®
dissolved in the fluid. Additionally there are equations for each
radioactive nuclide which conserve mass for each species and take
account of radibactiée decay.

Solutions for this complex system of coupled non-linear partial
differential equations are obtained by developing finite-difference
approximations in a three-diminsional grid (INTERA, Sept. 1977).
There is al:zo interest in developing relatively simpler solutions
based on a one-dimensional approximation. The authors of the
INTERA report checked the adequacy of their programmed trace compo-
nent equations by comparison with known one-dimensional analytical
solutions for radicoactive chains (Lester et al, 1975). One-dimen-
sional transport models "2ve been developed by a number of writers
and used to test parameter dependence and to compare different
nuclide behaviors (Holly et al, 1971: Borg et al, 1976; Barr, 1979).
It is helpful to give an elementary derivation to gain insight into
the importance of the various terms that appear,

In Holly's treatment (loc. cit.) account is taken of nuclide transport
due to water flow in a homogeneous, isotropic, porous aquifer with
hydrodynamic dispersion, adscrption and desorption, and radicactive
decay, with a one-dimensional spatial coordinate.
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Figure 1 depicts a homogeneous, isotropic aquifer with groundwater
flow rate v, porosity ©, single spatial coordinate x, and L and S
representing the liquid and solid phases respectively. CL’ CS
represent the concentrations of a radionuciide in the two phases.
in equation representing material balance in the element Ax after

a time passage, At, may be written as follows:

1. B-Ax-ACL + {1 - G)-Ax-ACS = CL ] v At
(expresses change in quantity {flow in)
of nuclide after a time -(CL + el Ax): B-7-At
passage, 4t, in volume 3X
element Ax.) (flow out)

4
- AAt [0 -2x - C  + (1- 8) - ax CS]

d . .
(Fragg?ﬂn) {inventory in L,S.)
- 2, -
-DL BCL .8At + DL BLL N “Laxlea.
Ix 3 X 3,¢

(flow associated with dispersion
at entrance, exit of element;
DL assumed independent of x.)

Equation I represents the material balance for any nuclide; *» is the.
decay constant and DL is the coefficient of hydrodynamic dispersion.

Combining terms and dividing by ©-Ax-At, gives:
I1. 3¢ c 32

L +1-83Cs =-v % +0p CL-AEL+1-OCEJ
7t 5 3t 7% 2 5

ar

Adsorption may be introduced by assuming instantaneous equilibrium
and reversibility between liquid and solid -hases. with:

CS = KdCL (Kd dimensionless) -

-2-
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Ax
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’ Solid Phase
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|

!
1
|

. [ |
o{porosity) t;gg;d I ' 5
3b ) t groundwater flow rate
ion - aC
concentration: € C, + axLAX
, 3C, ac,  acC,
gradient: e % T 2 AX

Volume Elements:

Liquid ©0Ax
Sotlid (1-0)4Ax
uCi

CL,CS in 5y or similar units

Figure 1




Also, let K,

4 =F°BKd’ with f%(g/ml) = bulk density of

aquifer.

C i : .
Then Cs = X.C,; (28 Tn uCi/g, K, in m1/g).
- d L R
/3

Kd is called the distribution coefficient, and is a measure of the
extent to which the solid adsorbs the nuclide. Values for Kd are
listed in the DEIS, Volume II, Table K-3, page X-20, and were used
as input parameters for the calculations made in the report.

Replace CS in I by fEKdCL‘ Then

11 3CL 1 -0 r2ok,) =-73 20 D E’ZCL
(Bt * ACL)(-’ * S} B d X * L 2
ax
IV. Let B =1+ 1 -0 PK,: K = erbe
' L2 Mk Ky L.
Then: 2
5K 3K 32 —
V. Bzt = - ¥ =L +0D L
at 9X L 2
3 X
tet t' = t/B.
Then:
2
vi e TR
at'’ X Ix

Values for DL = 1857m2/yr (P. Brannen, personal communication to
M. Greenfield, 1979) and v = 4.45 m/yr (=0.04 ft/day)

(DEIS, II, K-14; also DEIS, I, 9-112) have been used in the report
calculations. ‘

Note that D

-

= 41 m = 136 ft.

<t

If the concentration gradient changes are small in ~40 meters, perhaps

—

)
D, 9 "KL can be neglected in some approximation compared to G?EL.

a X X
-4-



VII

Concentration

LA

V_,___

LR

Any function of the form f (x - vt') or flx - (%ﬁ t] will
satisfy this partial differential equation; it represents

a traveling wave form, f, moving with the speed é = % from
repository site towards the river. Thus if B>>1: then the
consequences will be a retarded nuclide movement. The actual
concentration CL is of the form e'ktf. For a collection of
nuclides, indexed by i, each will move with its own velocity,
v/Bi, and will be modified by its own decay factor, e'kit, and
the appropriate inventory activity, Ai'

A.
I1f one assumes a common dissolution time, Td’ then Tl is the

time rate of release from the repository, acting as g source
term. Figure 2 depicts the "spectral” composition of nuclides
traveling from the repository to the Pecos River.

of
Nuclides
spacial
thickness
Ai v X T Velocity = i
4 ;
x=0 Distance from Repository
at site x=15 miles

at Pecos River

Figure 2.




15 miles

Arrival time {(AT). to Pecos River is

i N
v/Bi
Release Rate from Repository (RRR) is Ai.
T
d
Discharge Rate at Pecos River (DRPR) is Ai e "Xi(AT)i
T
d
If the flow rate of the Pecos River is F, then thé concentration
of nuclides at the Pecos River (Cppl),is Al . 1 . e 'Ai(AT)i,
T F
d

at the arrival time (AT)i'

The purpose of corstructing this rather crude and simple "square
waze” model is to use a zero order approximation approach for
comparison with the calculations in the DEIS rezorts. Since the
model is one-dimensional and dispersivity is neglected, one may
reasonably expect concentrations and doses to be greater than those
based on a more elaborate 3 dimensional approach. Clearly this
comparison is intended only as a rough check on the validity of
the methodology used in the DEIS calculations. If there is an
approximate agreement, then attention may be turned to the assumed
values for the input parameters, notably v the groundwater flow
velocity and the Kd values.

B. Parent-Daughter Decay Chain

The preceeding analysis assumes that repository inventory accounts
for all the nuclides that potentially may travel towards the Pecos
River. Actually one must consider daughter decay products as addi-
tional sources. In some instances the production of the nuclide via
decay may be much greater than the source from the repository.
Another reason for the importance of decay products stems from the
retardation values, B, for some nuclides. For example, the Kd value
for Thorium is given as 2200 (T—;’T) (DEIS, II, Table K-3, p. K-20).
This leads to a B8 value of the order of 104, which precludes the
travel of Thorium from the repository (Th-230 and Th-229). However,




Th-229 is the daughter decay product of U-233 which is present in
the repository inventory. The listed value of Kd for uranium is

1 (ml/g) {DEIS, II, Table K-3, p. K-20) which leads to a B value
for uranium of about 19. Thus U-233 travels from the repository
to the Pecos River in a time interval of approximately (AT)U_Z33 =
19(15 mi./.04 ft./day) = 10° years. The Th-229 in effect gets a
"piggy~back” ride and makes the journey in the sahe time interval.
The following analysis develops the relations needed to compute
release rates into the Pecos River and consequent concentrations.

Assume a single daughter, B, from a barent, P, with decay constants
AD,AP. The initial parent activity (in the repository) is Ap 0"

AP MP 0 (NP 0 is the number of parent atoms initially in the reposi-
= 0.

tory). Assume the daughter activity initially is Ap 0

In general.

Thus, at t=0:

IT. dN

Thus, the initial rate of production of daughter activity is:

D A

dt

dn dr
= A
'0 0

111, y. 98p
0 I

0 P,O.

For a very long lived parent, IIl is a convenient approximation for
computing the rate of production of a daughter.

The general solution for I is:

Iv. Ny = Ap.o [e"‘?t - e"‘n":]




O
p e
(a8
=

D

The general form for —— = A, —= can be stated as:
t D Tdt St
dA, rge 'Dt - 2% P
V. —t = hp. o T Y
dt D 3 D - p
One may also compute the ratio (AD/AP):
Vi, ST B e-(AD-AP){}
A An =A
P p P
For sufficiently long times (with ADt>>]), VI becomes:
Ap p
VII. = = X )
P D -"p

An approximation for the daughter discharge rate into the Pecos
River can be derived. Assume that BD>>BP. One may picture the
"square wave" concentration of the parent making its journey to the
Pecos River, droppiné or 1eaving behind the daughter product
distributed along the pathway from repository to the Pecos River.
Compute the total activity of the daughter at the arrival time,
AT, of the parent (ATp = lg_ﬂilﬁi , distributed spatially along
the 15 miles. v/Bp

From VI:

VIII. A. = AD [I - e -()"D'A'p) (AT)P] X Ap Oe'kp(AT)p

[f one makes the approximation that this activity of the daughter

is uniformly spread over the 15 miles (actually there is a small
gradient which is computed later in this report for an actual case),
then the spatial distribution at the time ATP is:

i R
AX 15 t=ATp
Now one may compute the linear velocity of this distributed activity
as: _
v
v = =
D BD




Combining the spatial distribution with the velocity yields the
discharge rate into the Pecos River (DRPR):

p=]

= D -

IX. DRy, = <D 4 7
PR v
15 By | t=AT

P

Computation of Discharge Rates into the Pecos River and of Con-
centrations; Comparison of Peak Values (and Times) With Intera
Calcutlations

Scenario 4 mandates the full flow of Rustler aquifer through the
repository, and assumes the complete dissoiution of the spent fuel
assemblies along with the bedded satt. The DEIS states that

this proposed event is a bounding case, and for this reason it was
" chosen for calculation using the linear, square-wave model.
Column 1 of Table 1 lists the nuclide and Column 2 1ists the
inventory activity, A, in curies contained in the 1000 spent fuel
assemblies in the repository. These numbers are based on the tabulated
values of Ci/1iter for each nuclide, 10 years after discharge from
the reactor, (DEIS, I, Table 9-44, p. 9-104), and the computed
volume per assembly {or canister) of 485 liters. This number is
based on the stated dimensions of the assembly as 14 inch diameter
by 16 foot length.

2
_ nwD"H T f14 3
VO]can iy 'y (1—2') 6 ft.

,
17.1 ft.3 = 485 1.

Thus the inventory listing for Tc-99 is obtained as:

1.8 x 1072 ¢i/1 x 485 1/can x 10° can

= 6.8 x 10° Ci.

Th-232 is omitted in column I because the inventory is very small,
a factor of 104 less than the next larger amount (Th-229).

-9-



Column 3 1ists the release rate from the repository (RRR)} in {(u<i/sec),

obtained by dividing the activity in column 2 by the dissolution

time Td = 4850 yrs. = 1.47 x 101] sec, —

This value for T, is based on a dissolution rate of Z1.4 ft.3/day
fsalt plus radioactive material), and a repository volume of (930 x

930 x 42)ft.° = 3.63 x 107 ft.>. Thus Ty = 3.63 x 107 days = 1.70 x

(DEIS, I, p. 9-112; II, p. K-14.)

Column 4 lists the values for the retardation factor, B= 1 + 1-8p K

(equation IV, section A). The porosity, O, for the Rustler
~aquifer is taken as 0.1 (DEIS, II, K-18): /4 is assumed to be

29/m3. Values for Kd are taken from DEIS, II, Table K-3, p. K-20.

Column 5 lists arrival times, AT, at the Pecos River computed as:

(AT)i = B. (5280) years.

Since (AT). = 15 mi./(i/Bi) and v .04 ft./day aor 15 ft./yr.

Column 6 1ists half- lives (DEIS, I, Table 9-44, 9-104).

Column 7 1ists computed discharge rates into the Pecos River (DRPR)
in units of {(uCi/sec), based on the release rate from repository
with an appropriate decay factor: (DRPR) = (RRR)E‘A(AT).
Column 8 lists the concentration in the Pecos River computed by
dividing the discharge rate by the volume flow rate of the river,
515 1/s (DEIS I, 9-116).

Column 9 lists peak values for concentrations in the Pecos River

as computed by INTERA and listed in BDM/TAC 79-156-TR, Appendix B,
P. B-4 through B-27.

1 b
! Y
i
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Discharge Rates into Pecos River, Concentrations for Daughter
Products

Discharge rates for a number of nuclides were not computed (column 7)
either because of relatively short half-lives, ar rather large B (Kd)
values or both (Ra-226, Th-229, Th-230, Np-237, Pu-239, Pu-240,
Pu-242, Am-243). However a number of these are produced as daughter
products of "traveling" parents and computations are then made on
that basis. For example:

U-234 (P) +>+ 1h-230 (D);
Th-239 (P) »++ Ra-226 (D);

Thus both Ra-226 and Th-230 will piggy-back on the J-234.

In the case of U-233, the repository is a source. Np-237 in the
repository doesn't travel because of a large B(Kd) value. However
Np-237 does produce U-233, which constitutes a second {(and larger)
source for that nuclide. Additionally:

U-233 (P) >+ Th-229(D).
In this case the Th-229 will piggy-back on a traveling parent, U-233.
Consider this series:

U-238 (4.8 x 109 yrs.
U-234 (2.4 x 105 yrs,
Th-230 (0.77%x 10° yrs.

Ra-226 (1.6%x 103 yrs.

T

For the first pair (U-238, U-234):

1]

146C
5.9 x 103 (uCi/sec)

Ay_p3g (repository)

RRR U-234

-11-



D.

2.

(from Table 1, column 2 and 3}. From section B, equation lII,

dN

J _ 0.893 . 6
Ay.234 dt 27E x 107 yr. % 146 €1 x 10
X yr.

0.315 x 108 sec.

= 1.3 x 107° uCi/sec.
This is <1/4% of RRR U-234, and is unimportant as a source term.

Now consider U-234~ Th-2305 A, _,5, = 870 Ci.

Compare the initial rate of growth of Th-230 activity with the
repository source, RRRyy 544- From section B, équation IIT,

dNrp-230 . 0.693 2

- _ x 8.7 x 10° Ci
_ Ap-230 T4t 0.77 x 10° yr.

6 . .
x 107 pCi/Ci x r.
0.315 x TOB sec

= 2.5 x 107% uCi/sec.

This is about 5 x RRRyp_pqq ( = 4.6 x 107

uCi/sec).

Thus not only is the radioactive decay of U-234 a larger source
term to produce Th~230 (compared to repository), but the uranium
also acts as a carrier.

The method ocutlined in section 8 is now used to compute the dis-
charge rate into the Pecos River.

First compute the total activity of the Th-230, distributed along
the 15 miles. The time of interest is the arrival time, AT, for
the parent of U-234, which is 1.0 x 105 yrs. (Table 1, column 5).

At t = 105 yrs., the activity of U-234 is:

-12-
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- X (AT)
Au234(t=0) © U-234
_ -0.693 x 10°
= 870 Cix exp 2 4 105
= 870 x 0.75
) = 652 Ci.

The activity of daughter Th-230 is given by (section B, equation VIII):

A _(p.693 _0.693
Th-230 _ 0.693/0.77 N A 22 A v
Ay-234 (6.693/0.77) - (0.693/2.4)
= 0.67.
Thus, - Arpiggp = 652 x 0.67 = 437 Ci at  5=10° yrs.

The distribution of this activity spatially over the 15 miles

is not uniform, but the gradient is not large. It can be estimated
by computing the rate of formation in (Ci/Kyr) at the Pecos River
(t=105 yrs.) vs. the rate of formation at the repository with

an allowance for a time interval of 105 hrs. to elapse.

Using section B, equation III, at the repository, at t=0:

dA

Th-230 - 0.€93 (870Ci) = 7.8 Ci/Kyr
2

dt .77 x 10° Kyr

Thus at the repository, at t=105 yrs., this would in effect be
diminished by the decay factor:

-.693x10° ). o 407
e X P 20.77 x 10°

or dArp_p30

qt 7.8(.407) = 3.2 Ci/Kyr at the

repository at t=105 yrs.
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However at the Pecos River, at t=105 yrs, from section B,
egquation V:

dA _ 0.407 _ 0.749
Th-230 _ f7.8 Ci 0.77 2.4 = 1.9 Ci/Kyr
dt yr ] _ 1
.77 2.4

Thus an inventory of 437 Ci of Th-230 is distributed along the

path from the repository to the Pecos River, with a spatial gradient
such that the relative concentration (Ci/mile) at the repository

is just %f%— = 1.7 x the value at the Pecos River. If the variation

is assumed to be linear with distance it can be shown that the

spatial gradient varies from 36.7 mg}e at the repository to 21.7 Ci/
mile at the Pecos River. (If_uniformity had been assumed, the value
~would be T%E%T%%E = 29.1 mg;e ) The linear speed of this activity
is computed as:
- _ T
BTh-230 0.396 x 10 0.528 x 10" ft./mile

o

[9.864 x 10° sec/day

0.221 x 10']4 miles/sec.

"

Combining the speed with spatial gradient one computes the discharge

rate:
- . 6 . ~14 .
mile Ci sec
= 4.80 x 1078 i
sec.
ODividing by the flow rate of the Pecos River, F = 515 £
sec

-

e
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_ -8 udCi
Cpr, Th-230 = 4-80 x 10~ &
5%
5.15 x 10° ==
= 0.93 x 1079 ueise.

The comparison value (Intera) li:ted in BDM-TAC 79-156-TR,
Appendix B8, B-12 is:

1.01 x 10719 g at t = 10° years.
T

The calculation for radium-226, the Tast daughter of interest
in the U-238 chain can only be approximated with the crude
model being used, in part because of its relatively short half-
life. However an upper 1imit can be estimated.

Since Ra-226 1swso short-]ived, it may be assumed to be in
secular equilibrium with its parent, Th-230. At or close to
the time t = 10° years, the parent activity is A;p 534 = 437 Ci
(see D.2.). In this case, use section B equation VII, to compute
the daughter activity:

ARa_226 = 437 (1.02) = 446 Ci.
The spatial distribution will be the same, virtually, as for
the Th-230. Thus at or near the Pecos River the spatial
gradient will be 21.7 x 1.02 = 22.1 ﬁ%%g If one assumes
that the Th-230 distribution has advanced to or near the Pecos
River, then the Ra-226 would move with greater speed, since
its B value is much lower {( ~ 450) than that for Th-230 (39,600).
The potential discharge rate into the Pecos River would be
the product of the spatial gradient and the speed of advance.
Thus:

DR = 22.1 x 10%6 K& 0.04 55; |
Ra-226 <X Mmile X ——: Y 3
450 5.28 x 10° ft./mile
X LE. = 4.31 x 1078 uci/sec.
8.64 x 10" sec./day

-15-



This must be considered an upper 1imit, since it is clear that
prior to the arrival of Th-230 to the Pecos River, the production
of the Ra-226 from the leading edge of the Th-230 would "race"
ahead of the thorium column, but would also undergo relatively
rapid decay {radium has a short half-life in this context of

1600 yrs.). Thus there would actually be some build-up of Ra-226
at or near the Pecos River over some period of time.

The discharge rate computed above must be compared with the total
production rate of Ra-226 from Th-230, to ascertain whether that
would constitute a rate-limiting process. Using section B,
equation IIIl:

dA

Ra-226 _ 0.693 (437 ci) (107° uCi) 8 sec
it 1600 yrs. Ci 0.315 x 10° 2&€

0.60 x 1072 uCi/sec.

Thus Th-230 is producing Ra-226 at a rate which is orders of
magnitude greater than the rate at which Ra-226 is leaving Th-230
as a discharge into the Pecos River.

An upper limit value for the concentration in the Pecos River is
computed by dividing the discharge rate by the river's flow rate, F:

c _ 0.431 x 1077 (uCi/sec)

[}

0.84 x 1078 (ucis1)

8.4 x 1077 (uciz1).

H

The l1isted concentrations in BDM/TAC 79-156-TR, Appendix B, B-13,
show increasing values up to the last tabulation for t=105 yrs. of
7.5 x 10710 (ucizi).

-16-




D.

4.

Consider Np-237 -»-»» U-233 as a source term for the U-233. The
repository produces a release rate for U-233 of 0.99 x 10'5uCi/sec,
and continues this for a dissolution time DT = 4650 yrs. For this
same time interval one may compute the activity of U-233 produced
by decay from the Np-237 inventory of 440 Ci.

From Section B, equation VI:

R, D 1 - e~(Rphplty,

In this case t (=4650 yrs.) is sufficiently small that (AD -Ap)t <<7,

Thus one may rewrite the above as:

{by expanding the exponential).

0,693 x 4560

Thus: A 3
1.6 x 10

u-233 = ANp-237 X

440 Ci x 0.020

1

8.86 Ci at t = 4650 yrs,

This is in effect to be added to the repository inventory of 1.46 Ci
for U-233. Thus the correction to the previously computed concentra-
tion in the Pecos River of 1.2 x 1078 uCi/i is:

-8 8.86 + 1.46 _ -
'I.ZX'IO X 1-46 -8.5)( 10

.

See the entry in column 8, Table 1 for U-233. Compare with the BDM,
Appendix B, B-25 value of 6.2 x 1078 (H%l).

-17-
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Consider Th-229 as the daughter of U-233. As the U-233 moves to
the Pecos River, it produces Th-229 which is then distr outed over
the 15 miles from the repository to the river (because of the large
B value for Thorium). To obtain the total activity of Th-229 pro-
duced by decay, it is first necessary to compute the total activity
of U-233 produced in t = 10° years by decay from Np-237. From
section B, equation VI: '

A A - -
u-233 _ XU-233 — X E_- e (ryl233 1Np-237)£]
Anp-237  Mu-233 T Pnpn237

at t = 105 yrs., with appropriate values for the i's;
A
U-233 < 9.356;
Np-237
- 5 - _ -0.693
at t = 107 yrs., ANp-237 449 x exp {}—§T-}

426 Ci.

Thus Ay_,55 = 151 Ci at t = 10° yrs. Since Th-229 is a short lived
daughter, it will be in transient equilibrium with U-233 and have
virtually the same activity of 151 C(i.

Thus the spatial distribution of the Th-229 is }%l m%{e = 10.0 mg}e

- 10 x 10° %%}E X

The linear speed of the Th-229 is 0.221 x 10 '% m%%%& (see similar

calculations for Th-230).

-18-



Therefore: DR 16.0 x 0.221 x 10714 x 106

h

PR

2.21 x 1078 uci/sec

8 T

_2.21 x 10°
and C 3 3

PR, Th-229 0.515 x 10"

= 4.3 x 10711 2l

1

Compare with BOM, Appendix B, B-26 value of 1.5 x 107! (uCi/1).

E. Comparison of I-129 and TC-99 with DEIS, I, for Discharge
Rate and Maximum Concentrations

The computed value for the discharge rate into the Pecos River
. - -4 uCi 5 sec _ :

for [-129 15-1.0 x_TO cec X 0.864 x 10 Tay - (uCi/day).

The value given as a maximum in DEIS, I, Fig. 9-14{(b}, 9-113 is

12.2 (uCi/day).

One may picture the time sequence for the sguare-wave calculation
and for the DEIS computation as follows:

13
....... 12.2 (DEIS)
10
Discharge e e - = = 8.6
Rate
(uCi/day)
5 e FEG calce. , square wave
model
0
y 5 R 15 20

Time from event (thousands of years)

Figure 3

-19-



For the concentration at the Pecos River, one may picture the

time sequence as follows:

Concentration 1.1x107%- - -
at a—DEIS, I, Fig. 9-20, p. 9-121
Pecos River -4
- - -« 0.9 x 10
for 1-129
and
Tc-99 _
(mostly ?§§u§?l°3332‘32d91)
Tc-99)
10 15

Time from event (thousands of years)

Figure 4
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F. Use of "Square Wave" Model to Calculate Dosages to Whole
Body and Organs

Scenario 4, Spent Fuel Assemblies at Malaga Bend

One may test the square wave model by combining Pecos River concen-
trations (uCi/1) with the assumed ingestion rate of 730 (1/yr.) to
obtain uCi ingested. The mrem dose will be spread over a time
interval depending on the t_ .. (effective half-life) for the
nuclide in the whole body {(or organ of interest). Conventionally

a 50 year commitment period is utilized. For nuclides like Tc-99
with rapid elimination (teff ~ 5 to 30 days), the dosage interval
virtually coincides with the ingestion time. For radium and
thorium with very slow elimination, the body {organ) content
diminishes slowly, and the dosage is spread over the 50 years.
Thus, the final computed dose is equivalent to mrem/yr. only for
rapidly equilibrated nuélides {(T¢c-99). For others, the designation
is the unavoidably awkward: mrem/per 50 yr. per uCi ingested.

If the ingestion is assumed to re-occur a second year, a third
year, etc., then the mrem/50 yr. will increase approximately
linearly with the total ingested number of uCi's, for radium and
thorium but not for Tc-99. (see Figure 5}.

Note the temporal relation between uptake rate I {(pCi/yr.) and
body or organ content q {pCi) for various nuclides.

Note that the DEIS, pages 9-122 and 9-123, uses the notation
"Dose rate (rem/yr.)" which is inappropriate. To be consistent
with its own source material it should read: "Dose Commitment/
one year intake" or equivalent.

21~



Muclide Teff I {uptake rate, uCi/yr.) q(>o0dy or organ content, uCi

—

ngiLiPriUm

—— — —

Tc-gg 5'30 d. I q

0 1 yr. 0 1 yr. 50 yr.
(thyroid)
[}
O P 0 1 yr. 0 yr.
v 15-300d . q
(bone)
2
0 1 yr. 0 t—— =
7 RS yrs.
" (kidney) I .
190 yrs. )
- X P 0 KT 50 yr.
Ra-226 44 yrs. I :
(bone) A
} 8
0 ‘l yf‘. U 1 yr‘. 50 yr.
Figure 5 \\‘: \: ;:f =
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Tables 2-8 include the following, column by column:

L. Lo L ‘
column 1: nuclide K;; é‘.'a)
T

column 2: concentration at the Pecos River in (uCi/1), as
computed by square wave model

column 3: mrem/uCi ingested, as tabulated in NUREG 0172 for
whole body {or organ); based on ICRP Renorts 2 (1959),
£ (1962) and 1C (1967).

column 4: col. (2} x col. . (3) x 730 #/yr = mrem/one year intake

column 5: compare with BDM/TAC 79~15€-TR, Rppendix B8 1listings,
pages designated

bottom of
page : compare with EIS-T1; 9-122, 123, maximum dose, upper
transmissivity assumption.

The tables give comparisons for 10 nuclides and for 8 organ
systems, where appronriate {(e.g. of the 10 nuclides only I1-129
contributes to thyroid dose). The nature of the concordance
between columns (4) and (5) follows that obtained previously
between Pecos River concentrations, "square wave” model vs.
computer listings in BDM, Appendix B print-outs. The ratios
of "square wave" to computer listings for doses vary from a
minimum of 1.2 to a maximum of 5.0 with a mean value of 4,0,

Comparisons {(for internal consistency) between DEIS maximum
values and BDM sums are generally good, with one exception: for
Lower Large Intestine [LLI], the sum of BOM listings is

mren 0.158 for the DEIS maximum value, a

0.124 T yr. intake vS.
difference of 24%.
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G. Comments

The square wave model yields results which differ from INTERA -
BOM 1istings {e.g. for maximum concentrations in Pecos River) by
factors ranging from 1.1 to 11.2 {for Radium~226) with a mean
value of 4.2 (see Table 1). <Considering the crudity of the one-
dimensional square wave model, this may be considered fair agree-
ment. The same degree of variation is present in the comparisons
of total body and organ doses (see Tables 2-8). Usually the
square wave model leads to a higher estimate, as expected.

Perhaps the most useful outcome of the calculations made is that

it permits one to put as a lower priority the question of the
validity of the methodology employed in the DEIS calculations of
nuclide concentrations and doses by ingestion. Instead one may
consider the key parémeters that lead to the final results. This
would include the Kd values which are responsible for holding-back
such nuclides as Pu, Np» ard Thorium. Also, one would include the
basic driving parameter, v, the assumed ground water flow velocity.
A thorough review appears to be appropriate to permit an assessment
to be made of the validity of the values actually employed in the
DEIS. Additionally, it is probably useful to examine the scenarios
used in the DEIS to consider whether indeed 'bounding cases' have
been included, as stated in the report.
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{ (
TABLE 1
MOVEMENT OF NUCLIDES FROM REPOSITORY TO PECOS RIVER (15 mi.)

Comparison of Peak Values with Intera (BDM** 1istings)

-Gz~

NUCLIDES ~ACTIVITY RELEASE RATE  RETARDATION  ARRIVAL TIME HALF-LIFE DISCHARGE CONCENTRATION  BOM
Ci FROM FACTOR B AT PECOS RIVER (YRS.)  RATE INTO IN PEAK VALUE
REPOSITORY AT (YRS.) PECOS RIVER  PECOS RIVER  (time, yrs)
) RRR (uci/s) DRﬁr uci/s) ngh_jpci/I)
Tc-99 6.8x10°  4.6x107° 1 5.4x10° 2.1x10°  4.5x1072  0.87x107} 1.2x10”%
(7000)
1-129 15 1.02x10"% 1 5.4x10° 1.6x10  1.0x10%  1.9x10”7 2.7x10°7
(7000)
Cs-135  1.5x10°  1.02x107° 270 1.5x10% 2.3x10%  0.65x107°  1.3x107°
Ra-226  1.26 0.86x10™° 450 2.4x10° 1.6x10°
6 -9 9
Ra-226" 16 4.3x10 8. 8x10 0.75x6?05)
Th-229  0.06 0.4x10°° 39,600 2.1x108 7.2x10°
Th-229" 1x10° 2.2x10°%  4.3x10” " 1.5x10'1§
(107)
U-233 1.46 0.99x10™° 19 1.0x10° 1.6x10°  0.64x107°  1.2x10°8
u-233" 19 1x10° 8.5x10"8 6.2x10"%,
(107)
U-234 8.7x102  5.9x1073 19 1x10° 2.4x10°  4.4x1073  8.5x107° I.Bxl?'ﬁs)
' , (10
U-235 7.8 5.3x10™° 19 1x10° 7x108 5.3x107° 1.0x10”7 0'24*225§y
U-236 1.4x10°  0.95x107° 19 1x10° 2.3x100  0.95x1073  1.8x107® 0.47x%o'§)
10
2 -3 5 4.8x10°  0.99x107°  1.9x10°® 0.37x1078
U-238 1.86x10°  0.99x10 19 1.0x10 : 3PA0)
* 5 5 -8 210 -10
Th-230 39,600 1.0x10 0.77x10°  4.8x10 0.93x10 1.01x%?05)

*as a daughter product

'repository plus parent

**Bp-TAC-79-156-TR,

Appendix 8, B-4 to B-27



NUCLIDE

I-129

Te-89

Cs-135

U-238

U-234

Th-230

Ra-226

U-236
U-235
U-233

Th-229

Sum

Also compare EIS, 9-122(a):

Note:

E 2

TABL

Whole Body - Adult - Drinking 730 1/yr

C (mci/1}
pr

1.9x10"7

0.87x107%

1.3x10°8

1.9x1070

8.5x10"°

0.89x10710

0.84x10708

1.8x10°°

1.0x10~7

8.5x10°8

0.88x10710

NUREG 1072 {(1)(2)x730{1/yr)  BOM 79-156-TR
m rem/S0y m rem/1 yr intake App. B
per Uci/vr m rem/1 yr intake
[
P. 3 p. o:cl;s
9.21 -3 - P
21 1.28X10 2.5x10° . { 88
2 <5
5.02x10 -3 -3 3
21 3.19x10 5.5x107° 5 108 )
7.99 - 7.58x10™3
1.5x10% Yr's
4.56x10 o, 6.30x107 1.27x107 & 100
0% 2 2
5.17x10 23 32.x10 7.0x10 B-132
-6 : -6
5.70x10 s 3.7x10 7.9x107% o g
5
2.2x10°  pq 1.35 0.29 5148
-
4.96x10 6.52x1072 1.8x1072 -
' 23 : - B-172 C
4.86x10 3.55x103 0.98x10"3 <
- 00X 23 . : B-204 3
+D o
5.28x10 ,,  3.28x107 2.65x107% | 500
3.0110% 2.51x10™° 0.81x107° ;¢
COMPARE
1.80 m rem 0.394 m rem
1 yr int 1 yr int
0.399 m rem
1l yr int

Ra-226 accounts for 75% of total!!
*Includes effect of daughters

-26-




TABLE 3
Bone - Adult - Drinking 730 1/yr.

NUCLIDE Cpr Luci/1) NUREG 2172 {1){2)x730{1/yr) BDM 79-156-TR

m rem/uci m rem/l yr intake App. B,
intake
oy
7 > 4 ' © 5
1-129 1.9x10 3.27 ’1 4.54x10 9.45x107" o oo 8%
) -4 -1 -2 -2 < o
Tc-99 0.87x10 1.25x107" 5, 0.79x10 1.38x107 5 oo 3
U-233 8.5x10"8 8.71x10% 5.40%10~2 4.16x10"}
. 23 : ' B-226
-6 2
U-234 8.5x10 8.36x10° 4 5.19 1.13 B-130
-7 2 -2 -2
U-235 1.0x10 8.01x10° 54 5.85x10 1.50x10™° ; o0,
-6 2
U-236 1.8x10 8.01x10° 5, 1.05 0.289 B-170
-6 2
-238 1.9x10 7.67x10° 5, 1.06 _ 0.214 8-122
-10 3 -4 -4 -
Th-229 0.88x10 7.98x10° ,, 5.13x10 1.66x107" 5 2, "
<
-10 3 -4 -4
Th-230 0.89x10 2.06x10° g 1.83x10 2.88x107" 5 a0 3
Ra-226 0.84x10°8 3.02x10° 1.85 0.403
D /- : 23 y y B-146 “}
COMPARE
Sum 9.26 mrem _  2.09mrem
1 yr int 1 yr int
L£18-1, 9-122(d): 2.09 m rem
. 1 yr int

U-234 accounts for 55% of total.
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NUCLIDE Cpr (Uei/1)

TABLE 4

Thyroid - Adult - Drinking 730 1/yr.

1-129 1.9x10°

EIS-I, 9-122(b):

7

NUREG 0172 (1)(2)x730(1/yr)

BOM 79-156-TR

m rem/yci m rem/1 yr intake App. B
intake
3 p. p.
7.23x10 21 1.00 1.86 B-101
COMPARE -
1.88 m rem
yr

-28-
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Liver - Adult - Drinking 730 1/yr.

TABLE 5

b

74

VY

Al
o,
5 MN‘%
g

*No values for liver for U are listed in NUREG Q172.

-29.

NUCLIDE  Cpp (uci/1)  NUREG 0172 (1)(2)x730(1/yr)  BOM 79-156-TR
m rem/uci m rem/1 yr intake App. B
intake mrem / 1 yr
intake
7 P
1-129 1.9x107 2.81 3.90x1074 8.26x107% o
B-99 | &
Tc-99 0.87x10™* 1.86x10"! 1.18x1072 2.05x107° 28
: - : : g-107f S8
<
:n'S o
Th-229  0.88x10™™0 1.19x10% 0.76x10" 0.25x10™ B_Z;;\\ '
Th-230  0.89x1071° 1.17x10° 0.76x107° 1.61x107 ¢ 1o
Ra-226 0.84x10™° 5.74 3.52x107 1.66x10™° ;1,0
(o
u-238"  1.9x107° 3.68x107 &_ .
(o)
u-234"  8.5x107° 1.19x107° B
<
U-236 1.8x1078 9.0x10™° 2
* -7 -5
U-235 1.0x10 7.08x10
* -8 . |
U-233 1.2x10 ) 1.31x10
COMPARE
Sum 2.58x107% at t=10° yrs.
EIS-1, 9-123(a): 2.72x107



TABLE 6

Kidney - Adult - Drinking 730 1/yr.

NUCLIDE cpr {uei/)

7
1-129 1.9x10

-4

Tc-99 0.87x10

-8
U-233 8.5x10

-6
U-234 8.5x10

-7
U-235 1.0x10

-6
U-236 1.8x10

-6
U-238 1.9x10
Th-229 0.88x10" 0
Th-230 0.89x10" 10
Ra-226 0.84x10°8
Sum

—

EIS-I, 9-123(b):

NUREG 0172  (1)(2)x730(1/yr)  BDM 79-156-TR
m rem/uc m rem/ 1 yr intake App. B
intake m rem/l yr intake
p' -4 _4 p'
6.04 ’1 8.4x10 16.5x107 .10,
-1 1
2.34 ’ 1.49x10 2.58x10™ § 110
2 -2 2
2.03x10° 4 1.26x10 0.98x10 3_23;\\\
2
Loox10° 1.23 0.27 513
1.87x10° 1.36x107% 0.36x1072
: 23 : ' B-206
1.91x10% 2.51x107} 0.69x10" -
' 23 ' : B-174
1.75x102 2.43x107! 0.49x107}
: 23 ‘ : B-126
2 -5 -5
5.75x10° s 3.69x10 1.20x107 5 a0
2 -5 . -5
5.65x10° s 3.67x10 7.78x10™ 14
2 3 -3
1.63x10° . 1.00x10 0.23x10 s—lsq’,)
COMPARE
1.75 &9 0.402
0.408

U-234 accounts for 67 to 70% of total.
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TABLE 7

Lung - Adult - Drinking 730 1/yr

NUCLIDE cpr {uwci/1) NUREG 0172  (1)(2}x730(1/yr)

BOM 79-156-TR

m rem/uci m rem/1 yr intake App. B
intake 1 vr intake
p. 0 T
1'129 1 9x10‘7 * * 1 01 10‘4 ) 88
' ST g3 88
-4 ~2 -3 -3 38
Tc~99 0.87x10 1.58x10 21 1.00x10 1.74x10 B-111
COMPARE

*No value listed for I-129/Lung in NUREG 0172,
EIS-I, 9-123(c¢}

U-238 1.9x10°8
-6
U-234 8.5x10
Th-230 0.89x10"10
Ra-226 0.84x10™8
-7
U-235 1.0x10
-8
U-233 8.5x10
Th-229  0.88x10710
6
U-236 1.8x10
Sum

2.45x10"% at t=10° yrs.

w

p.
-5

.19x1078

p—t

B-135

.3:(10-10

o |

8-143
.99:1(10'6

o

B-151

-5
7.08x107° | 0o

-4
1.31x10 B-23]
8

3.11x10 B-239

-9
9.0x107 ¢ 17

2.49x1072

No values of m rem/uci intake for Lung are listed for U in NUREG 0172.
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TABLE 8

Lower Large Intestine (LLI} - Adult - Drinking 730 1/yr.

NUCLIDE  C__ fuci/1)  NUREG 0172 (1)(2)x730(1/yr)  BOM 79-156-TR
pr m rem/uci m rem/1 yr intake m rem/1 yr intake
intake
7 -1 5 5 ° W
1-129 1.9x10 4.44x10 6.16x10 21.5010™ 100 |88
-4 -1 -1 o2
Tc-99 0.87x10 6.08 3.86x10 6.71x107 ¢ 1, J5 g
-8 6.27x10" 3.89x1073 3.12x1073
U-233 8.5x10 : : : B-232
U-234 8.5x10™° 6.14x10" 3.81x10°} 0.83x107" 5 136
-7 1 -3 -3
U-235 1.0x10 7.81x10 5.70x10 1.53x107% 5 o
U-236 1.8x1070 5.76x10" 7.57x10°2 2.08x1072
B-175 |
U-238 1.9x107° 5.50x10" 7.63x1072 1.54x1072 5
. L] . - 8‘128 *m
-
Th-229 0.88x10710 5.12x10° 3.29x107° ST
Th-230 0.89x107 10 6.02x10" 3.91x107° 8.30x10° & L0
-8 2 -3 -3
Ra-226 0.84x10 3.32x10 2.04x10 0.452x107°; ¢,
COMPARE
sum 0.545 0.124
£1S-1, 9-123(d): 0.158 m rem
yr
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APPENDIX VII
OPERATIONAL AND LONG TERM RELEASE CALCULATIONS

ITtem VII-A

Annual Dose Commitment at James Ranch
from Routine Operation Releases

The Draft EIS uses the Releases to the Environment tabulated in
Table 8-6 to calculate doses at James Ranch (3.0 miles south-
southwest of the center of the site) in Table 9-18. The follow-
ing calculation is based on Table 8-6 and the extrapolated

%/Q value from Table H-36.

Dose = (6) Q (inhalation per year) (Dose Commitment Factor)

adjusting for units

3 .
X m” . pCi 1 Ci [mrem
Dose (Q )(y intake) =7 s IQ v (pC1 1ntaE§§]
y

%Jm

. (6.2-7)(7.3+3)(1+12) pCi Ci_mrem
Dose = - aLE T [0 x 0CF) gy
= mrem
pose =(1.44 +2) (0 x cF) ZrEm

Dose commitment factors are from NUREG-0172, Table 8.

Values of Q x DCF are tabulated on the following page for signifi-
cant radionuclides from Table 8-6.



TABLE VII-A

Organ Dose Commitments at James Ranch from Routine Releases

Nucliide ] Bone Lungs Whole Body
{Ci/y) DCF Q(DCF) DCF Q(DCF) DCF Q{DCF)
mrem (T mrem mrem €1 mrem Ci Li mrem
3 S pCi pCi_ ¥y pCi pCi "y pCi pCi v
H 0.45 - - 1.58-7 7.1-8 1.58-7 7.1-8
85, . 7.8 - - 2.41-9  1.9-8 - -
238Pu 2.3-5 2.74 6.3-5 .182 . 4,3-6 6.92-2 1.6«6
239Pu 2.6-4 3.19 8.3-4 172 4,5-5 7.75-2 2.0-5
240Pu 6.4-5 3.18 2.0-14 LA72 1.1-6 7.73-2 4,9-6
AN 241, 3.5-3 6.41-2 2.2-4 1.52-4 5.2-7 1.29-3 4.5-6
[}
24]Am 4.3-6 1.0} 4,3-6 6.06-2 2.6-7 §.71-2 2.9-7
244Cm 9.5-7 5.90-1 5.6-7 6.06-2 5.8-8 3.51-2 3.4-8
L(DCF)Q 1.31-3 5.12-~5 3.13-5
30 vear dose. (1 4442)(qxDCF)= 0.19 mrem 7.4-3 mren 4.5-3 mrem
= 1.2-4 rem 7.4-6 rem 4,5-6 rem
?%;g];a;gsg) = 1.5-4 rem 7.1-6 rem 3.8-6 rem
Yatio ggésv;?l:e 0.8 0.96 0.84
)



Item VII- B

Operation Accidents - CH-TRU Waste
Scenario C-7

The activity released and the resulting doses due to operational
accident Scenario C-7, Surface Fire (1 hr.), have been evaluated.

The basic assumptions or model of the scenario are given on page
9-50, DEIS and summarized below.

Assumptions

1)

2)

3)

5)

6)

It takes one hour to put out the fire.
25% of a typical drum is combustible.

1% of the activity in the combustible waste is released in
respirable form per hour,

One drum burns, the two adjacent drums burst exposing contents
which do not burn, only 10% of spilled contents is powder.

A total of 0.0014% of each of the two adjacent drums is
respirable and released,

The double HEPA filter bank has a decontamination factor of

108,

Based on the CH-TRU inventory given on page E-2, DEIS, the
following analysis may be made:



Analysis Table VII-B

Amount of Radiocactivity Released
in C-7 Suyrface Fire

Isotope Ci/drum Respirable Release Adjacent Decon Ci

(Pg. E-2) Fraction 2 Drums Factor  Released

(0.25% +  2(0.0014%)] x 10°% =
Pu-238 4.1 x107°  1x 107 1148 x 1008 1078 1 10710
Pu-232 4.8 x 1070 1.2 x 1073 1.3 x 02 107 1241070
Pu-240 1.2 x 1070 3.0 x 107 3.36x10°% 0% 3.0x107'0
Pu-241 2.9 7.25 x 107 812 x10°% 10 7.3x107
An-241 7.8 %107 1,95 x 107 218 x 107 10 197 x 107"
Total 3.5 | 8.9 x 107
DEIS (Table 9-23, Page 9-51) 8.8 x 107

The curies released due to the accident scenario C-7, Surface Fire
calculated above is the product of the curies per drum times the sum
of the fraction released from the burned drum and two adjacent
damaged drums times the decontamination factor.

The curies released to the environment are then dispersed and
diluted by using AIRDOS-II in the DOE analysis (page 9-54, DEIS).

In order to evaluate the doses due to the releases given in Table
9-25, page 9-56, DEIS, an independent calculation was made using the
same procedure as in Item VII-1, with dose commitment factors from
NUREG-0172. For a (x/Qgqy of (s.e-s)ig the dose is:

(5.8-640.83)(1+12)
(3.6+3)

Dose: [Q(DCF)] =(1.34 + 3 [Q(DCF)]

Doses are calculated on Table VII - 3 for the James Ranch. The
maximum dose at 0.5 miles is also calculated (%)
public could be at this location.

max because the



Table VII-C

Jose Received at James Ranch From
Radioactivity Releases in (-7 Surface Fire

Nuclide 0 Ci Bone Dose Lung Whole Bod

DCF Q(DCF) DCF QUDEry. f)TZF—ﬁ%EC_FT
238pu 1.0-10 2.74 2.74-10 .182 1.82-11 6.92-2 6.92-12
239, 1.2-9 3.19 3.83-9 172 2.06-10 7.75-2 9.30-11
240pu 3.0-10 3.18 9.54-10 172 5.16-11 7.73-2 2.32-11
24]Pu 7.3-9 0.064 4.68-10 1.52-4 1.11-12 1.29-3 9.42-12
241Am 1.9-11 1.01 1.92-11 6.06-2 1.15-12 6.71-2 1.27-12

'EQ(DCF) = 5.54-9 2.78-10 | 1.34-10 |
50 year dose commitment = 7.4-6 mrem §;Z:1:mrem 1.8-7 mren
= 7.4-9 rem 3.7-10 rem 1.8-10 ren

DEIS value (Table 9-25) =  5.5-9 rem 2.7-10 rem 1.3-10 rer
Ratio Dei>Yalle = 0.7 0.73 0.72
Dose at 0.5 mile = 1.4-6

rem 7.1-8 rem 3.4-8 rem

——
e

I




Item VIT-C

Operational Accidents
Underground Container Failure (hoist drop - R15)

One of the potentially more serious operational accidents
with WIPP is described in the DOE DEIS is the hoist drop
accident involving a spent fuel canister. The assumptions
made are:

1} 0.1% of contents crushed into particlies 10 microns or less;
2) Duration of accident - 6 hours;

3) Multiplying 0.84% (6 x 0.14%/h) by the powder inventory
will give the airborne and respirable release of all iso-
topes except k-3, Kr-S3, I-12C;

4} 30% of H-3, Kr-85, 1-129 released during first hour.
5) Gases not retained by filters; and

6} Double HEPA filter bank gives a decontamination factor of

108,

Table VII-D, entitled "Hoist Drop Accident", details the calcu-
lations going from the spent fuel isotopic inventory to curies
released. The results agree with those presented in the DEIS
(Table 9-24) for the hoist-drop - spent fuel accident.

The dose that would be received by an individual at the James
Ranch was then calculated using the assumptions in the DEIS.
The equations used in this calculation are given below. The
resulting doses are shown in Table 11 of the main report.



Intake

#

Io

i

Io

Where

X/Q

fa

1l

Intake and Dose Equivalent or Dose Commitment
Equations for R-15 Accident

intake in uCi

. 3 X
D) x/Q (35) 8 (B x %) x 1088 fa
m

gquantity in curies released divided by the sec of
release.
0.58 x 1072 s/m3 given in Table 21, vage 26 of
Appendix H, Annex 1 DEIS.

air intake, brea%hing rate 20 m3/d release of 6 hours
(6/24). 20 = 5m

fraction inhaled which reaches critical organ.

Dose Commitment

DE

DE

Where DE
74

ZE(RBE)n

50 year dose commitment from short term intake.

_ 74 1o T ZE(RBE)n [y, -0.693 t,

m T

rem (50 year)
51 rem.dis.g
(ﬁI6§3 e - 'u 1)

= affective half life, days.

effective energy
= time of exposure 50 years, (50 x 365 days)

= mass of critical organ.
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Table VII-D

Hoist Drop Accident R-15

Respirable Respirable air- gas

Table E-5 Dust borne Dust fraction 10_6 Cq
Isotope Ci/Canister 0.001 0.0084 0.3 decon* released
(ci) (ci)

H-3 150 ; ] . a5
Kr-85 2600 - . - 780
Sr-90/Y-90 3x10% 3x10! 2.52x107 - 2531077
Ru-106/Rh-106  2.3x10° 2.3x107" 1.93x1073 I T
I-129 1.5x1072 - " - - a.5xq0°°
Cs-134 4.3x10° 4.3x10° 3.6x1072 - 3.6x1078
Cs-137/Ba-137m  4.0x10% 4.0x107 3.36x107) - 3.36x1077
Pm-147 3.6x103 3.6x10° 3.02x1072 - 300078
Eu-154 2.4x10° 2.4x10° 2x1072 - 2.0x10°8
Np-237 1.6x1070  1.ex107% 1.34x1076 - .30 t2
Pu-238 1.3x10° 1.3x10° 1.09x1072 - taxoe8
Pu-239 1.5x10° 1.5x107] 1.26x1073 - 1.26x107?
'u-240 2.2x10° 2.2x107" 1.84x1073 - 1.8x107°
Pu-241 3.1x10% 3.1x10! 2.6x107" - 2.6x1077
Pu-242 6.7x107"  6.7x107% 5.6x10"° - 5.6x10712
Am-241 6.7x10° 6.7x107" 5.6x10"3 - 5.6x107°
Am-242m 4.0 4.0x1073 3.36x107° - 3.38x107
Am-243 9.1 9.1x1073 7.6x107° - 7.0
Cm-243 1.5 1.5x1073 1.3x1072 - 1.3xa0T
Cm-244 8.8x10° 8.8x10™! 7.39x1073 - 7.4x07°

Comp:irass to table 9-24

*Particulate Decontamination (10-6)

Spent Fuel Hoist drop.



Item VII-D

Scenario 5 - Indirect Pathways Calculation

The DEIS calculated the doses from inhalation and ingestion path-
ways to an individual 1living 500 meters downwind from a drilling
mud pit that was contaminated with CH-TRU or spent fuel. A pro-
cedure is presented on page K-22, K-23 for this calculation. However,
the following calculation will attempt to check this result by an
alternate procedure, using x/Q values from H-36.

For the CH-TRU waste case with a 10-inch drill hole, the following
assumptions are used:

p, do, K,-A: same as on K-23

u : 2.25 m/s

x/Q : (2.3-4)s/m3 extrapolation from 800m to 500m

2 . .

assuming ( ) relationship

Ci/g sample: average concentration from Table E-1 times
a sample size of 142% (9.12 inch diameter
hole drilling through 11 feet of drums).

Quantity of mud: 100 tons (p. 9-124).

0.48Ci
208z _(1424)

Curies/gram of Pu-239:
100 tons (2000 ton)asa?--

-

2
Ci Pu-239 in top cm of mud: 66.9m% (107 SP-)(1 cm depth)? &-;(3.61- 9 i)
m ) cm

(4.83-3)Ci

Ci
- (4.83-3)Ci (]0-13)1 (% 25) (5.51-15);—

mln

Source Term, Pu-239



Dose i (Q)(inhalation)DCF

3
pC1 mrem, _ _pamrem
(2.3- 4—7)(5 51-3=—)(7. 3+3y )(3. ]ng1 ——) ={2.95-2) v

. _5 rem
(3.05 )—Y"
Dose from other actinides, besides Pu-239, are tabulated below:

Table VII-E

Indirect Pathways Doses - Scenario 5§

Nuclide Ci/drum Ci/142% (DCF) Q(DCF)
t =0 t = +100y -

Pu-238 041 .018 .012 2.74 3.29-2

Pu-240 12 12 .082 3.18 2.61-1

Pu-241 2.9 .015 .010 .064 6.4-4

Am-241 .0078 .078 .053 1.01 5.3-2
TQ(DCF) = 3.47-1

Pu-239 .48 .48 .327 3.19 1.04

Totale0®:(2.95-5) 88 (1233) = (3.93-5) = (3.9-5)IEL gone Dose.

This value is close to the value of (3.6-5) rem/y used in Table
9-48 of the DEIS. '

It is noted that the X1 factors listed on the bottom of page K-23
cannot be obtained from the equation and assumptions at the top
of the page without choosing a value for u, the mean wind speed.
The value of 2.25 m/s used in the above calculation is reasonable
based on the data in Appendix H (although perhaps lower than the
site average) and gives agreement within 10-15%.
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Ttem VII-E

Scenario 5 - Drill Back Accident
Occupational Dose Evaluation

The accident scenario described on pages 9-124 to 9-126 was eval-
uated to check the reasonableness of the calculations. Data,
and source inventories from the DEIS are used and referenced.

Mineral Exploration Case - Spent Fuel

1)

2)

3)

The volume of waste in a geological core with a 14 foot
fuel rod is:

2.12)2 2

_ 1 L. .
V=g (555)° £t 14 ft] 28.3 3 7 9.8 liters

which agrees with the 10 liters used in 9-124.

The drill recovers only a fraction of the fuel in an assembly.
If the dimensions of an assembly are 8.5 inches square
(NUREG-0116, p. 3-8) then

H2.12)?

F = ?5?27?—_ = 0.049 of contents in one assembly.

The dose rate was established by using the inventory in

Table E-5, page E~6 of the DEIS and calculating the amount
present at 100 years after emplacement {i.e. t + 110 years
after removal from reactor). Exposures at 1 meter per curie
per hour were obtained from the Radiological Health Handbook,
1979 edition, page 130 or the relationship:

(1) Ry, at 1 foot = 6 Ci {mev/y)(No. of /disintegration)

-11-



‘?xa) Bremsstrahlung was also calculated for Sr-90, Y-90 and Cs-137
- and considered for other Beta emitters. The expression:

1)

(2) f= 3.5 x 10'4 ZE where f fraction energy to photons
Z = atomic number absorber
E = maximum Beta energy

gives the amount of ¥ energy from the beta decay. This

value is used in expression (1) to calculate the dose rate at

1 meter. Uranium Oxide, with a Z = 82.2 was used for Z.

5) Ingrowth of 241Am from decay of 24Ipu was also calculated
using the expression:

'X - - -
(3) A, = L (e™MF _eTP2%) + A, e7h2t
2 1
- O
for 241Pu A1 = 3.1 x 104Ci; for 241Am, A; = 6.7 x 102C1

at + 100 years:

ap. = 0.0015]

> = TGETg (3.1 X 104)(.005-.360] + 6.7 X 102(.35) =

1350 Ci of 24]Am

6) Most radionuclides in Table E-5 were eliminated by inspection,
because of short half-lives and concentrations that appeared
to make the contribution to the does rate negligible.

The above procedure gives an external radiation dose of about 71
rem to the maximum exposed individual with the assumption given
in Scenario 5. This is about 20% below the value given in Table
9-47 as an approximation. The reason for being fhis far below is
not known; there appear to be no other nuclides in the inventory
that would make much difference.

-12-



It is noted that if the time were taken as 100 years after
removal from the reactor (rather than 110 years as used here)
then the total would be 90 rem.

Conclusion. Agreement on the maximum dose to a drilling crew
member is sufficiently close so that the conclusions drawn about
the sericusness of such an accident remain valid.

Table VII-F

External Dose Rate From Fuel Assembly Radionuclides

Nuclide Ci(R+10) T%{y) Ci(R+110y) Exa}hfg?tor AssgggﬁyRates §a;§?e
13565 - - 1.5 - 4 - - -
137 4.0 + 4 30.1 4.0 + 3 0.33 1320. 64.6
154, 2.4 +3 16 3.1+ 1 0.62 19.2 0.9
85Kr 2.6 +3 10.8 4.2 + 0 0.013 .05 -
241 5 6.7 + 2 458 1.35 + 3 0.012 16.3 0.8
244, 8.8+ 2 17.6 1.7 + 1 0.00001 - -
234U 3.9 -1 2.5+5 3.9-1 0.010 .004 -

Bremsstrahlung Radiation

905r 3.0+ 4 28.1 2.55 + 3 0.0016 4,2 0.2
90Y 3.0+4 (28.1) 2.55 + 3 0.034 85.8 4,2
]37CS 4.0 + 4 30.1 4.0+ 3 0.0034 7.0 0.4

Dose = 71.1

|

-13-
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Mineral Exploration Core - CH-TRU Waste

1)

Check volumes used on 9-124 (8 liters in sample.
Assume drill through either 4 levels of drums or 3 of boxes.
2

_ n,2.12 2 ft £ _

Verm = [I(qT?H) ft~ corel{2.75 drum (4 drums)]28.3;¥§ = 7.64%
- 3.8 ft of box (3 boxes), _

Vbox 7.6420 11.0 ft drums 3= 7.942

So the use of an 8 liter sample is reasonable.

Since the average drum (p. E-2) has a higher concentration of
plutonium than the average box, the drum case will be used.
From p. E-6 the only external dose would come from the Am-241
that is present or which ingrows from Pu-241.

0.00151 , .. i
A = (Ci Y[.005 - .860) + (7.8 - 3) .86 Ci
241, = -.0510 281, 241,
. ) _ 2.9Ci .
Ci 241Pu in waste = SHar— (82) = 0.112
ci 281, in waste = 29078 (g) - g 0003
at t+100 yrs  A,,, = .00284 + .00026 = .0030 Ci
Am

. (3.0~ 3) - :
Dose: ('T"—g's'—';——g)' (]6-3) = (35.6 -6) = (0.036 - 3) Rem from 241Am

{Table 9-47 uses 1.0 - 3).

Note (from SAND 78-1850 pp. 21-23) a drum could have <200 gm Pu
or 25 times the average. If one of those were struck +3 average
drums the dose would be:

(3.6-5) (224

37 } = (2.5 - 4) Rem from 241Am.

An inspection of nuclides distribution on pages E-36 and E-37
indicates that the only non TRU gamma emitter of possible
significance is 137Cs. 6.08 Ci of Ja?Cs are distributed in

7 467,323 cubic feet.

-14-



137

13765 per 8% = 6.08 Ci (82) =(3.68-6)Cj Cs in sample

- (4.67 + 5 ft5)(2.83+1—%
P

at +100 years =(3.7-7)Ci in sample.

Dose = (3.7-7)0.33 =(1.2-7)Rem from ]37c5

(224) 137

If concentration is ~35) average; Cs = (8.6n7)3§
m

137

So Cs dose is negligible compared to 241Am.

Conclusion. The calculated dose in Table 9-47 for CH waste appears
to be accurate and perhaps slightly conservative,

-15-



Item VII-F

Scenarios 1-4 (Hydrologic Breach)

Scenarios 1-4 {section 9.5.1) are similar in that all involve

the formation of a hydrologic connection between the repository
and the Rustlcr aquifer, after the repository is sealed. In

each case, the breach results ‘n dissolution of the waste, passage
of the waste into the Rustler aquifer, and paésage through the
Rustler into the Pecos River,

The three-dimensional model used in the DEIS analysis of nuclide
transport in the Rustler was developed by Intera Environmental
Consultants. EEG used a simple "square wave" model, described in
Appendix VI, to gain a better understanding of the key features of
the Intera model and to check some of the DEIS results. Appendix
VI includes an application of the square wave model to scenario 4.
In this section, the square wave model is outlined briefly and its
application to scenarios 1-4 is discussed.

The model assumes that the waste dissolves at a constant rate and
enters the Rustler at this rate. Each nuclide then moves toward
the Pecos River at a rate equal to the Rustler velocity v, divided
by a retardation factor:

1 -0
B - P K
5 d

where 8 is the porosity of the Rustler aquifer, ~ is the bulk
density of the Rustler aquifer and Kd is the distribution
coefficient associated with adsorption of the given nuclide onto
Rustler rocks. The values used for 8 and~ are 8 = 0.1 and &= 2
(g/ml).

Distribution coefficients used in the DEIS are l1isted in Table K-3,
p. K-20. ‘The large uncertainties associated with these parameters
are discussed briefly in Item VII-I of this Appendix.)

(;% éff -16-
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Thus each radionuclide has an arrival time (AT) at the Pecos
River, 15 miles from the repository:

AT = 15 mi/{(v/B).

(Earlier arrival times for nuclides produced by radioactive decay
of other nuclides are discussed in Appendix VI.)

Each radionuciide has a release rate from the repository (RRR):

RRR = Yrepository inventory activity (Ci}
Total dissolution time (sec)

where the dissolution time (DT) is given by:

DT = repository volume
dissolution rate *

The repository volumes from the CH and RH levels are:

CH volume
RH volume

8,000 x 1,200 x 16.5 ft (K-22)
930 x 930 x 42 ft (K-21).

Radionuclide concentrations in the Pecos River (CPR) at the nuclide’'s
arrival time (AT) are found from:

R~ 515 1iters/second

Cp

where X is the nuclide's decay constant and 515 1/sec is the flow
rate of the Pecos River (9-116).

Table VII-6 summarizes the Rustler velocities and dissolution
rates characteristic of the different scenarios. Table VII-H
lists dissolution times and selected arrival times for scenarios 1
and 4.
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Table VII-G

Rustler Velocities and Dissclution Rates

Fluid Velocity v

Scenario in Rustler (ft/yr)* ¢H RY
1 17.5 .33 .84
2 15 .15 .39
3 15 .057 .012
4 15 81. 21.4

Dissolution Rates (ft3/day)**

.

% 1t

Fluid velocity through the Rustler aquifer for the upper-trans-
missivity bound is roughly 0.04 ft./day" {(p. 9-112); that is 15 ft./
year. "In scenario 1, some fluid from the Bell Canyon aquifer is
added to the Rustler aguifer; after this addition the fluid velocity
in the Rustler aquifef increases slightly -- roughly by a factor of
1/6 (p.9-109). Thus the Rustler fluid velocity in scenario 1
becomes (15 ft/yr) x (7/6) = 17.5 ft/yr.

**In scenario 1, a torehole through the repository connects the
Rustler (upper) and Delaware Mountain Group (lower) aquifers. Water
flows from the Tower to the upper aquifer, dissolving 54 ft3/day of
the salt and waste bordering the borehole (9-111). The fraction of
dissolved material which is from the CH repository level is the ratio
of the CH level height (16.5 ft.) to the borehole length (2,700 ft.);
i.e. 54 x (16.5/2700) ft/day or 0.33 ft3/day of material from the
CH level is dissolved. Similarly, 54 x (42/2700) ft3jday or .84 ft3/
day of material from the RH level is dissolved. For scenario 2, the
DEIS states that "The waste-dissolution rate for Scenario 2 was
calculated to be less than that for Scenario 1 by a factor of 2.17"
(9-109). This was used to calculate the scenario 2 dissolution rates
given in Table VII-G, However, these rates add up to 0.54 rather
than the total 0.64 ft3/day given in (9-112; 2)}). In scenario 3,

the rates at which diffusion brings waste and salt into the Rustier
are given as 0.057 ft3/day for the CH repository level and .012 ft3/

day for the RH level (9-112), Scenario 4 is discussed in Appendix V ﬂﬂ
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Table VII - H

Migration and Dissolution Times

Arrival time (AT) at

Pecas River, {(yrs.) if: Dissolution time (yrs,)
Scenario Kd=0 Kd=1 Kd=10 CH RH
1 4.5x10% g.6x10% 8.2x105 1.5x106 1.2x10°
4 5.3x10°  1.0x10° 9.6x10° 6§.0x10° 4.7x10°

-19-



Ttem VII- G

Hydraulic Conductivity, Interstitial Velocity
in the Rustler Aquifer

Notation: ¥ = interstitial velocity [ ft/day ]
K = hydraulic conductivity [ ft/day)
6 = porosity

Ah = change in head {difference between heights of
potential lines) [ ft ]
distance over which Ah is calculated. [ ft 3]

AL

Formula for interstitial velocity:

- _ K . h
V=8 &2
{see, for example, Mercer and Orr, 1977, p. 17).

Calculation of v, from DEIS information:

Let K = 1 ft/day (Fig. K-7, vicinity of WIPP)
@ = 0.1 (Table K-2)
Ah = 3200-2900ft
= 300 ft _
AL = 15 mi (Fig. K-3, Fig. K-5)
= 79,200ft.
Then ¥ = = 300

T * 79,200 ft/day
0.038 ft/day.

Compare with the DEIS value of 0.04 ft/day (9-112).

«~20-




This calculation suggests that the interstitial Rustler aquifer

velocity of .04 ft/day, taken as an upper bound in the DEIS, is
not conservative,

1} Figure K-7 gives hydraulic conductivity values in the Rustler
which are Towest (1 ft/day) at the WIPP site and increase
after that.

2) A 1977 Mercer and Orr report used in the DEIS transport
modeling, gives the average hydraulic conductivity in the
rustler as 16 ft/day and the average interstitial velocity
as 0.5 ft/day.

3} Transmissivities reported in a Tater Mercer and Orr report
(1979) range from 10'4 to 140 ft2/day and translate to a
hydraulic conductivity range of 5 x 10'6 to 7 ft/day. The
highest conductivity value measured in a well near WIPP is
2 ft/day (for hydrologic hole H-3 in WIPP Zone II).
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Item VII-I

Variability in Kd Values;
Effect on Radiation Exposure

The low radiation doses calculated for the hydroleogic breach
scenariaos result in part from the fact that the Kd value assumed
for plutonium retards the rate at which plutonium travels in
groundwater by a factor of 37,800? Thus, by the time it reaches
the Pecos River, the Targe initial inventory of plutonium (in
spent fuel or transuranic waste) has decayed to an insignificant
guantity. In fact, the only significant nuclides that are not
retarded by adsorption are iodine and technetium, and the smallest
retardation factor for other nuclides is B = 19 (when Kd = 1) for
uranium. }

However, much smaller Kd values than those used in the DEIS have
been measured using rocks from the Rustler formation (ref. 1, 2).
More importantly, laboratory measurements of Kd values probably
do not reflect field conditions. For example, small amounts of
plutonium or other elements with the capacity of the rocks to
adsorb more plutonium; thus a "loading effect" can reduce Kd
values., Chelating agents 1ike EDTA can also reduce Kd values,

as can temperature, pH and other physical and chemical factors.
Finally the equilibrium model in which Kd's make sense may be
inappropriate for flow in a fractured medium,

Table VII-I summarizes Kd information for different nucljdes and
Table VII-J indicates the maximum nuclide concentrations in the

Pecos River in scenarios 1 and 4 when low K, values (K, = 0 or 1)
are assumed. '

*
The retardation factor B is: 1 + 18 K, (see Appendix VI).

-22-



Note that essentially the same effect on nuclide speed can

be obtained by lowering the Kg value by a given factor or raising
the hydraulic conductivity or interstitial velocity by the same
factor. (See Item VII-H for a discussion of variations in
hydraulic conductivity and interstitial velocity.)

Table VII-I

Kd Information

Kd used Kd range
Nuciide - in DEIS in refs. 1, 2
Tc-99 0 0.15-6.7
I-129 0 1
Cs-135 15 1
to 6,540
Ra-226 25 -
Thorium 2200 -
Uranium 1 -0.9
to 6.7
Np-237 700 8-23
Plutonium 2100 17.6 to
5400
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Table VII-J

Effect of Kd's an Plutonium Concentration in Pecos River, Scenarios 1 and 4, Spent luel

Decay factor2 Max imum con(nutration]

. Release Rate} at arrival time, if in Pecos River (nCi/fl), if
Inventory (Ci) Half-Life from Repository K =0 K <) K =18 K -0 Ko=) T
Nuclide at 1000 yrs. Years Scenaria (uCi/sec) d d d d’ d d
Pu-239 1.5 x 10° 2.4 x 10° ] 3.8 x 102 .88 .08 0 6.5x10°° 1.2x10°% o
a 9.7 x 107} .86 .06 0 1.6x1073 1ot o
Pu-240 2.0 x 108 6.5 x 107 1 5.3 x 10772 .62 1.0x10°) o 6.2x107° 1o ®
a 1.3 .87 2.3x10°° 0 v.ax10”? soex0’® 0
[y*]
-~ ! 191325931_1§i) x_lgs pLi/fci (see item VII-F, Table V1i-H , for dissolution times}
Dissplution time {sec’
2 e—(ln2/half-life) x {arrival time) {see ftem VII-F, Table VI1-H , for arrival times).

3 Release rate from repository (uCi/sec) x decay factor
515 1/sec flow of Pecos River
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et S,

) FOREWORD h@

The purpose of the Environmental Evaluation Group (EEG) is to conduct

an independent technical evaluation of the potential radiation exposure
to people from the Waste Isolation Pilot Plant (WIPP), a Federal radio-
active waste repository proposed for construction underground in an area
near Carlsbad, New Mexico. The objective of the EEG evaluation is to
protect the public health and safety and ensure that there is no
environmental degradation. The EEG is part of the Environmental Improve-
ment Division, a component of the New Mexico Health and Environment
Department -- the agency charged with the primary responsibility for
protecting the health of the citizens of New Mexico.

The Group is neither a proponent nor an opponent of WIPP. Analyses are
conducted by EEG of reports issued by the U.S. Department of Energy

(DOE) and its contractors, other Federal agencies, and other organizations
as they relate to the potential health, safety, and environmental impacts
of WIPP. These analyses may involve public meetings, site visits, and
consultations with agencies, professional associations, and scientific
experts,

The project is funded entirely by the U.S. Department of Energy through
Contract #DE-AC-04-79AL10752 with the New Mexico Health and Environment
Department.

\

Robert H. Neill
Director
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R SUMMARY

This report considers some aspects of the radionuclide transport
modeling presented in documents published by the U. S. Department
of Energy (DOE) regarding the Waste Isolation Pilot Plant {(WIPP)
nuclear waste repository proposed for development in Southeastern
New Mexico. The radionuclide transport modeling is used to predict
worst possible consequences of a WIPP repository breach event in
which waste enters groundwater. The aim of this report is to
determine whether plausible changes in the parameters used by DOE
to describe the flow of groundwater near the WIPP site could result
in: a) significantly faster radionuclide movement in groundwater;
and b) significantly higher concentrations of radionuclides in
Pecos River water and correspondingly higher radiation doses than
predicted by DOE. The conclusion reached is that while plausible
changes in hydrologic conditions and waste-rock interactions might
result in a significant reduction in the time it takes for radio-
nuclides to reach the Pecos River, the shorter travel times do not
result in significant increases in the estimated concentrations of
radionucliides in the Pecos River nor in the radiation doses
associated with the use of such water. Other ways in which para-
meter changes might affect these concentrations and doses are
mentioned in the Conclusions section of the report, but are not the
subject of this analysis.
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The Significance of Certain Rustler Aquifer Parameters
for Pradicting Long-Term Radiation Exposures from WIPP

I. Introduction

To estimate worst possible radiation doses which might
result from a hydrologic breach of the proposed WIPP reposi-
tory, the U. S. Department of Energy (DOE) has considered

situations in which:

1. groundwater passes through the repository, dissolves
some waste and brings the dissolved radionuclides into
the. Rustler aquifer;

2. the radionuclides are carried by the Rustier water to
the Pecos River at Malaga Bend, fifteen miles from the
WIPP site.

(See, for example, the WIPP Safety Analysis Report, Ref. 1
and the Draft Environmental Impact Statement for WIPP,

Ref. 2). Figure 1 illustrates two of the breach events which
have been analyzed.

The aim of this report is to assess the assumptions made in
modeling step 2, nuclide transport in the Rustler. The
question is: has a worst (plausible) case really been
considered?

In its report of a January, 1980 meeting of geologists and
hydrologists to discuss conditions in the vicinity of the WIPP
site, the Environmental Evaluation Group has summarized infor-
mation presented concerning the status of hydrologic testing
and questions raised concerning the adequacy of the available
data for predicting consequences of a repository breach{Ref.
3). It is clear that there are uncertainties in the hydro-
logic parameters used for modeling flow in the Rustler aquifer,



and that there are even greater uncertainties involved in
predicting'changes in hydrologic conditicns that might occur
over thousands or millions of years. However, it is not

clear that these uncertainties introduce equivalent uncer-
tainties into the projected consequences gf a worst case

WIPP repository breach. This report will address the question
of whether or not a worst plausible case has been considered
in the WIPP Safety Analysis Report (SAR) nuclide transport
modeling by asking:

Can plausible changes in thenuclide transport modeling assump-
tions and Rustler aquifer parameters result in significantly
higher estimates of peak radionuclide concentrations in Pecos
River water? (By "peak concentration" is meant the radionuclide
concentration in Pecos River water at Malaga Bend, measured in
picocuries per liter, at the time when that concentration is
highest.)

In order to 1imit attention to step 2 of the breach event
modeting, nuclide transport in the Rustler aquifer, it is
assumed that radionuclides enter the Rustler at a given rate
and move along a flow path to Malaga Bend. Then the calculated
radionuclide concentrations in Pecos River water and the re-
sulting radiation doses depend primarily on the transit times
of the radionuclides in the Rustler, between the WIPP site

and the Petos River. For radionuclides in the initial reposi-
tory inventory, the longer it takes the nuclide to reach the
Pecos River;, the smallerits concentration will be in the river,
because of radiocactive decay of the nuclide. For radioactive
decay products, the situation is more complex, because ingrowth
causes an increase in activity over a period of time, followed
by a decrease.

This paper is organized as follows:

Section I1 outlines the models used in the WIPP SAR (Ref. 1)
and in this report to describe radionuclide transport in the
Rustler aquifer. The next two sections explore the relation

-2~
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between peak radionuclide concentrations in the Pecos River
and key_f;ij'drologic parameters. First, Section III considers
the relation between the hydrologic parameters and the radio-
nuclide travel times. Then, Section IV considers the relation
between radionuclide travel times and peak radionucltide con-
centrations in the Pecos River. Sections V and VI examine the
plausibility of various changes in parameter values and
modeling assumptions used to assess consequences of a WIPP
repository breach. In Section VII, radiation dose-commitments
which could result from drinking Pecos River water are calcu-
Jated, under a variety of assumptions. Conclusions are
summarized in Section VIII.

Although this analysis investigates only a portion of the

breach consequence assessment which has to do with nuclide
transport in the aquifer, it is necessary to have some source
term to use for radionuclide concentration and dose calculations.
That is, one must start with a rate at which radionuclides are
introduced into the aquifer. For illustrative purposes, this
analysis will focus on & single radionuclide, Plutonium-239
(Pu-239). This choice is made for the following reasons:

The waste proposed for permanent disposal at WIPP is transuranic
waste, primarily that classified as contact handled.* The
radionuclide content includes plutonium and americium iscotopes.
Pu-239 is the dominant radionuclide in contact handled trans-
uranic waste, in the sense that it has a long half-life

(2.4 x 10% years) and a higher initial inventory than any of

* Transuranic waste (i.e., waste contaminated with
plutonium, americium and other radionuclides with
atomic number greater than that of uranium) is '
classified as contact handled if its container
has a surface dose rate of 200 mrem/hr or less.



the other‘alpha-emitting radionuclides present. However, under
the hydrologic modeling assumptions used in the WIPP SAR, Pu-239
travels so slowly in the Rustier aquifer that it decays before
it reaches the Pecos River. While its decay product Uranium-
235 does contribute significantly to dose estimates, Plutonium-
239 itself does not. This analysis will explore the possibility
that plausible changes in the hydrologic modeling assumptions
can result in a substantial portion of the Pu-239 inventory

reaching the Pecos River.

In the WIPP SAR, the hydrologic breach event which would
result in the largest amount of waste entering the Rustler
aquifer is Communication Event 1, in which water flows from
the Bell Canyoﬁ aquifer below the repository, through the
repository and up into the Rustler agquifer (see Figure 1).
Thus, peak radionuclide concentrations and dose commitments
will be calculated based on the rate at which Plutonium-239
would be released into the Rustler aquifer under the SAR
assumptions for Communication Event 1.

——




Nuclide Transport Model

N
The Sandia Waste Isolation Flow and Transport model (SWIFT),
developed by Intera Environmental Consultants, Inc., has been
used by the Department of Energy for calculations involving
nuclide transport in the Rustler aquifer (Ref. 4). For the
purposes of calculating the nuclide concentrations in Rustler
brine entering the Pecos River, a simplified version of the
mode] is used by DOE (Ref. 1, Section 8.2.1.3.3). The basic
assumptions made for this application can be outlined as follows:

Assumption 1, Water Flow in the Rustler Aquifer

Water moves along a one-dimensional flow path with average
velocity-v given by Darcy's Law:

- _ K, ah
VEF-" I ft/yr (1)
where:
8 = aquifer porosity
K = hydraulic conductivity or permeability (ft/yr)

1}

hydraulic gradient (change in hydraulic head
per unit distance).

L
pol [

To account for the fact that at any time and position, some

water parsicles are moving more rapidly than the average while
some are moving more slowly, the differential equation describing
flow includes a term which reflects this "longitudinal
dispersivity."

Assumption 2. Equilibrium Adsorption of Nuclides

At any point in the aquifer and at any time, the activity
concentration of a given radionuclide is distributed between
the aquifer rock and the aquifer water as follows:

CS = I(d CL (2)



where:

= activity concentration in/on rock {pCi/g)

CL = activity concentration in water (pCi/m2)

Kd = q1stribution coefficient for the nuclide
in question {mg/g).

Assumption 3. Radioactive Decay and Ingrowth

Nuclide concentrations change with time because of radioactive
decay. These changes are built into the SWIFT model.

In order to study the effects of parameter changes on nuclide
concentration and dose estimates, it is useful to simplify
Assumption 1 still further and neglect longitudinal disper-
sivity. This can be justified only if the simplification does
not change the model predictions significantly, for the nuclides
under consideration. In Appendix VI of Ref. 5, Greenfield has
shown that for long-lived radionuclides and their decay products:ﬁh
this is indeed the case; that is, the peak concentration and
dose estimates obtained using the SWIFT model, including
longitudinal dispersivity, are cliose to those obtained using the
analogous model with zero dispersivity. Results of the two
models differ by less than a factor of 2 in the case of long-
lived initial inventory radionuclides. When additional
approximations are made in connection with the simple model to
accommodate a decay chain in which different members move with
different velocities, the concentration and dose estimates
obtained from the two models still differ by less than a factor
of 5. Peak cOncentration and dose estimates abtained using the
simpler model tend to be larger than those obtained taking
dispersivity into account.

Thus, for the remainder of this analysis, the following
assumption will be made.

~



Assumptionr 4, Zero Dispersivity
A

Longitudinal dispersivity is zero. All water particles move
with the average velocity v given by equation {1).

Under these assumptions, it can be shown (Ref. 5, Appendix VI)
that a nuclide with a distribution coefficient Ky (mg/a) will
move in the aquifer with velocity:

_1
"
o<

ft/yr (3)

where B, the retardation factor, is given by:
= R

B =1+ 5 Kd (4)

aquifer density (g/mg).

O
]



ITI. Hydrologic,barameters and Nuclide Travel Times

Suppose the aquifer parameters defined in Section Il are constant
over a portion of the flow path which is d feet long. Then the
time T that it takes for a nuclide to travel through that part

of the flow path is given by:

S
T=2= yr (5)

where r is the nuclide velocity, given in ft/yr.

Combining eguations (1}, (3}, (4) and (5) gives:

d(e + pKqg)

K (8h/4%) yr (6)

T =

for the time T that it takes for a radionuclide with distribu-
tion coefficient I(d to traverse a segment of the aguifer having
length d, porosity 6, density p, hydraulic conductivity K and
hydraulic gradiant Ah/A%.

To illustrate the effects of the various parameters on T,
consider Plutonium-239 traversing the first 5 miles of the
flow path from the repository to the Pecos River. The para-
meter values for this interval, based on information in the

SAR*, are:
d = (5 mi) (5280 ft/mi) = 2.6 x 10% ft
9 = 0.1
p =2 g/mg
Kg = 2.4 x 10% me/g

Ah _ 100 ft i -3
57 - 15 i) (5280 Fe/mT) - 3-8 x 10 7.

K =1 ft/day or 365 ft/yr
A

* Table 3.3-1 gives 0= 0.1; Table 2.5-12 gives 2.4 x 103 mL/q as the
lowest Kq value measured with plutonium, groundwater and Rustler formation
rock; Figure 8A-4 gives K=1 ft/day at the WIP? site (Ref. 1).

-8-
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The hydrauﬂdE gradient Ah/aAg is computed on the basis of the
potential lines shown in Figure 2. Over the first 5 miles of
the flow path from the repository, the calculated hydrauiic
potentials in the Rustler aquifer drop 100 feet, from about

3150 to 3050 feet.

Substituting these parameter values into equation (6) one finds
that the time T that it would take for Pu-239 to migrate over
this 5 mile stretch is:

T=29.0x 107 yr.
The question is: What changes in parameter values could reduce
the travel time T significantly? To make the example more
specific, what changes in parameter values coulcd result in an
order of magnitude decrease in T?

If the distribution coefficient Kd decreases by an order of
magnitude, the travel time T decreases by an order of magnitude.
The same decrease in T would result from an order of magnitude
increase in hydraulic conductivity K or hydraulic gradient
Ah/A%2 . Changes in the aquifer porosity € have virtually no
effect on the travel time T, provided that the distribution
coefficient K, remains high (say, above 10).



iv.

.
r

P]utonium;239 Travel Time and Its Peak Concentration in the

Pecos River

If Pu-239 enters the Rustler aquifer at a rate of q pCi/sec
at the WIPP site, moves in the Rustler according to the
assumptions in Section II, and begins to enter the Pecos
River at an arrival time TA years after waste emplacement,
then the peak concentration C of Pu-239 in Pecos River water
is given by:
-(sn 2)(T,)/(2.4 x 10%)
c=9%E% - p Ci/t (7)

where 2.4 x 10° years is the half-life of Pu-239 and F 1/sec

is the Pecos River flow at Malaga Bend. The minimum value for
F is given in the SAR as 18 ft3/sec (Ref. 1, 8.2-9). That is:

2

F=5.17 x 10° ¢/sec.

As discussed in Section I, the breach event under considération —_—
in this analysis involved a hydrologic connection between aqui-

fers above and below the repository. The SAR describes such a
breach event: Communication Event 1. Under the SAR assumptions¥*
for Communication Event 1, the rate q at which Pu-239 in contact
handled transuranic waste enters the Rustler is:

g = 2.1 x 10% pcissec.

Thus, from equation (7), the peak concentration C of Pu-239 in
Pecos River water is:

- -(2n2)T,/2.4 x 104
€ =41 x e pCi/e (8)

-

The steady state repository dissolution rate is given as 0.25 ft3/day
(p. 8.3-5); the fraction of the repository volume which is waste

is 0.115 (p. 8.3-3)& and the specific activity of Pu-239 in3the

waste is 2.21 x 10~ Ciél (Table 3.1-2), Then g = ‘Q.ZS ft~/day)

x {0.115) (258.32 &/ft7) x {2.21 x 10=" Ci/2) x 10 pCi/fCi) +

(8.64 x 107 sec/day), (Ref.1).

-10-




here the drrival time TA is the sum of the breach time

(i.e. the number of years between waste emplacement and the
repository breach event) and the Pu-239 travel time (i.e. the
time it takes for Pu-239 to travel in the Rustler aquifer from
the WIPP site to the Pecos River).

Using the information in the SAR concerning Rustler aquifer
hydrology and distribution coefficients™, the time between
a breach event and the arrival time of Pu-239 at the Pecos

River would be about 1.4 x 108 years,*¥*

The Pu-239 in the repository inventory would decay in this
time, since Pu-239 has a half-1ife of 2.4 x 10% years.
However, this analysis considers whether plausible changes

in parameters can lead to significantly shorter travel times
and significantly higher radiation doses than those derived
from the parameters used in the SAR analysis. For the moment,
equation (8) will be used to study the dependence of the peak
Pu-239 concentration C on the arrival time TA’ without regard
to the plausibility of different TA values. The plausibility
of different arrival time values will be discussed in Section
V.

Figure 3 illustrates the relation between the peak Pu-239
concentration C in Pecos River water and the Pu-239 arrival

time T,. Using equation {8), C is plotted against the logarithm
of TA' This semi-log plot makes it easy to see how order-of-
magnitude changes in TA affect C. Table 1 summarized key values
of C.

-

* *

Table 2.5-12, Table 8.3-1, Fiqure 8A-2 and Figure 8A-4, (Ref. 1).

The sum of the travel times for the first 5 miles, where
K=1 ft/day and the last 10 miles, where K=4 ft/day (Ref..l,
Figure 8A-4). The other parameters are as given in Section
I11.

-11-



It can be seen from Figure 3 and Table 1, that arrival times
between 0 and 10,000 years all result in roughly the same

peak Pu-239 concentrations in the Pecos River. If the Pu-239
starts to enter the Pecos River 100,000 years after waste
emplacement, then the peak concentration is less thanm a tenth
of what it would be if the arrival time were 10,000 years.

An arrival time of 500,000 years results in a further reduc-

tion of the peak Pu-239 concentration by a factor of 1072,

This suggests a way of making the basic question more precise:
1. Can plausible changes in the modeling assumptions or
hydrologic parameters used in the WIPP SAR analysis
result in a Pu-239 Pecos River arrival time of less
than 100,000 years?
2. Can the Pu-239 arrival time be less than 10,000 years?

-12-~



The Validity of Using Average Parameter Values

As discussed in Section III, an order of magnitude decrease

in distribution coefficient (Kd) or increase in hydraulic
conductivity (K) or hydraulic gradient (Ah/A%) would result in
an order of magnitude decrease in the travel time (T). Para-
meter changes amounting to more than three or four orders of
magnitude would be necessary to reduce the travel time from
14,000,000 years to 100,000 or 10,000 years. The next step,
then, in this analysis, is to evaluate the potential for large
changes in the three key parameters.

The hydraulic gradient Ah/AL appears to be the least variable
of these parameters. In order for the average hydraulic
gradient to increase by a factor of 10, the difference between
potentiometric levels of the Rustler at the WIPP site and at
the Pecos River would have to go from 300 to 3000 feet. Such
a change does not appear credible.

The hydraulic conductivities K for different portions of

the flow path are more likely to deviate from the assumed
values, either because of difficulties in measurement, non-
uniformity of the aquifer or future changes (e.g. fracturing
of the aquifer rock or dissolution of salt in the Rustler at
the WIPP site). The SAR calculations of hydraulic conduc-
tivities in the Rustler show an increase from 1 ft/day near
the WIPP site to 64 ft/day at the Pecos River. It does not
appear likely that hydrologic conditions in the vicinity of
the site would change so drastically in 10,000 or even 100,000
years that they would match present conditions in the Rustier
near the Pecos River. Perhaps an increase by one order of
magnitude in hydraulic conductivity values can be taken as a
worst plausible case.

-13-



The most uqﬁredictable of the parameters is the distribution
coefficient (Kd). Laboratory K, measurements using apparently
identical rocks, solutions and precedures can differ by an
order of magnitude. Changing the rock or solution slightly
can result in greater discrepancies. Different laboratories
report widely different results (e.g. plutonium Kd values
between 16 and 20 mg¢/g for Culebra dolomite and "prepared
water" in Ref. 6 and values of 2,100 mg/g for Culebra dolomite
and -rine and 7,300 mg/g for Culebra dolomite and groundwater
in Ref. 7). 1In addition to the problems just discussed involving
reproducibility of laboratory measurements, there are problems
involved with predicting and studying in-situ conditions.

Many factors influence the relative amounts of a nuclide in
the solid and liquid phasés of an aquifer. For example, the
concentrat}on of the nuclide in question or of other elements,
can affect the capacity of the rock to absorb more of the
radionuclide; thus a "loading effect" can reduce K values.
Chelating agents like EDTA can also reduce Kd values, as can
temperature, pH and other physical and chemical properties of
the rock, the water and the nuclide. Table 21 in Ref. 7 shows

a reduction of one to two orders of magnitude 1in Kyg (for
Gd-153, Eu-152 and Ce-144) when a plywood extract is added
to the solution.

Therefore, it is conceivable that average K  values for

nuclides in a waste and brine mixture, moving through fifteen
miles of the Rustler aquifer, would turn out to be two or even
three orders of magnitude smaller (or larger) than the value
used in the WIPP SAR nuclide transport modeling. However,
statements in the SAR indicate that the Kd values chosen already
reflect a worst case (i.e. lowest plausible average values).

-14- Nk
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The plutonium Kd value used in the SAR modeling is the lower
of two Kq values reported in WIPP site-specific tests using

simulated groundwater and Rustler formation rock from just
outside the WIPP boundary (Ref. 1, Table 2.5-12). Further,
the measurements are made using a highly oxidized species of
plutonium, which is thought to be more mobile than species
with Jower oxidation states but less likely to be present
following a repository breach (Ref. 1, p.2.5-43).

-15-



VI.

Heterogeneity of Aquifer and Nuclide Properties

\ .
The preceding section considered the extent to which the average
values of key parameters could differ, now or in the future,
from those used in the WIPP safety assessment. This section
will discuss the extent to which it is appropriate to look at
average behavier. The answer proposed is in two parts.

1. In this application, it is appropriate to use average
hydrologic parameters to describe water movement in the
aqui fer.

2. The use of a single average distribution coefficient for
each nuclide may mask significant effects resulting from
the migration of a subpopulation of the nuclide particles.

Point 1, regarding water movement in the aquifer,.requires

some qualification. The claim is that it is appropriate to use
average parameter values over intervals where there are no
large scale changes in hydrologic conditions. For example,

one should not lump mile-long stretches where the hydraulic
conductivity is measured as 1 ft/yr with mile-long stretches
where the hydraulic conductivity is measured as 50 ft/yr.
However, small scale variations should not add up to gross
effects on water movement over a 15 mile flow path. 1In its
travel from the WIPP site to the Pecos River, each water drop
will pass through 1 inch or 10 foot fractures where it moves
relatively quickly and through small portions of the aquifer
which are less permeable than the average. The hydraulic
gradient may be steep over a small interval, but will be Tless
steep than the average somewhere else. This type of variation
over short intervals would not result in significant changes

in the nuclide concentrations and doses calculated on the basis
of average values of hydrologic parameters over several mile
intervals.

-16-



N ;what is tQé difference, then, between the use of average
,ﬁf'aquifer parameters and the use of average distribution co-
efficients? The difference, as suggested in point 2, is that
there may be subpopulations of nuclide particles which migrate
through the whole 15 mile flow path in a way that differs
significantly from the predicted norm.

Consider the case of plutonium. Under the equilibrium
adsorption assumption stated in Section II, using a K& value

of 2400 mg/g, each plutonium particle spends a large amount of
time associated with the aquifer rock and not moving with the
water. This is what slows the plutonium down in its migration
through the aquifer. Since there is a single K4 value governing
the behavior of all of the particles, all are slowed down

equally.

[t is more likely, especially given the heterogeneity of
the contact handled transuranic waste to be stored in the
WIPP repository, that plutonium and other radignuclides
will be in various physical and chemical states and com-
plexes and will be heterogenecus in their affinity for
aquifer rock and their solubility in water.

Two Tines of experimental evidence suggest that if a
repositor{ breach occurred, a fraction of the plutonium
particles entering the Rustler would move with an effective
distribution coefficient of zero. 1In the plywood extract
experiment discussed in Section V, there is an apparently
lowering of *d when the organic material is added to the
brine-rock-nuclide mixture used to measure Kd. One interpre-
tation suggested in Ref. 7 is that some of the nuclide parti-
cles are in organic complexes. The reason this would lower
the apparent Kd is that the particles in organic complexes
would remain in solution {(i.e. behave as if their Kq were
zero) while the other particles would not change their behavior.
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In these ba%ch experiments, movement is not observed and the
chemical forms of nuclides and nuclide complexes are not deter-
mined, so any heterogeneity in form or behavior of the nuclide
in question would not be observed directly.

Column infiltration experiments reported in Ref. 6 provide

direct evidence of transuranic nuclide fractions which move

in water through porous rock columns at the speed of water

(i.e. with Kq = 0).* Additional amounts of the nuclide are
observed to travel more slowly than water in the columns but

much more rapidly than would be predicted on the basis of

average K, values measured in either batch or column experiments™™

It is not clear how to apply the results of these column
infiltration experiments to nuclide migration mcdeling in the
case of a repository breach event., The experiments discussed

in Ref. 6 were not done with Rustler formation rocks. In —

addition, the nuclides were not in solution with organic material
or minerals which would be present in the event of a WIPP reposi-
tory breach. Finally, nuclide migration behavior over a distance
of several centimeters in a column may not mimic nuclide behavior
over a fifteen mile path. However, until WIPP-specific experi-
ments or theoretical analyses are performed which rule out the
presence of a mobile plutonium {or transuranic} fraction under
WIPP conditdons, this possibility should be included in the

* The fragtions listed are 7 x 107° for Pu‘" ip 1imestone; 3 x 107°
for Np®  in limestone; and 1.3 x 10-2 for Np>* in sandstone
(Ref. 6, p. 15).

** For example, in one experiment, 1/1000th of the plutonium used
was observed to pass through limestone at a velocity at least
equal to % the water velocity. A neptunium fraction of 0.12 was
observed to move through sandstone at a velocity at least equal
to 0.1 times the water velocity (Ref. 6, p. 15).
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.’ breach consequence assessment for WIPP. Based on the evidence

available so far, it is possible that a portion of the trans-
uranic inventory injected into the Rustler aquifer in the event
of a WIPP repository breach would be in a chemical form which
would allow it to move through the aquifer unretarded.

The fraction chosen to represent a plausible worst case for the
remainder of this analysis is 0.01. That is, this analysis wil]
investigate the consequences of assuming that one percent of

the Puy-239 entering the Rustler aquifer in the case of a reposi-
tory breach moves throughout the fifteen mile flow path at the
velocity of the aquifer water. The one percent value is much
higher than that observed in the Ref. 6 plutonium/limestone
experiment and slightly lower than that observed in the
neptunium/sandstone experiment. It is considered to be a
plausible worst case value because of the conflicting influences
of the presence of organic material (which might create a

mobile subpopulation) and the length of the flow path (which
allows time for the alteration of chemical form, breaking down
subpopulations).
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T A
VII. Potential Doses from Drinking Pecos River Water

The WIPP SAR includes calculations of radiation doses which
people could receive if Pecos River water were to be contamin-
ated following a repository breach event. The doses calculated
are from the ingestion of fish and water and from external ex-
posure during swimming, boating and other activities (Ref. 1,
p. 8.2-9). The largest doses are from the ingestion of water,
except in the case of Radium-226 where the ingestion of fish
leads to slightly greater doses than the ingestion of water.
Thus dose projections based on drinking Pecos River water can
give a good idea of the overall radiation dose which might

be received from the various water uses.

The doses calculated in this section will be whole body fifty
year dose commitments received by maximally exposed adults
from one year's ingestion of Pu-239 in Pecos River water.
These are the doses most easily compared with doses listed in
the SAR. The dose commitment D {(mrem) resulting from one
year's ingestion of water with a Pu-239 concentration of C
{pCi/L) is given by:

5

D= (C pCi/a}(7302){(1.9 x 10™~ mrem/pCi) {(9)

where 730 liters is the value recommended in NUREG 1.109

(Ref. 8, Table E-5) as the annual water uptake value to assume
for maximally exposed adults and 1.9 x 10‘5 mrem is given
in NUREG 0172 (Ref. 9, Table 4) as the fifty year total body
dose commitment an adult receives from ingesting 1 pCi of Pu-23%

in the first year.
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Table 2 1ists peak Pu-23% concentrations C in Pecos River
water and corresponding fifty year total body dose commit-
ments D received by adults drinking 730 1iters of the water
in a year, for a variety of modifications of the SAR
hydrologic modeling assumptions. Figure 4 shows how the
dose commitment depends on the average Kd value used, if
other parameters and assumptions are as in the SAR. The
breach event is assumed to occur 1000 years after waste
emplacement.
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VIII. Conclusiond

Based on the discussion of average parameter values in Section
V, it is possible but unlikely that in the event of a hydro-
logic breach of the WIPP repository, the serage values of

the key hydrologic transport parameters would differ by more
than three orders of magnitude from those used in the SAR
modeling, all in a direction which would reduce the Pu-239
travel time to 100,000 years and raise the peak Pu-239 con-
centration in Pecos River water -5 2.3 pCi/e. It is very
uniikely that the average Pu-239 travel time would actuaily

be as low as 10,000 years, raising the peak Pecos River
concentration to 31 pCi/2.

It is possible, as discussed in Section VI, that a portion of
the transuranic nuclide inventory, including Pu-239, will be
in a chemical fbrm which allows it to stay in solution and
move at the velocity of the aquifer water. If one percent of
the Pu-239 entering the Rustler aquifer under the conditions
discussed in this analysis were to move throughout the fifteen
mile flow path unretarded, this would result in a peak Pu-239
concentration in Pecos River water of 0.37 pCi/®.

The fifty year total body dose commitments which adults drinking
730 liters of Pecos River water in a year would receive from
the Pu-239 in the water are:

1. 3.2 x 10:? mrem, if the Pu-239 travel time in the Rustler

aquifer is 100,000 years; -
2. 5.1 x 10”3 mrem, if 1% of the Pu-239 in the aquifer has a
distribution coefficient (Kd) of zero.

These doses are comparable to the Radium-226 drinking water
dose of 3.8 x 10'3 mrem from one year's intake, reported in
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SAR Table 8.3-2. Thus, plausible variations in the SAR
assumptions governing nuclide transport in the Rustler
aquifer do not result in Pu-239 doses which are significantly
greater than the Ra-226 doses already projected on the basis
of the SAR assumptions. It can also be shown, using the
methods of Greenfield in Appendix VI of Ref. § that the peak
Ra-226 concentrations and doses do not change significantly*
under plausible variations in the SAR assumptions.

This analysis addressed a limited question, and the conclusions
are limited accordingly. Only part of the breach consequence
analysis-was considered: the modeling of nuclide transport

in the Rustler aquifer. The question asked was essentially:

if radionuclides were to enter the Rustler aquifer as described
in the SAR breach event modeling, could plausibdle changes in
the SAR nuclide transport modeling leéd to predictions of
shorter nuclide travel times and greater concentrations of
radionuclides in Pecos River water than would be calculated

on the basis of the SAR assumptions? The answer is that

while plausible changes in hydrologic conditions and waste-
rock interactions might result in significantly shortened
nuclide travel time in the Rustler aquifer, the shorter times
do not result in significant increases in the estimated con-
centrations of radionuclides in the Pecos River or in the
radiation doses received by people drinking the water.

* Doses based on faster water flow in the aquifer, lower K,'s or
a portion of the Ra-226 and its parent nuclides trave]ina with
a K, =0, within 1imits judged in this paper as plausible, are
at most 20 percent higher than those doses calculated based
on SAR assumptions. If all of the Ra-226 and its parent nuclides
move with a X, = 0, a situation considered unlikely, then the
peak Ra-226 Concentration in Pecos River water would be about
7 x 10-4 pCi/gy and the resulting drinking water dose would be
0&1]m§em (50 year whole body commitment to a maximally exposed
adult).
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However, aqyifer parameters also affect the initial stage of
breach conséquence analysis, which was not a part of this
evaluation. For the breach event considered, in which water
flows from the Bell Canyon aquifer below the repository, through
the repository and into the Rustler aquifer above the repository
the aquifer parameters determine the amount of water flowing
through the repository and hence determine the amount of waste
dissolved. If the Rustler flow increases, so will the amount

of waste entering the Rustler. The relation between the
hydrologic parameters and the waste dissolution rate is a
subject for further study.

The radiation doses calculated in this study are a function, of
course, of the repository inventory. They are low in part
because tpe waste proposed for permanent disposal at WIPP is
primarily contétt handled transuranic waste. If the repansi-
tory inventory is changed to include high-level waste, new

dose calculations will obviously have to be performed. The
methods in this paper can be used to estimate doses from any
long-lived radionuclide but because of the zero dispersivity
assumption, these methods might be inappropriate for estimat-
ing doses from short-lived nuclides.

For short-lived radionuclides, doses would be received primarily
‘from the portion of the inventory moving faster than the
average in groundwater.
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Communication Event 2

Figure 1. Schematic Diagram of Two Breach Events,
Modified From WIPP DEIS Figures 9-10
and 9-11 (Ref. 2),
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N Table 1. Peak Pu-239 Concentration

As a Function of Arrival Time

Ty (yr) C (pCi/k)

0 a1

1 41

10 M

1 42 4

1 43 40

§  +3 35
1+ e}

2.4 +4° 20.5

3.5 +4° 15

5 +4 9.7

1 +5 2.3

5 +5 2.2 -5

1 +6 1.2 -1

147 <1 -99

.1 48 <1 -99

1 2

1 +2 means 107.
2py-239 half-life.

" 3py-239 mean Jife.

-29.



Table 2.

Peak Pu-239 Concentrations

1
oy

and Dose Commitments

Peak Pu-239 Concentra- Adult Total Body 50-Year

Modification of PAR tion jn Pecos River Dose Commitment from
Assumptions Water = (pCi/1) Drinking Water > (mrem)
4
1. None 0 0
2. Porosity 9= 0.01 0 0
Hydraulic conductivity Q Q
K = 10 ft/day throughout
flow path
4. X = 50 ft/day throughout 0 0
flow path (*)
5. Distribution coefficient 0 0
Kq= 100 m2/g throughout
flow path
6. K =10 ft/day anmd Kq =100 1.9 -13 2.7 -15
mL/a throughout flow path
7. Kq = 10 mg/g throughout 2.6 <«6 3.6 -8
flow path
8. K =10 ft/day and K4 = 10 1.7 2.4 -2
m&/g throughout flow path
9. K4 = 1 m2/g throughout
flow path (*) 7.0 9.8 -2
10. K4 = O me/g throughout 37. 5.1 -1
flow path (*)
11. 1% of the Pu-239 moves 0.37 5.1 -3
at the velocity of water
12. 10% of the Pu-239 moves at 1.7 2.4 -2
0.1 times the velogity of
water .
13. 10% of the Pu-239 moves at 3.7 5.1 =2
the velocity of water (*)
{1y A1l modifications lead to faster nuclide movement.
() Based on equations (6) and (8).
(3) Based on equation {9).
(4) 0 means < 10739,
{*} Starred modifications are not considered plausible.
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The purpose of the Environmental Evaluation Group (EEG) is to
conduct an independent technical evaluation of the potential
radiation exposure to people from the Waste Isolation Pilot
Plant (WIPP), a Federal radioactive waste repositcry proposed
for construction underground in an area near Carlsbad, New
Mexico. The objective of the EEG evaluation is to protect the
public healith and safety and ensure that there is no environ-
mental degradation. The EEG is part of the Envircnmental
Improvement Division, a component of the New Mexico Health and
Environment Department -- the agency charged with the primary
responsipility for protecting the health of the citizens of
New Mexico.

The Group is neither a proponent nor an opponent of WIPP.

Analyses are conducted by EEG as well-as reviews of reports issued
by the U. S. Department of Energy (DOE) and its contractors, other
Federal agencies and other organizations as they relate to the
potential health, safety and environmental impacts of WIPP.

The project is funded entirely by the U. S. Department of Energy
through Contract #DE-AC-04-79AL10752 with the New Mexico Health
and Environment Department.

Robert H, Neill
- Director




Figure

Figure

Table

Table

Table

Table

Table

Table

Table

Table .

LIST OF FIGURES

AND
TABLES
Page
1. Schematic of Waste Movement Following a
Repository Breach. .. ... ... .. 3
2. Schematic Diagram of Communication Event 2
Modified From WIPP FEIS Figure 9-11 (Ref. 1)... 5§
I - Radionuclide Concentrations at Time of Breach.. 10
II Summary of Dilution Factor Calculations........ 11
IT1 _ Hatér and Milk Consumption Values..... e e 12
Iv 50-Year Ingestion Dose Commitment Factors for
BOME. Lt e e e e et e e 12
' 50-Year Ingestion Dose Commitment Factors for
Total Body..... ...ttt ittt 13
VI 50-Year Dose Commitments Due to U-233 From
Drinking Treated Water or Milk...... ........... 13
VII 50-Year Dose Commitments Due to U-234, U-235,

-

and U-236 From Drinking Treated Water or Milk.. 13
VIII 50-Year Dose Commitments Due to Pu-239 and

Pu=240 From Drinking Treated Water or Milk..... 14

iii



, . ACKMOWLEDGEMENT

The author wishes to express apnpreciation to Dr. Carla Wofsy,
presently Associate Professor in Mathematics University of New
Mexico, Albuquerque, who wrote the first draft of this document.

iv



. SUMMARY
As part of the assessment of the potential radiological consequences
of the proposed Waste Isolation Pilot Plant (WIPP), this report
evaluates the post-closure radiation dose commitments associated
with a possible breach event which involves dissolution of the
repository by groundwaters and subseaquent transport of the nucliear
waste through an aquifer to a well assumed to exist at a point 3
miles downstream from the repository.

The concentrations of uranium and plutonium isotopes at the well

are based on the nuclear waste inventory presently proposed for

WIPP and basic assumptions concerning the transport of waste as

well as treatment to reduce the salinity of the water. The con-
centrations of U-233, Pu-239, and Pu-240, all radionuclides
originally emplaced as waste in the repository, wculd exceed current
EPA drinking water 1imits. The concentrations of U-234, U-235,

and U-236, all decay products of plutonium isotopes originally
emplaced as waste, would be well below current EPAR drinking water
limits. The 50-year dose commitments from one vear of drinking
trected water contaminated with U-233 or Pu-239 and Pu-240 were found
to be comnarable to a one vear dose from natural backaround. The
50-year dose commitments from one year of drinkina milk would be no
more than about 1/5 the dose obtained from ingestion of treated

water. ~

These doses are. considered upper bounds because of several very con-
servative assumptions which are discussed in the report.
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As part of the assessment of radiation risk associated with the
proposed Waste Isolation Pilot Plant (WIPP), the Department of
Energy (DOE) has considered ways in which the repository might
be breached long after it is sealed. Four renresentative
scenarios chosen for analvsis (Refs. 1. 2) have the follnwing

assumptions:

1) A hvdrolaaic breach event occurs.

2) Radioactivity is leached from the waste at the same rate as
salt is dissolved into water. The contaminated water is trans-
ported to the Rustler aquifer formation through a connection,

3) The contaminated water enters the Rustler aquifer and moves
with the agquifer water toward Malaga Bend, where it enters
the Pecos River.

The transport of radicactive waste in the Rustler aquifer is
considered by DOE to be the principal pathway which would result
in radiocoactivity entering usable water in the shortest time and

in the highest concentration.

II. Statement of Problem

This report considers the following scenario:

1) Saturated brine containing leached radicactivity from the
repository enters the Rustler aquifer formation.

-

2) Radiopactive brine is transported to a well assumed to exist
at a point 3 miles downstream from the repository.

3) As the brine plume moves toward the well, it is diluted

such that when the water reaches the wall i+ is assumed Lo

be usable for aariculture, withgout treatment, and for
drinking, after treatment to remove most of the salts.
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The dose commitment to average members of the public are based —
on the consumptfon of treated well water and of milk from cows
drinking untreated well water. The quantity of well water was
considered insufficient for use on crops, or for other agriculturc;
therefore, meat and vegetable nathways were not considered. The
vegetable and meat pathways would probably result ir only a small
fraction of the water and milk pathway.

ITI. Method of Calculation

The calculations are based on the model illustrated in Figure

1. The repository is separated from the biosphere by a number
of barriers which must be breached sequentially jf radiocactivity
is to reach the biosphere. The penetration of a barrier can be
achieved only at a cost that is expressed quantitatively in terms
of a dilution factor, i.e., radicactive water can only be carried
across a barrier by mechanisms which bring about a dilution of
the radicactive concentration. Under the assumption that all —
barriers are breached, tne concentration of radiocactivity of

water reaching the biosphere is given by

Cy, ¢ =(ro0Ew12D, . . . . .0y DC (1)
where:
cb,i = Concentration of radionuclide i in water that
“reaches the biosphere, pCi/2
Cr,1 = Concentration of radionuclide i in the repository Ci/%
Dj = DHlution factor associated with the breaching of

barrier j
1.0E+12* = Conversion factor, Ci to pCi

The dose commitment is then calculated by

Hso,i Cp,q U DCF, (2)

*1.0E412 + 1x10'2




Hsoﬂ.:= 50 year dose commitment for a one ycar intake
of isotaope 1, mrem
U = the usage; the usaqe rate or consumption rate of
contaminated water or milk, &yr
DCF, = the 50 year dose commitment factor (Ref. 3),
mrem/pCi




{
Bartier # j Barrier # 2 Barrier # 1 Repository

Dilution Dilution Dilution
Biosphere Factor Dj Factor n2 Factor D]

Concentration of

Isotope 1 at release Concentration of Isotope
Cb i Ci/e i in Repository
' C. ;s Ci/e

Figure 1. Schemetic of waste movement following
a repository breach,.
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Iv.

Dilution Factors

A}

Leaching of radiocactivity from the repository by brine, (LR

The hydrologic breach event considered is deccribed as com-
munication event 2 by DOE {(Ref. 1, 2}. Two wellbore connec-
tions are made between the Rustler formation and the repository
as illustrated in Figure 2. The breach occurs 1,000 years
after waste emplacement and decommissioning. MWater from the
Rustler aquifer flows down the upstream wellbore, through
the repository, and then back to the Rustler via the down-
stream wellbore. Salt is continuously dissoived along the
path of flow until the water becomes saturated brine. It

is assumed that water leaves the Rustler with a total- _
dissolved-solids (TDS) concentration of 3000 milligrams per
liter and reenters as saturated brine containing 410,000
milligrams per liter of TDS.* Since the density of salt is
about 2, one liter of water will dissolve about 0.2 liter of
salt when becoming saturated brine. It is further assumed
that salt dissolution occurs uniform!y along the 5500 foot
flow path through the salt bed (see Figure 2) and that the
leach rate of waste is equal to the leach rate of salt. The
dilution factor to leach the salt/waste is then given by

f, f, = 1.3E-02* (3)

b, = f L

]

where:
£, = Volume of Salado formation dissolved per unit

volume of Rustler water = 0.20

fz = fraction of breach path through repository =
3100/5500
f3 = fraction of repository volume which is CH-TRU

waste = 0.115

*The TDS concentration of 3000 is based upon a similar value in a
well found at the James Ranch, about 3 miles from the center of
the WIPP site (Reference 1, Table 7-19).
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Figure 2. Schematic Diagram of Communication Event 2
Modified From WIPP FEIS Figure 9-11 (Ref. 2)




Difution factor due to movement between repository and

b}
well, DZ‘

Because of the adsorption and desorption of nuclides as
they pass through the rock, the movement of nuclides in the
aquifer is slower than the velocity of water.

The nuclide velocity is given by the water velocity divided
by the retardation factor B

Vo = V, /B (4)
B=1+%Kd (5)
where:
Vo = nuclide velocity
Vw = water velocity, 15 ft/yr.
8 = formation porosity = 0.1
p = formation density = 2 gm/cc
Kd = distribution coefficient = 1 m&/gm for all

uranium isotopes and 2.4E+03 m&/gm for all
plutonium isotopes (Reference 2, Table 2.5-12)

The values of the above parameters are from references 1 and 2.
The time of travel between the repository breach and the well
is then calculated from

_dB

Ty, | (6)

where
d = distance between repository breach and well = 3
miles or 15840 ft.

If a repository breach occurs one thousand years after waste
emplacement, all uranium isotopes and all plutonium isotopes
will reach the well in about twenty thousand and fifty million
years respectively (There are other radionuclides in the waste
but their radioloqgical impact is not significant compared to
the plutonium and uranium isotopes).
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Because of radicactive decay, the activity decreases as
the nuclides travel in the direction of the weil. The
decrease in activity is given hy the following dilution

factor
D2 = exp (-AT) (7)
where
» = decay constant of isotope, yrs‘l
T = time of travel between breach and well, yrs.

For Pu, the retardation factor is so large that all the
isotopes decav before reaching the well. The dilution

factor 02 js zero. However, there is evidence that the
transport model and the distribution coefficients do not
account fylly for certain observed phenomena. Thus, Seitz

et al (Reference 4) observed in their studies of radionuclide
migration in geologic media that 2.6% of the plutonium traveled
at a relative migration rate (Vn/Vw) greater than 0.001. Dosch
and Lynch (Reference 5) also observed that the K4 values for
rare earth radionuclides decreased when plywood extract was
added to the brine. This was attributed to the formation of
more solublie complexes between radionuclides and organic
molecules.

In this report, it will be assumed that 1% of the Pu-239 and
Pu-240 in CH-TRU waste is in a chemical form which allows it

to move with a Rustler water velocity of 15 ft/yr (K4 = 0).

On the bases_of the Seitz studies, this js hiqghly conservative,.
Since the distance between the breach and the well is 3 miles,
the travel tife is thus 1,000 years. The dilution factors D,
(including the assumption that 1% of Pu moves with water
velocity of 15 ft/yr) for Pu-239 and Pu-240 are therefore
9.7E-03 and 8.9E-03 respectively.

The dominant uranium isotopes in CH-TRU waste after 21,000
years time of breach plus time of travel to the well for



uranium nuclides are U-233 {from the initial inventory)
U-234 (derived mainly from Pu-238) and U4-23%5 (derived from
Pu-239), and U-236 {(derived from Pu-240).

Because of the long half-lives of U-233, U-234, U-235, and
U-236, the dilution factors D2 are 0.91, 0.94, 1.0 and 1.0
respectively.

Dijution factor to make brine potable, D3.
The brine coming out of the repository and entering the Rustler

aquifer is so saline that it cannot be used for irrigation or
for drinking. It is assumed that the brine will be diluted

in the aquifer as it travels toward the well. Several dilution
mechanisms can be postulated but they will not be discussed
in detail in this report.

Regional data on the quality of Rustler well water are sparse.
However, a Rustler well at James Ranch, about three miles south-
west of the center of the WIPP site is reported to have a TDS
content of 3240 mg/2 (Ref. 1). 1In this report it will be
assumed that saturated brine is diluted with water having a

TDS content of 3000 mg/2 to form water with a TDS of 5000

mg/2 at the well.

Let w denote the number of units of water with a TDS content of
3000 mg/% which must be added to one unit of saturated brine
{at 410,000 mg/%) to yield water with a TDS content of 5000
mg/2. w is-then found by solving the equation

(1 x 410,000) ¢ (w x 300) . 5000 mg/s

Rounded to two sianificant figures. w = 200 units. The
dilution factor to make brine potabte, D3, is then 5E-03.
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4) Treated water used for drinking, D4.
h]

Because of the relatively hiah salt content, it is assumed
that water is treated before being used as drinking water for
people. Such a treatment system could be reverse osmosis.

In addition to the. halite, treatment is assumed to remove

90% of any radium, thorium, uranium and plUtenium in the
water. The dilution factor for treatment of water, Dp>» is
thus 1.0E-01. The sludge resulting from reverse osmosis
treatment will have a higher radioactive concentration than
the aquifer water. The path of the sludge in the biosphere
will not be studied in this report.

5) Dilution factor for water-cow-milk pathway, D .

In this case, it is assumed that the untreated well water is
used as drinking water for a cow. The members of the farm
family who own the cow drink the cow's milk.

It is assumed that the cow drinks 60 liters of water per day
(Ref. 6, Table F-3) and the transfer coefficient used is
5E-04 and 1.5E-06 Ci/2 milk per Ci/day ingested for U and Pu
respectively (Ref. 7, Table 3). The dilution factors for the
water-cow-milk pathway, Dg, are thus 3.0E-02 &nd 9.0E-05 for
uranium ard plutonium respectively.

V. Isotope Inventory

The values for tﬁé activity concentrations in the repository at the
time of the breach and the half-life of the nuclides are presented
in Table 1.
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' Table I

Radionuclide Concentrations at Time of Breach

Radionuclide Half-1ife Activity in Waste
yrs Ci/e
U-233 1.6E+05 8.4E-06
U-234 2.4E+05 7.2€-08
U-235 7.0E+08 3.8€-08
U-236 2.35407 1.5€-07
Pu-239 2.4E+04 2.3E-03
Pu-240 6.5E+03 5.3E-04

The U-233 activity is based on 1500 Ci that originated from the
light water breeder reactor core program. It is assumed that

this activity is uniformly distributed in the repository. The
U-234 activity is obtained by complete conversion of all the
originally emplaced Pu-238 {(concentration is 2.CE-04 Ci/f at time
of emplacement). The U-235 activitv is based on the assumotion that
45 per cent of the initially emplaced Pu-239 has been converted %o
U-235 {amount of Pu-239 converted in 21,000 years) and that this
activity is available for travel to the well following the breach.
This simplified source term is conservative and yields higher con-
centration at the well than the more rigorous source term resulting
from the transport model of Lester et al (Reference 8). Similarly,
the U-236 actfvity is based on the assumption that 89 per cent of
the initially empiaced Pu-240 has been converted to U-236. The
Pu-239 and Pu-240 activities are the concentrations in the reposi-
tory 1,000 years after closure of the repository. As discussed on
Page 8, it i1s assumed that 1% of this concentration moves with the
speed of the Rustler.
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VI. Summary of Dilution Mechanisms for Different Pathways

A}
The dilution factors for the pathway of interest and the activity
concentrations of water and milk prior te consumption are pre-
sented in Table JI.

Table II
Summary of Dilution Factor Calculations

Activity Con-

Dilution centration in
Factor water or Milk NRC 1limits =
Path Formula Ditution Factor _  pCi/g pCi/e
Tt e g 1 2 s
u-233 . 5.9E-06 5.0E+01 3E+04
U-234 6.1E-06 4,4E-01 3E+04
U-235 6.5E-06 2.5E-01 3E+04
U-236 6.5E-06 9.8£-01 3E+04
Pu-239 6.3E-08 1.4E+02 S5E+03
Pu-2430 5.8E-08 3.1E+01 SE+03
Water-cow-milk 05 02 D4 D5
U-233 1.8E-06 1.5E+01
u-234 1.8E-06 1.3E-01 :Egve
U-235% 2.0E-06 7.6E-02
U-236 2.0E-06 3.0E-01
Pu-239 5.7e-11 1.3E-01
Pu-240 5.2E-N 2.8E-02

In studying Table II, it should be remembered that the concen-

trations for the Pu-nuclides appear 1,000 year after the breach
while the concentrations for the U-nuclides appear 20,000 years
after the breach.

*Reference 9
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The EPA natignal interim primary drinking water regulations 1limit
the qross alpha particle activity {including rad um-226 but cx-
cluding radon and uranium} to 15 pCi/? (Ref. 10). The EPA
environmental protection standards for disposal of residual radio-
active material from inactive uranium processing site limit the
concentration in water of all uranium radionuclides to 10 pCi/%.
The water concentrations of U-233 exceed the limits of Ref. 11
while the water concentration of Pu-239 and Pu-240 exceed the
timits of Ref. 10.

VII. 50-year Dose Commitments

The water and milk consumption values, and the dose commitment
factors used in the calculations are presented in Tables III, 1Y
and V. )

Table II1

Water and Milk Consumptions VYalues (6)

Exposed Annual Water Annual Milk

Individual Consumption Consumption
L/ yr i yr

Infant 330 330

Child 510 330

Teenager 510 400

Adult 730 110

- Table 1V

50-Year Ingestion Dose Commitment Factiors
for Bone from a one year intake (3), mrem/pCi

- - -239
I§;?3?§3a1 ang 63334 ang 53236 aﬁ: Pu-240
Infant 5.1E-03 4 7E-03 1.5E-03
Child 3.7E-03 3.4E-03 1.4E-03
Teenager 1.2E-03 1.1E-03 8.3E-04
Adult 8.7E-04 8.0E-04 7.9E-04
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Table V

50-Year Ingestion Dose Commitment Factors
for Total Body from a one year intake (Ref,

Exposed

Individual

an

3), mren/pCi

Pu-239
and Pu-740

Infant
Child
Teenager
Adult

3.

2
7.
5

U-233 U-235

d U-234 and U-236
9E-04 J.6E-04
.3E-04 2.1E-04
S5E-05 7.1E-05
.3E-05 5.0E-05

3.5E-05
3.3E-05
2.0E-05
1.9E-05

The 50-year dose commitments were calculated using equation (2)

and are presented in Tables VI, VII, and VIII.

Table VI

50-Year Dose Commitments Due to

from Drinking Treated Water or Milk for one year (mrem)

4-233

Drinking of Treated Water Drinking of Milk
Lxposed
Individual Bone Total Body Bone Total Body
Infant 8.4E+01 6.4 2.5E+40] 1.9
Child 9.4£+01 5.9 1.8E+01 1.1
Teenager 3.1E+01 1.9 7.2 4.5E-01
Adult 3.2E+01 1.9 4.0 2.5E-01
T Table VII
= P
® ', 50-Year Dose Commitments Due to U-234, U-235, and U-236
.:i:;ﬁ ;from Drinking Tteated Water on Milk for one vear {mren)
e
Drinking of Treated Water Drinking of Milk
Exposed
Individual Bone Total Body Bone Total Body
Infant 2.8 2.0E-01 8.0E-01 6.1E-02
Child 3.0 1.8E-01 5.8E-01 3.6E-02
Teenager 9.6E-01 6.1£-02 2.3t-01 1.5E-02
Adult 1.0 6.2E-02 1.3E-01 8.0E-03
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labte VIII

1

50-Y03r Dose Commitments Nue to Pu-239 and Pu-240

from Drinking Treated Water or Milk for one v2ar (mrem)

Drinking of Treated Water Drinking of Milk
Exposed
Individual Bone Total Body Bone Total Body
Infant 8.5E+01 2.0 7.8E-02 1.8E-03
Child 1.2E+02 2.9 7.3E-02 1.7E-03
Teenager 7.2E+01 1.7 5.2E-02 1.3E-03
Adult 9.9£+01 2.2 3.9E-02 9.3E-04

YIII. Discussion

A simple model is used to calculate the dose commitments to indi-
viduals resulting from the use of well water contaminated by a

breach of the WIPP repository. The safety factors of the barriers
are quantified in terms of dilution factors. The calculations are
kept simple but conservative. For example, it is assumed that a
U-shaped connection can occur between the Rustler aquifer and the
repository even though a recent hydrological study found this con-
nection as unrealistic when the density of the brine is taken into
account (Ref. 12). Also, it is assumed that the leach rate of waste
is equal to the leach rate of salt, and that 1% of the Plutonium moves
with the speed of the water. For plutonium these ultra-conservative
assumptions may be partialy offset by the use of the EPA dose con-
version factors for transuranic elements (Table A 3-5, Reference 13).
These EPA factors for the mobile fraction of plutonium would result
in doses 33 to 165 times higher than those based on NUREG-0172.

The concentrations of all radionuclides at the well are less than

the NRC release limits to the uncontrolled environment (9). The
concentrations in the treated well water of U-233, Pu-239, and Pu-240,
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all radionuclides originally emplaced with the waste., rxeepd the
£PA drinking water Timits. The concentration of U-¢33 in treated
water exceeds the EPA limits by a factor of 3 while the combined
concentration of Pu-239 and Pu-240 in treated well water exceeds the
EPA limit by a factor of 11. The Pu concentration zxceeds the EPA
Timit because it has heen assumed that 1 percent of the plutonium
inventory moves with the speed of groundwater. The combined
concentration of U-234, U-235, and Y-236 in treated well water,

all decay products of Pu isotopes, is a factor of nine Tess than
the EPA 1imit.

Other barriers, that could lower the release of radionuclides,

can be imagined in addition to the ones discussed. For example,

the salt surrounding the WIPP repository contains significant

amounts of clay which is known to selectively .bind uranium and
piutonium (Ref: 14):- Two clay seams are reported at a depth of

2124 to 2134 feet which is 20 to 30 feet above the flgor of the
repository. The clay could thus act as a barrier with a signi-

ficant dilution factor. Data from the planned WIPP experiment may -
help guantify this dilTution factor.

Based on the conservative assumptions used, the planned inventory of
radionuclides in the waste would not present a significant risk to
health from a well three miles from the site, even if a breach and
transport of the waste to the well is assumed. For this to be true,
however, it is particulary important that the major fraction of the
plutonium be retarded by adsorption on the rock during its passage
from the repository to the well.
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FOREWORD

The purpose of the Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the potential vadiation exposure to
people from the proposed Federal radicactive Waste Isolation Pilot Plant
(WIPP) near Carlsbad, in order to protect the public health and safety
and ensure that there is minimal environmental degradatiom. The EEG is
part of the Environmental Improvement Division, a component 2f the New
Mexico Health and Environment Department — the agency charged with the
primary responsibility for protecting the health of the citizens of New
Mexico,

The Group 1s neither a proponent nor an opponent of WIPP.

Analyses are conducted of reports issued by the U, S, Department of Energy
(DOE) and its contractors, other Federal agencies and other organizations,
as they relate to the potential health, safety and enviroanmental impacts
from WIPP.

The project is funded entirely by the U. S. Department of Energy through
Contract DE-AC04-79AL10752 with the New Mexico Health and Environment

Rasn) i

- Robert H. Neill
Director

Department.
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Y INTRODUCTION

The Environmmental Evaluation Group has reviewed the Final Environmental Impact
Statement on WIPP (DOE/EIS 0026) and has submitted written comments to the U.S.
Department of Energy. Due to the length and complexity of the documents, the
EEG was not ablé to complete, to its satisfaction, a comprehensive review in
sufficient time to meet the deadline of December 8, 1980. Thus, preliminary
comments were transmitted on December 8th and supported Governor King's

November 4, 1980 request for a 45 day extension.

On January 15, 1981 the final and more detailed supplemental comments were

submitted. Both of these transmittals are incorporated in this report.

i1



RADIOLOdiéAL HEAITH REVIEW OF FINAL ENVIRONMENTAL IMPACT
STATEMENT ON WASTE ISOLATION PILOT PLANT, DOE/EIS-0026,
VOL. I AND II, OCTOBER, 1980.

SUMMARY

Pursuant to the requirements of the National Enviroomental Policy Act of
1969, the Department of Energy has provided in the Final Envircomental
Impact State (FEIS) a comprehensive review of the potential radiological
impact of the proposed Waste Isolation Pilot Plant, referred toc in the
FEIS as. "the authorized alternative.'" The EEG has reviewed this docu-
ment to determine {a) the changes made in comparison with the Draft En-
vironmental Impact Statement (DEIS); (b) the adequacy of the DOE's eval-
uation of the potential- radiological impact: (c) the thoroughness of the
DOE's response to the comments of the EEG on the DEIS; and (d) other
issues which should be addressed by DOE more fully prior to beginning

construction of the WIPP.

Based on . .r review of the FEIS, the Department of Energy has incorporated

and addressed the majority of the concerns, questions and recommendations that
the EEG provided to them in our August 1979 review (Reference 2) of the Draft
Environmental Impact Statement on WIPP and the FEIS provides a generally satis-
factory evaluation of the potential radiological impact. Theres are, however,

a number of areas that have yéf to be adequately treated by DOE and should be
acted upon and resolved prior to beginning construction of the WIPP. The

more important issues are listed below, and are discussed in more detail in

our December 8, 1980-and January 15, 1981 comments on the FEIS.

1) EEG has referred to various statements and data in the FEIS, Geologi-
cal Characterization Report on WIPP (Reference 12), and the Safety
Analysis Report (Reference 8) which indicate possible instability in the
area just north (1.2 to 3 miles) and southwest (less than 1 mile) of
ERDA-9, and at depths near the repository horizon. EEG continues to have

concern as to how this zone of anomalous seismic reflection data will

iv
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RADIOLOGICAL HEALTH REVIEW OF FINAL ENVIRONMENTAL IMPACT STATEMENT ON
TN
WASTE ISOLATION PILOT PLANT DOE/EIS-0026, Vol. I and II, Cctober, 1980

INTRODUCTION

The Department of Energy appears to have incorporated and addressed the
majority of the concerns, questions and recommendations that the EEG pro-
vided to them in our August 1979 review (Reference 2) of the Draft

Environmental Impact Statement on WIPP.

There are, however, a number of areas that do not appear to have been ade-
quately addressed. These and other areas are discussed in the following
sections. The limited time available for this review does not permit s
to determine with certainty the adequacy of either the FEIS or these pre-

liminary comments.’




INVENTORY OF»RADICACTIVE MATERIAL

EEG recommended in September 1979 that the Final EIS contain estimates of
the radiocactivity to be present in the repository and the uncertainty
associated with the estimates. That was not done, although page 9-127 of
the FEIS does show 539,000 curies of transuranic activity at 1000

years.

While the following table presents our estimates of the radicactivity, the

information did not permit estimates of the uncertainties.

Radioactive Inventory of WIPP at the Time of Closure

Radiocactivity Voluge

{Curies) Emplacement {(£t7)
CR-TRU 2,800,000 Permanent 6,200,000
RH=-TRU 5,100,000 Permanent 250,000
HLW 17,000, 000 Temporary 150




RESOURCE EXTRACTION

_\r
There has been a slight shift in language in the Final EIS on rthe degree of
mineral extraction that may be permitted in the various zones. Exact com-
parisons are not possible because various sections in both Draft and Final
give different impressions of what may be permitted. The wording in the
Final EIS appears to be predicting a greater degree of extraction,

especially in the inner zones. These statements are paraphrased below.

Draft EIS - On page 3-6 it is stated that Zone IV will eventually be released

for resource exploitation ( no mention of other zones). On page 8-1 it is

said that only DOE drilling would be permitted in Zones I & II; possible resource
extraction would be allowed in Zone III pending outcome of studies; potash

mining (no solution mining) and hydrocarbon extraction (no secondary recovery)

may be permitted by DOE. Om page 9~21 it is stated that mining and drilling

may be permitted‘in Zone IV but hydrocarbons could be extracted from under

Zone IV by deviated drilling from outside Zone IV. There is no mention of possible
recovery from under Zones I, II, or III. On page ll-} the statement is made that
it may eventually be possible to recover hydrocarbong from beneath all zones

by deviated drilling from outside Zone TIT.

Firal EIS - The Executive Summary (page 6-14) says that hydrocarbon resources
can be exploited by deviated drilling from outside zone IV or by vertizal and
deviated drilling within Zone IV. Potash reserves in Zone IV may be mined;

the consequences of mining in Zones I, II, III are currently being evaluated.
Page 4-5 says that mining for hydrocarbons and potash in Zone IV is expected and
that all the natural gas could be recovered by deviated drilling from Zome Iv.
On page 9-27 the words "may" and "would" are both used in reference to potash and
hydrocarbon extraction in Zone IV. Statements on page 11-1 say that potash

and hydrocarbon extraction from Zone 1V will not affect site integrity but it

is not clear what the consequences would be of mining langbeinite from the

inner coantrol zones.
Qur concerns with the issues are:

1. It is uncertain just what restrictions DOE presently plams to put on extraction

from Zone IV and for deviated drilling beneath the inner zones.
s

r‘f@




The possibility of potash extraction in the inner zones 0f the site direPctly
above or qeai the storage rooms is of particular interest. Mining activity,
with possible blasting, 400 feet above the waste horizon could significantly
reduce the safety factors that would be expected from storage at a depth

of 2150 feet below the surface in a formation that is 2,000 feet thick.

We have not seen the evaluations that led to the language in the Drarft nor
the subsequent evaluations that apparently give DOE a greater confidence
in the ability to extract minerals without threatening site integrity.

It will be necessary to review these reports in order to be assured that
DOE's conclusions are valid.

The time table for making these decisions and the procedure for deoing

so needs to be known so that EEG can have input into this process.



h ]

DENIAL OF MINERAL RESQURCES

Section 9.2.3.1 and related sections of the FEIS clearly describe the mineral
and hydrocarbon reserves at the site, their relative economic imvortance,
and attractiveness for potential extraction in the future. EEG still has
concerns about this possible future attractiveness and the methodoiogies
for mineral amd hydrocarbon extraction currently proposed by DOE. These con-
cerns are clearly stated in this FEIS review under sections entitled "Decom-

missioning" and "Resource Extraction.”

EEG's comilation of references on "People-Made Penetrations'" and "Conflict
with Natural Resources'" contained in EEG-1 (Reference # 10) inventoried in
detail recommendations regarding repository sites with mineral and hydro-
carbon resources. This and subsequent work in this major issue area has led
EEG to emphasize the necessity to quantitate potential radiation risks
associated with resource extraction at the site as currently proposed by DOE

and the long-term risks with future extraction after site decommissioning.



WASTE ACCEPTANCE CRITERIA

Except for one change (the criterion for restricting toxic materials),

Chapter 5 on Waste Acceptance Criteria is unresponsive to the comments of EEG.
(See Reference 4 and pp. 4, and 20-24, Reference 2.) Because the SAR (Refer-
ence 8) makes it clear that the contents of the waste shipments will not be
analyzed at WIPP to determine compliance with the criteria limiting toxic and
corrosive material, sludges, pyrophorics, powders, and fissile material, the
FEIS should have indicated how compliance will be assured, or evaluated the

environmental impact assuming no compliance.

Page 15-36 of the FEIS states that the quality assurance system to insure com~
pliance by the shippers with the WAC will be developed before the start of the
WIPP operations. However, these procedures are germane to the hazard evalua-
tion and environmental impact of the WIPP operations and therefore should
have been included in the FEIS.

The FEIS discusses the possibility of processing the waste before shipment, and
there is a strong implication-that the waste will be processed by slag pyrolysis.
If so, the WAC would be met. If the waste 1s not processed how will compliance

be assured? What methods and what audit procedures will be used?

On page 9~176 of the FEIS, it is recognized that overpacking of the waste
containers at INEL would not provide compliance with Waste Acceptance Criteria.
Yet the overpacking procedures described in Section 9.8 indicate transfer of
the packages to the rail car and then to the WIPP with no plans indicated for
evaluation of the waste to assuré compliance with WAC. There are also no
plans to evaluate the waste at WIPP.

On page 8-26 of the FEIS, we note, also, that waste packages which would not
meet the WAC may be shipped from WIPP to other sites for processing. Criteria
are needed for such shipments, and DOE should evaluate the possible hazards

associated with such shipments.

It was noted that the wording of the criteria in Chapter 5 remains ambiguous



or misleading. There is clear implication that WIPP will analvze the waste to
determine if it wiil be accepted, and have it returned if it is unacceptable.
EEG objects to such wording, and urges that it be revised to clearly indicace
that the shipper--not WIPP-~is responsible if the criteria are not met.
Furthermore ambiguities resulting from the phrase "will be accepted" or "will -
not be accepted” should not be used. The DOE legal staff should also review
the criteria to be certain that the wording is construed as legally mandatory
on the part of the shipper, and that vague statements will be revised as pre-

viously recommended by EEG (References 2 and 4).

We also note small inconsistancies between the FEIS Waste Acceptance Criteria
and the criteria published in WIPP-DOE-069, Reference 5. For example, the
criterion in the FEIS limiting gas generation states the total gas produced
from contact-handled waste by all mechanism may not exceed 10 moles per cubic
mecer of disposal room in the WIPP., The WIPP-DOE-069 limits the gas to 10
moles per cubic meter of disposal room per year in the WIPP. Ts this an
inadvertent deviation or has the criterion been changed? Also the FEIS cri-
terion for "immobilization"” indicates that no dry powders "will be accepted,”
whereas WIPP-DOE-06% limits the dry powders to 1% of the waste matrix weight.

Neither the FEIS nor any other DOE report has provided criteria for the high
level waste. These criteria zlso are needed for the evaluation of the environ-

mental impact of WIPP.

Another concern which has not been addressed in the FEIS is how the WIPP faci-

lity will assure that the drums do not contain explosive gas mixtures at the

time of retrieval, should retrieval prove necessary. (See p. 3-15, Reference 3.)



TRANSPORTATION

r

We recommended that a number of dosage estimates be performed including acts

af sabotage, doses to cemergeney workers, cxposures to people in cars sLopped
next to a truck with radiocactive waste., These estimates are included tn the
FEIS.

DOE did not include our recommendation to estimate doses from the ingestion
of contaminated food following a tramsportation accident with a release of
radiocactive material based on their belief that corrective action measures
including the condemnation of food and decontamination of farmland would
be promptly taken. EEG believes that an assessment of possible radiation
doses by these pathways is important for two reasons:
1) to indicate if radiation doses could be high enough to
require short-term protective measures or long-term land
ugsé controls;
2) to estimate the amount of low-level, long-term dose that may be
unavoidable if such a release occurs.

We have published such an analysis entitled Calculated Radiation Doses From

Deposition of Material Released in Hypothetical Transportation Accidents

Invelving WIPP-Related Radiocactive Wastes, by Dr. James K. Channell, EEG-5

{(Reference 6).

More detailed comments concerning information contained ia Chaprer 6 ot lhe

FEi~ are provided bel: w:

6-4* The Regulatory responsibilities of the New Mexico State Government and
the Federal Government affecting the transportation of radiocactive wasrte
to WIPP meed to be clarified. EEG will bring this matter up to the

appropriate agencies.

6-12 According to the FEIS, CH-TRU waste shipped from Hanford, LASL and
SRL will not be directly considered in the impact analysis. The
following analysis indicates that 1/3 of the CH-TRU waste to be shipped
by volume is not being considered in the impact statement for dosage

estimates in transportation.

. ®
These numbers refer to the chapter and page number of the FEIS.

-9~



6-13

6~15

" CH TRU TO BE SHIPPED TO WIPP (10/1/86)

Source
INEL
Rocky Flats Plant
Hanford
LASL
SRL

apage 2-17
bpage 6=-17

Considered in 3 . Duse Coilcalai toens
FEIS 10~ Cu tt in FEIS
ves 2376a yes
yes 100b ves
no 8552 no
no 2492 no
1o 109° no

The truck routing concept used by DOE for transuranic and high

level waste appears different from NRC guides relating to the

shipment of sp;nt fuel.

Both use interstate highways but NRC

bypasses large cities such as Albuquerque whereas Figure 6-3

on page 6-15 appears to have the trucks pass through the cities.

According to the FEIS the tramsportation amalysis will not include
RH-TRU from ORNL, LASL and Hanford.
782 (69/89) of the RH-TRU waste by volume to be shipped to
WIPP is not being considered in the FEIS.

Considered in

From the following analvsis,

RH TRU (1986)

Source FEIS 10% cu £e?
INEL yes 20
ORNL no 52
Hanford no
LASL no 9

Total 89
apagc 2-17

-10-

Dosage Calculation

in FEIS

ves
no
no

no



6=-17

6-18

6-19

The FEIS calculations of the radiological impacts of waste transport

under normal condition assume that 370,000 ft3 of CH waste and 4,200

A ]

ft” or BH waste will be transported annually from INEL and RFP to WIPP
{(page 6-17). The breakdown of the data is given in tables 6-2, 6-6,
6-7, and 6-8 of the FEIS.

The calculations may not be conservative for the following reasons:
The WIPP design criteria report, WIPP DOE 7L, states that for a three-

shift-per-day operation, the annual design capacity wilj_be14200,000ft3(3fCH