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made clear that although as much of Yuccs Mountain data were used in PACE
as possible, that the results are not to be interpreted as an assessment of
that site,

Ms. Holly Dockery (SNL) introduced the nominal case which consisted of up
to 11 hydrogeologic units (all PACE participants did not use the same number
of units in their modeling effort) with a uniform 0.01 mm recharge rate.
Generally equivalent continuum models were used with no geometric inclusion
of faults and fractures. The models varied from one- to three-dimensional
and were generally steady state. Only liquid pathways were considered in
the nominal case.

Dr. Mick Apted (PNL) presented the work on source term. For the source
term, all waste packages falled at 300 years, but liquid water did not
contact waste form in a package until its temperature was lowered to 96
degree Celsius. Thermal analysis was used to determine the 96 degree
isotherm to determine when contribution to source term from a particular
waste package started, Only four nuclides (Tc-99, 1-129, Cs-135, and Np-237)
were considered. For the source term a {low rate of 0.5 mm/year (compared
to 0.01 mm/year for far-field transport) was used. For calculating the
source term, a fractional alteration rate of 10'® for U0, was used. Dr.
Rawley Barnard (SNL) presented the main results of the nominal case.
Calculations were in a deterministic mode. Results were presented as plume
locations at 10,000 years rather than as CCDFs at the accessible boundary.
From one-dimensional codes, this amounted to finding the penetration depth
of the plume. For calculating mass transport, the fluid flow was assumed
to be 4t steady state. Cesium-135 with the highest retardation coefficient
(610) did not show any movement. The non-retarding lodine-129 showed the
most movement, however, because of the low recharge rate (0,01 mm/year), the
transport was dominated by diffusion, In two- and three-dimensional

modeling, the plumes were. therefore, symmetric around the repository
horizon.

Dr. Bill 0'Connell (LLNL) presented his results on the sensitivity analyses
of the source term. He formulated an analytic relationship to find the
sensitivity of the source term to alr gap dimensions and package failure

rates. However, this work was not directly related to the nominal case
discussed above,

Ms. Maurine McGraw (PNL) presented her analysis on sensitivity of far field
models to assumptions on boundary conditions. She indicated that recharge
at the Yucca Mountain may occur from outcrops at the side of mountain. She
compared the moisture distribution calculations based on different
assumptions on boundary conditions, i.e., fixed pressure versus zero flow
versus flow bound~ries. Her work indicated that with the assumptions in the
model, the boundary effects penetrated a small distance from the boundary,

Ms. K. Birdsell (LANL) discussed her three-dimensional transient simulation
of the plume. Although the stratigraphy used by her was different from the
nominal case, she compared her results to those obtained from the nominal
case. The three-dimensional simulaticn was foun! to lead to greater spread



of the plume as compared to lower dimensional models. Ms. "iudsell
presented her results in a video form.

Dr. Paul Kaplan presented his probabilistic analysis of tle ground water
travel time. He explained the use of the maximum entropy principal in
selecting parameter probability distributions. In view of its flexibility
repgarding shape (it is a four parameter distribution), he seems to favor the
beta distribution. His results showed that given the present data and his
assumptions there i{s 118 probability of viclating the 1,000 year travel time
criterion. This conclusion, however, is based on the assumption that there
is 8 continuous fracture pathway. He proposes this analysis to define his
data needs for site characterization.

Mr. Jack Gauthler (Spectra) discussed his analysis which was designed to
check the ccrrectness of the 0.0l mm/yr recharge at Yucca Mountain., Taking
saturation data from a few bore holes, he conducted his analysis to see what
recharge rate will produce the observed saturation profile in the steady
state. He used the one-dimensional TOSPAC code for the analysis. A rate
of 0.01 mm/yr seemed to approximate the observed saturation profile. Of
course, in addition to many other assumptions, his analysis also suffers
from the assumption that the observed profiles are steady state,.

Dr. Tom Buscheck (LLNL) presented results of his two-dimensional transient
analysis taking into consideration discrete fractures, His analysis
indicated that the equivalent continuum assumption underestimates the effect
of fractures {n calculating advances of saturation fronts.

Dr. George Barr (SNL) discussed the fault tree approach of defining
scenarios. Assignment of probabilities to the scenarios was not discussed.
Three scenarios were discussed in some detail,. G. Valentine (LANL)
discussed the basaltic volcanism scenario. He postulated a sill penetrating
the repository horizon. The thermal effects in terms of air convection were
discussed, again with the help of a video. Dave Gallegos (SNL) discussed
the climate change scenario., This scenario was reduced to an elevated
recharge scenario with or without water table rise. The results were
presented in terms of ground water travel time. The travel time was
calculated to be shorter for higher recharges. A. Macintyre (LLNL) talked
about the human intrusion scenario. She indicated that the work has
progressed to the point of defining a scenario, but the scenarioc has not
been analyzed yet. The scenario consisted primarily of less of drilling
fluid in one of the drifts.

Dr. Russ Dyer (DOE) concluded the workshop by thanking participants. He
emphasized that other work related to performance assessment is ongoing in
DOE. The NRC and the State of Nevada had no concluding remarks.



IKPRESSIONS /CONCLUSIONS :

The informal technical exchange format is excellent i1.r learning from each
other. Most participants seemed to speak freely and the exchange seemed to
oceur in an unconstrained manner. The information provided is helpful in
learning the status of DOE's use of performance assessment as well as any
advances in the technology.

RECOMMENDATIONS

The technical exchange format should be pursued to talk about some specific
topies. These should include method for developing alternative conceptual
models and their inclusion in PA; Definition of scenarios; and effects of
simplifying PA models.

SICNATURE:!

b
P. Nair
Manager - Engineered Barrier System

REFERENCES

1. Attendance sheet.

2, Agenda - FPA Briefing on Performance Assessment, November 27, 1990.
- § Agenda - DOE/NRC Technical Exchange on Performance Assessment,

November 28.29, 1980,

b, High-Level and Transuranic Radioactive Waste Background Information
Document ., dated June 29, 1990,

CONCURRENCE SIGNATURES AND DATE:

210
Date
Ly r
Date

‘ &
Director-Sysfems Engineering and Integration



CPRA  BREFINEG on

1l /50
UAmeE
ARk DéCcsATT!
/Torn fTalleayd
Lt M Cop lon
HNeatin /,: SENVE -
[j VT 1E SE e AU S E

Bl FtmstholF
Fe | ton 'B;v\:.)\/\AW\
L& SHeraarn
7?7&('/ f,’” L’L‘}l /41« 3
Stevan "’:’?omhlr 3
C_’Awb pr‘//d/ﬂ
Pawl W. Esl\n:&gr

CHerye Hasrines

T Semser oz
AOREA R oA
Srw X Chonnel

/{‘c\x r)HnJ : ;A/‘:’/ACCI :"

Cwss Q{L
[ﬂ"ﬂ(—

PereRr  SPEeGeen

DMINE N

A TTENDANCE

oRE

AR C.

NIEC.
MR &
AR C
A g
(lIeC
SNL
S/ e

[ cts; %Jﬂd 5: ,
A 4
PoF

PNL

pr L

SR SLA T

S0 W LA [TMSD

M Eny, Evokie fn Goop

Usas. HQ/O.( 3 /fq

M/ Ym SC PO
/'/,-er or /Vﬂ‘.vﬂpy

STATE oF WNEVAD A

PERFAIVUNCE  ALsessme~T

TECCPA

¥ 2-0v3(
Bo) - Y7202~
0 /=4 9%- OO
20/-¢92 - 0By
208 958~ 9K/
707 388 blls
(&os) 844~ 8%/
S - 360y
713- ¥32- FI€b
(o8 8C- 6997
F78 &9¢-7LSY
509- 376 ~A797
) -088
6D5?u )3 L?zsf’?’ ‘o i"'%*‘(

FTS -4 -TTHS
(Ees) FF4-38318
Qov) 586-/24 Y
(7o) 194--1586
(702)¢87-3744
(70n) 687 -37 4¢



0217,

A TTE YDANCE

A PA BRIeFinG o

VAME
¢ 7
’)l)l»"(/(c/‘ ISUNTeA/
LeSlhe  Javdine

Covwvine. Macafus»
Hober? Ajfeir
-Sun Park
:‘ha-. ’e‘.» RMSCOMCL.«AO
13¢c ?&/350
P)’\"C\l i g}'\c) C‘i,"y’
VAl @/I e?’((
LAVID HMICHLEWIC2
"LLFFE NoEsNHA

0£¢&
€A
LLNL
WE/H
SA L
SALC
Dok /HQ
£ Pk
A WnN Fa
N
WE=STOA

WESTEN

Pér Formance Rsseume7

ﬂ/o,pe’,
2c2 Y76 9433
Hi1€ 43 So32
WL “STE 28T
Sos- FT9¢-5355
202 ~79¢ ~P6¢ 3
Qo2 5&6 43473
102 4K 5627
12 = X)) =y"ey L
S'/":"\/ ) 4 G2 -3 b /
(208)64(- 6658
(202) b4s- 6768



. | PUGREIT

aR, MRl 4081

{37 TEL NO1381 432-1137 «USNRCs #9074 PE2 94

£ BRIEFDO ON PERFOBMANCE AMRSENDNT
Movesber 27, 1M0
1100 = 8i00 M
Albuquergue MAFiott Metel
Abuguergue, W
PURPOAE: T S"‘“’ an opportanity for ERA to present its approach to
performance sasessamnt ad & forom for exchange of performence
assesament sssumptions and methodologies with DR and NXC.
dends_fenis PASSURRARD bt ©

o EPA parfosmance ssessment results in support
of re-promilgetion of 40 CFR 101

Open disoussion
Miourn

0998 W P01




TUO:CTR FOR NUCLR WARSTE

) NOV-20~'90 TUE 11:12 IDINRC WHITE FLINT PLI? TEL ND: - s e MRS
' L1784/00 b0 TR TOOB BAIC Lae Vo4 %003

wovesber 14, im
AIEEN

Novesber 38-30, 1PN
8:00 « BeO0 M
hursdey §:100 - 5100

Albuguergue Marriots Revel
a&."‘."u’; e

PURPOSE! 10 discuss pesformance aseessment ealoulstion emerciees (PACE)
Wug during fiscal ywer 1990 and DOB's planned responses Lo SO
comment 1.

POOPET This technicel exchange will foous on performance sssesement
ealculation exercises (PACE), including hn:rln of Aomd e
oabs, sangitivity studies, cvlated sfforts, &
eenfigurations, Puture work in this eres wiil alse be presented.
Discussions of the Test and Bvaluasien Plan end performance
assetmment orghnisation will address DOS's plenned respenss to BCA

Comment i .
Madpesdy, Wovesber M. 1000
Agonds TeRis Riosuanien loader
Opening hemdixe DEN, MRC, Btate
o Introguesion Dos
o Dieovseion of SCH Qemment ) e 3

« Puamary of DOG's
3 munuxuu: Plan
:m-lma- Planning Basis

OLBANGE ASSMEMAnt Orgenisdtion
acussian [+9}

i l4 B0 01:28 PN PO2




Peifotmencs Aasesement Omloulation Exaroises
tocr riscal Year 1990

o Meminel oale oo ]
intreduotion and desc tien
peures termd

Comperison of COVE i and WYDRCCDIN
Sumary and osmparison of remults

Discussion
o Banaitivity studies
e BOutos ters sensitivity studies
» Boundary cordition sensitivity studies
« Teanspost caloulations in GAree dimensichs
B acuseian (%)

adjoum

g E

Sassiy, Wevesbyr 29, 1999

Qpening remarks, comments £rom Bay H DOR, MRC, Btate

Performance Assesmment Calouletion Beercises
for Piowsl Your 100 (cuntinued)

o Nelated efforts 208
;B S e R AT Do
- averse tions
« Nopeequilibrium frecturs flow
od soumsion all
o Disturbed Cenfiguretions £ok
« Update oo evant tLrees &nd soenariv devel
« BOsaltic volomnien FON and preliminary .mun
« Climste ted fiux cases
~ Bumen intrusion PEN and preliminary celoulstions

piscussion all

i4. 44, 00 01 2% PM POD



TQ‘-:?Q'T%;R’LEFHSB XDU*ELWITbgagIg” TEL ND:i3@1 482-1137 «USNRCe 4274 PSR4

NOR-RC TECRG CAL BSynee O PERPOIOONCE AR RS KXRNT
(oartinued)

Amrsis TRRAS Ripousgion Lesdel

Porforaance Asseemmenc Caloulation Bxersised
for rises) year 1080 (continued)

o Puture work Dok

Pukure strueture of PACE
Prababilistic analyses

Melesion to COVE and INTRAVAL
Relasion to site suitability wd iees cepclution

Dd pwrune Ler all
Consluding discussion and final remarks pOE, MWD, Brake
M jourm

i

111690 0129 PN P4



« AGENDA -

DOE/NRC TECHNICAL EXCHANGE
ON PERFORMANCE ASSESSMENT

NOVEMBER 28 - 29, 1990

WEDNESDAY, 11/28

8:00 AM
- OPENING REMARKS (DOE /NRC / STATE)
- INTRODUCTION (ﬁ; DYER / DOE - YMSCFO)

- DISCUSSION OF SCA
COMMENT #1 AND DOE

RESPONSE (R. DYER / DOE - YMSCPO)
- TEST AND EVALUATION

PLAN (R. DYER/DOE YMSCPO)

10:30 AM - BREAK - ST

10:45 PERFORMANCE ASSESSMENT CALCULATIONAL
EXERCISES FOR FISCAL YEAR 1990 (PACE-QO)

- WESCRIPTION OF NOMINAL ., <o
CASE (M. DOCKERY/SNL)

- RADIONUCLIDE SOURCE
TERM (M. APTED / PNL)

12:00 - LUNCH -



« AGENDA -

DOE/NRC TECHNICAL EXCHANGE'
ON PERFORMANCE ASSESSMENT

~

NOVEMBER 28 - 29, 1996

WEDNESDAY, 11 /28
1:00 PM PACE-90 NOMINAL CASE (CONTINUED)

- COMPARISON TO COVE 2A i+
AND HYDROCOIN (P. HOPKINS / SNL)

- SUMMARY AND COMPARISON
OF RESULTS FOR PACE-90

NOMINAL CASE (R. BARNARD / SNL)
2:45 - BREAK -
3:00 SENSITIVITY STUDIES
- SOURCE TERM SENSITIVITY

STUDIES (W. O'CONNELL / LLNL)
- BOUNDARY CONDITION s

SENSITIVITY STUDIES (M. MCGRAW / PNL)
- TRANSPORT CALCULATIONS IN

THREE DIMENSIONS (K. BIRDSELL / LANL)

5:00 - ADJOURN -



« AGENDA -

DOE/NRC TECHNICAL EXCHANGE
ON PERFORMANCE ASSESSMENT

NOVEMBER 28 - 29, 1990

THURSDAY, 11/29 8:00 AM
- OPENING REMARKS, COMMENTS

FROM DAY 1 (DOE / NRC / STATE)
PACE 90: RELATED EFFORT
- INTRODUCTION (R. DYER / DOE - YMPSCO)
- THEORY BEHIND PROBABILISTIC

APPROACH TO PA (P. XAPLAN / SNL)
- COMPARISON OF HYDROLOGY

DATA WITH "INVERSE" o

CALCULATIONS (J. GAUTHIER / SPECTRA)
- NON-EQUILIBRIUM J

FRACTURE FLOW (T. BUSCHECK / LLNL)
10:30 -BREAK-

10:45 PACE - 20: DISTURBED CONFIGURATIONS

- UPDATE ON EVENT TREES AND
SCENARIO DEVELOPMENT  (G. BARR /SNL}

- BASALTIC VOLCANISM (G. VALENTINE / LANL)
12:00 - LUNCH -



« AGENDA -

DOE/NRC TECHNICAL EXCHANGE
ON PERFORMANCE ASSESSMENT

NOVEMBER 28 - 29, 1990

THURSDAY, 11 /29

1:00 PM PACE - 90: DISTURBED CONFIGURATIONS
(CONTINUED)

- CLIMATE CHANGE /
ELEVATED FLUX CHANGE (D. GALLEGOS / SNL)

- HUMAN INTRUSION CASE  (A. MACINTYRE / LLNL)
2:30 PM - BREAK -

2:45 FUTURE WORK (R. DYER / DOE - YMSCPO)

4:00 CONCLUDING DISCUSSION
AND FINAL REMARKS (DOE /NRC/STATE)

- ADJOURN -




Arthur D Little

High Level and
Transuranic
Radioactive Wastes

Background
Information
Document

June 29, 1990

Submitied to Environmental
Protection Agency
Office of Radlation Programs

Arthur D. Little, Inc.

Acorn Park

Cambrigge, Massachusetts
02140-2390

Reference 64582



Table of Contents

Page
8.5 High Level Radioactive Waste Disposal 8-1
8.5.1 Population Risks 8-1
85.1.1 System Models 8-1
RS 12 Site Parameters 8-3
85.13 Repository Parameters 8-8
8514 Waste Form Parameters 8-13
8515 Release Mechanisms 8-15
8516 Risk Assessment Results 8.22
85.1.7 Uncertainties in the Risk Assessment 8-47
8.6 Transuranic Radloactive Waste Disposal 8-62
8.6.1 Population Risks 8-62
86.1.1 System Model 8-62
86.12 Site Parameters 8-64
8.6.13 Repository Parameters §-65
86.14 Waste Form Parameters 8-71
86.15 Release Mechanisms 8-71
86.16 Risk Assessment Results 8-78
86.1.7 Uncertainties in the Risk Assessment 8-75

Arthur D Little



List of Tables

Table 8.5-1: Site parameters considered in risk assessment

Table 8.5-2: Geochemical parameters used in risk assessment
Table 8.5-3: Repository parameters considered in risk assessment
Table 8.5-4: Breakdown of the Inventory by Nuclide

Table 8.5-5: Releasc mechanism parameters considered in risk
assessments

Table 8.5-6: Fatal cancers over 10,000 years by relase mechanism
and radionuclide

Table 8.5-7: Summary of Events Inciuded in CCDF Base Case

Table 8.5-8: Summary of Events Included in CCDF
No Retardation in Lower Aquifer

Table 8.5-9: Summary of Events Included in CCDF
Solubility Increased by a Factor of Ten

Table 8.5-10: Summary of Events Included in CCDF
Greater Volume of Water for Dissolution

Table 8.5-11: Summary of Events Included in CCDF
WISP Retardation Values Used in Aquifer

Table 8.5-12: Summary of Events Included in CCDF
Aquifer Porosity Reduced by a Factor of Ten

Table 8.5-13: Summary of Events Included in CCDF
Drill Hit Modified: Horizontal Emplacement

Table 8.5-14: Summary of Events Included in CCDF
Larger Borehole Diameter

Table 8.5-15: Summary of Events Included in CCDF
Volcano Modified: Highest Sandia Probability

Table 8.6-1: Repository Parameters
Table 8.6-2: TRU Waste Inventory

Arthur D Little

Page

8.7
8-9
8-14
8-17

8-26

8-38
8-39

8-40

8-41

8-42

3-43

8-44

8-45

8-68
8-72



List of Figures

Components inciuded in the nsk assessment of
rwoactive waste releases

Cross section of the rock formation at the generic
repository site

Underground Repository Layout

Underground Repository Lz out for Vertical
Waste Emplacement

Population risks from disposal in geologic
repositories (reference cases)

Population risks from disposal in geologic
repositories (loganthmic scale, reference cases)

Complementary cumulative distribution functions of
the population risks for disposal in basalt and tuff

Figure -8: Complementary cumulative distribution functions of
the population risks for disposal in bedded salt

Figure 8.5-9: CCDF for Base Case
Figure 8.5-10: CCDF for No Retardation in Lower Aquifer
Figure 8.5-11: CCDF for Solubility Increase by a Factor of Ten

Figure 8.5-12: CCDF for Greater Volume of Water for Waste Dissolu.on

Figure 8.5-13: CCDF for WISP Retardation Values Used in the Aquifer

Figure 8.5-14: CCDF for Aquifer Porosity Reduced by a Factor
of Ten

Figure 8.5-15: CCDF for Horizontal Emplacement of Waste
Canisters

Figure 8.5-16: CCDF for Larger Borehole Diameter
Figure 8.5-17: CCDF for Modified Volcano Probability
Figure 8.5-18: The effect of canister life and waste form leach

rate on population risks for three potentally
suitable repository media

Arthur D Little




List of Figures (continued)

Figure 8.5-19:

Figure 8.5-20:

Figure 8.5-21:

Figure 8.5-22:

Figure 8.5-23:
Figure 8.6-1:
Figure 8.6-2:
Figure 8.6-3:
Figure 8.6-4.
Figure 8.6-5:

Figure 8.6-6:

Figure 8.6-7:

Figure 8.6-8:

Figure 8.6-9:

Figure 8.6-10:

Figure 8.6-11:

Figure 8.6-12:

Effect of canister life and waste form leach rate on
radiation exposures from drinking ground water at 2
kilometers from repository

Effect of geochemical parameters on population risks for
different geologic media

Effect of solubility limits on population risks for
americium in different geologic media

Sensitivity of population risks to repository distance
to the accessibie environment

Sensitivity of population risks to event probabilities
Schematic of the Salt Repository

Salt Repository Layout

Design of Lower Shaft Seal System

Design of Panel Seals

Variation of estimated performance with alternative
assumptions about distance to accessible environment

Variadon of estimated performance with alternative
assumptions about ume of drilling events

Variation of estimated performance with alternative
assumptions about aquifer travel time

Variation of estimated performance with alternative
assumptions about aqr'“*+ distribution coefficients

Variation of estimated performance with alternadve
assumptions about borehole hydraulic conductivity

Variation of estimated performance with altermative
assumprions about water source to future borehole

Variation of estimated performance with alternative
assumptions about pressure at repository level

Variation of estimated performance with alternative
assumptions about radionuclide solubility

Arthur D Little

8-51

8-54
8-55
8-56

8-58
8-66
g1 F
8-69
8-70
8-76

8.77
8.78
8-79
8-80
8-81
8-82

8-83



8.5 Migh Level Radioactive Waste Disposal

8.5.1 Population Risks

8.5.1.1 System Models. The waste disposal systems considered in this nsk
assessment are based on current DOE plans to develop mined geological
repositories for disposal of high-level radioactive wastes. Such repositories consist
of underground mines or excavations with working levels between 300 and 1000
meters below the surface. The repositories being considered are in rock formatons
of bedded salt, salt domes, basalt, and tuff. Recent focus has shifted to evaluating
tuff as a host rock for disposal of high level radioactive waste.

The radioactive wastes themselves will consist of either spent fuel from nuclear
power reactors or solidified reprocessing wastes in a relatively durable form, such
as borosilicate glass. These wastes will contain a wiGe variety of radioactve
elements, ranging from highly antive fission products with relatively short lives, to
long-lived elements such as transuran.: radionuclides created through neutron
capture by uranium atoms. For disposal in a mined geologic repository, the wastes
would be packaged in canisters and placed in holes in the walls or floors of mined
rooms in the repository. After emplacement of the wastes, the repository would bg
backfilled to enhance its mechanical stability and Me movement of fluids;
The repository's various connections (e.g., shafts oles) to the surface
would be severed and sealed. The intent in selecting a repository is to provide a
highly stable geologic environment in which ground waier contact with the
radioactive waste is inhibited or greatly restrained. However, despite the care that
will be exercised during the development of a repository, possible future
disruptions could iead to the release of radioactive wastes.

The purpose of the Wcm«i out by the Agency is to identify the
most important mechanisms that could lead to releases of radioactive waste to the

accessible environment and to estimate the likelihood anc consequences of the
releases over long time periods in the future. While this analysis varies from one
geologic environment to another, the structure of the analysis can be represented as
shown in Figure 8.5-1. The components of the system to the right of the vertcal
dotted line represent the "accessible environment.” The components on the left
side of the diagram represent the release and transport mechanisms from the
repository to the accessible environment.

[n order for radioactive wastes to reach the accessible environment, radioactive
material must be released from the waste form itself, which might be a borosilicate
glass, unprocessed spent fuel, or some similar type of structure. Having left the
waste form, such radionuclides must escape from the waste canister and then enter
the backfilled openines of the repository. Radionuclides may travel from the
repository to the accessible environment in two general ways: 1) direct pathways
to the land surface, such as might occur if future generations penetrated the
repository during an exploratory drilling program and accidentally contacted the
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wastes, and 2) migraton in slowly moving ground water to an aquifer and then to
the surface.

The movement of radionuclides from the waste form, through the canister, through
the repository, and ultimately to the accessible environment depends on a number
of possible furure scenarios that might alter the conditions of the underground
environment. Such processes are called "release mechanisms” or "release

scena 18." They may affect any of the four components indicated in Figure 8.5-1.
The risk analyses reported here consider a number of potential release mechanisms.
The results of the calculations for individual release mechanisms are then combined
into integrated representations of the risk from a hypothetical repository.

8.5.1.2 Site Parameters. Models were originally assembled for four of the five
sites tentatively identfied by the DOE, in accordance with the NWPA, for
nomination as potential sites for the first repository. These four sites are: 1) the
bedded salt deposits in the Palo Duro basin, 2) the bedded salt deposits in the
Paradox Formation in Utah, 3) the basalt flows on the Hanford reservation in
Washington, and 4) the unsarurated volcanic twuff formations at Yucca Mountain i
Nevada In addition, the Agency assembled several models of repositories in
granitic formanons. Granite repositories are no longer seriously considered for
disposal of high level radioactive waste, therefore they are nnt considered in this
rsk assessment.

A number of parameters are used to describe the geometry and hydrologic
conditions assumed for each of the model repository sites. These are listed in
Table 8.5-1 and can best be understood in conjunction with the generic Cross
section shown in Figure 8.5-2, with certain exceptions. The conceptual framework
of the lithology for most sites is that the repository is located between two aquifers
called, respectively, the "upper aquifer" and the "lower aquifer.” The tuff model,
however, assumes ¢nsanirated conditions at the repository level with an underlying
aquifer only.

To simulate conditions present at a real site, the upper and lower aquifer do not
generally represent single hydrostratographic units, but rather they represent
"synthetic aquifers" whose properties are defined to approximate the combined
‘M% a number of transtaissive units above and below the repository
horizon. For example, if a number of such transmissive units are present above
the repository at a particular site and if the application of a generic model
described here is intended to represent conditions similar to those at the site, then
one can calculate the combined volumetric flows in the upper units and define
appropriate hydrologic parameters so that the synthetic aquifer represents the same
total flow. Similarly, by varying one or more additional parameters, it is possible
to simulate the effective fluid velocity in any one of the actual units. This will be
illustrated in subsequent sections when specific lithologies are discussed.
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Table 8.5-1: Site parametiers considered In risk assessment

Palo Duro Paradox
Parameter " Basatt Bedded Salt Bedded Salt Tuft a1
Instance from reposuory 22 1105 666 150
1o overlying aguifcr, meters
Hydraulic conductivity 10’ 0 0 4x10°
of the host rock between
the repository and the
aquifer, after thermal
effects (cenuimeters/sec)
Porosity of rock between 10* n/a n/a 01
the repository and aquafer
Natural hydraulbic gradient 0025 0.26° 0 1o
between the repostory
and agqufer
Thickness of aguifer, meiers 30 300 20 100
Hydraulic conductivity of 10° 5x10* 2x10° 2.38x10°
aquifer (centimeters/sec)
Porosity of aquifer 001 005 02 0005
Horizomal gradient in aquifer 0.0003 0005 002 000034
Hornzontal distance along 2000 2000 2000 5000

the aquifer to the accessible
environment, meiers

"For these sites, ground water flow is assumed 1o be downward 1o the Tower aquifer, and 211 aquifer characieristics are those of

the underlymng aquifer.

Source: EPARS



Figure 8.5.2: Cross section of the rock formation at the generic repoasitory

site
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The general way in which the RISK model constrains the risk analyses is that
the upper aquifer is considered 10 iﬂ'maﬁ'way of ground water release of any
radionuclides that leave the repository. (An upward gradient is considered to exist
along any pathway that might be present or develop between the lower aquifer and
upper aquifer.) This is why greater emphasis is placed on the properties of the
upper aquifer in Table 8.5-1. At potential repository sites, however, the
hydrogeologic environment may be different from that assumed in the generic
model For example, there may be no significant aquifer below the repository (as
in a twnber of crystalline rock sites), or above the repository (as in the case of a
repository in the unsaturated zone), or there may be a prevailing gradient that is
downward from the upper aquifer, in which case the lower aquifer would appear to
be the more likely release pathway. The REPRISK model for wuff assumes
downward flow from the repository, in the unsaturated zone, to the uppermost
aquifer. A vertical gradient of one (1) is assumed, where hydraulic conductivity in
the unsaturated zone is equal to the flux rate. Between the repository and the
saturated zone, natural variations in hydrologic properties are simplified to provide
REPRISK with a single set of "vertical leg" parameters for each conceptual release
model. Potential releases to the accessible environment are modeled through the E
uppermost aquifer, located 150 to 200 meiers below the repository. i

With respect to the specific hydrologic parameters listed in Table 8.5-1, hydraulic
conductivity is used in conjunction with Darcy’s Law to estimate volumetric flow

rates through various components, such as pathways from the repository to the

upper aquifer or along the upper aquifer itself. For further elaboration on the i s
mathemauncal equations referred to, one may consulgﬁﬂﬁ_pd the references ¢
cited there. Only Darcian flow has been treated in the analyses, and work by

DOE at specific sites tends to confirm that the flow regimes are such that this

approach is adequate. The porosity is used to convert volumetric flow rates . o

average effectve fluid velocities in the direction of movement. [n particular, the
volumetric flow rate is divided by porosity to obtain an effective fluid velocity. It

is imporant to make this distinction when considering the time of arrival of
contaminates ground water at the discharge point to the accessible environment.
Hydraulic conductivities, specified as part of the description of a conceptual site,

may be modified in the course of the modeling as a result of other phenomena

assumed to be present, as described later in the section on release mechanisms.

Geochemical characteristics constitute another important set of site parameters.
These include the ways in which the movement of any radioactivity released from
the waste would be slowed or "retarded” by geochemical interactions with the
surrounding rocks, and the expected limits that the geochemical conditions would
place on the solubility of many of the radioactive e¢lements in the waste. Table
8.5-2 lists the retardation factors and solubility limits used in each of the repository
models for the elements of primary interest. The retardaton factors describe the
relative speed that the respectve radionuclides travel in ground water compared
with the speed of the ground water itself (i.e., an isotope with a retardation factor

8-6
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Table 85-2: Geochemical parameters used In risk assessment

Palo Duro Paradox

Parameter Basalt Bedded Salt Bedded Sait Tuff

Retardation Faciors™
carbon i i 1 i
SIrontun 200 10 i0 21000
ZICON um 5000 1000 1000 2600
techne tium 5 5 5 1
e 1000 100 100 530
wdine i I i i
cesum 1000 10 10 41000
uraium 50 20 20 58
neplunium 100 50 50 58
plutonmum 500 200 200 740
AMCNCIIm 500 1000 1000 24000

Solubility Limits™

{parts per million)
carbon none none none nonce
SIrontium 06 none none none
7IECONIBM 0.0001 00001 00001 0.0001
technetium 0001 0001 none none
tn 0.0001 0.001 0001 00001
widine none none none nonc
ceswm none none none none
uranigm 6001 001 001 none
neptenium J.0001 0001 0001 01
plutonium 000001 0001 0001 0001
amencium 0001 0.1 00! 0001

®Eor use with all isotopes of radionuchides hsied.

DAL

Source:

EPABS



of 10 moves one tenth (1/10) as fast as the ground water). The methods by which Q‘
REPRISK utilizes retardation values has been described previously 5§m§22‘ which ’R‘
assumes that dispersion in the calculations. This same

assumption has been used extensively in the Literature.

8.5.1.3 Repository Parameters. Certain assumptions need to be made pertaining
to the geomertry and physical charactenstics of the repository. The DOE has
frequently modified its conceptual designs for repositories. An examination of the

Agency's risk analysis models indicates that they are not highly sensitive to these
engineering assumptions. Current engineering plmsmm
Uﬁw\%smw parameters utilized for modeling purposes in the
1985 BID. These parameters are summarized in Table 8.5-3. Predicted waste
volumes now require the utilization of 5.6x10* square meters (m’) for the long
term disposal of an estmated equivalent of 70,000 metric tons of uranium (MTU)
waste.

The currently eavisioned tuff repository will be constructed in unsaturated volcanic
wuff. The water table is approximately 150 to 200 meters below the repository at
its nearest point. Seasonal ground water fluctuations in this region are negligible.
Current designs for tuff repository are shown in Figures 8.5-3 and 8.54.

The repository design Wm the surrounding rock and the ability
to dissipate the antcipated thermal loading from the decay of spent fuel. A
_c.gng%uﬁm consisting of 100 square kilometers surrounding the repository will
provide a distance of approximately five kilometers between the repository edge
and the accessible environment in a down-gradient direction. Aquifer flow
directions in the tuff model (below the proposed repository) are from the northwest
to i.¢ southeast. For modeling purposes, the cross sectional area of the ground
water flow path is defined by the length of the repository (perpendicular to the
tlow path), multiplied by the thickness of the uppermost aquifer:

3,500 meters x 95 m - 3.3 ES m*.

The mined volume of the repository, as well as the porosity of the backfill, must
be considered in calculating the amount of radionuclides that might dissolve in the

ground water that WW“M its closure. ?
Because such dissolution mught imuted by solubility factors, this water volume )
is significant to some models. For example, it can be used to estumate the amount

of dissolved radionuclides that might be withdrawn by an exploratory well that
penetrates the repository at some point in the future.

The dissolution of wastes into water percolating down into the tuff repository is A“ﬂ’
MOnIy to take place in the actual quantity of water that is in the "footprint”

of one of the waste canisters. 7This is a relatively small fraction of the water

percolating downward through the repository and provides a very small volume to
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Table 8.5-3: Repository parameters considered In risk assessment

Parameter

Value

P

Jimensions of repository
Length
Width
Height:

Total mined-out volume:

Average porosity of backfilled repository

Time to maximum backfill compaction due to
plasuc flow (salt only)

Number of canisters of high-level waste:
Canisters per drift:
Length of waste drift:

Canister spacing:

3,500 meters
2,000 meters

4 meters
10" meters’

0.2

200 years

35,000
20
500 meters

26 meters

Source: EPARS




Figure 8.5-3:

Underground Repository Layout
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Figure 3.5<4: Underground Repository Layout for Vertical Waste
Emplacement
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which solubility limits must be applied. Leachm! (i.e., leach rate limuted
dissolution), as provided for in REPRISK 1§ independent of the amount of water
available. It is assumed th.t a given unit of water spends only a relatvely short
time in proximity to a wast: container, and during this time period REPRISK
determines whether the corrssponding dissolved concentration results from a leach
rate limited process or a so.ubilitv limit In most cases, this will turn out to be a
solubility limit, due to the stiall quantity of water available. After the water runs
down the side of the canister and re-enters the geologic system, it is usuM 10 4’5”"f
be well mixed with water that has moved vertically in parallel, but that has not
directly contacted a waste container. This is reasonable because the slow flow
rates should allow for substantal dispersion in the horizontal direction.

The case of a salt repository is different, because it would be expected to gradually
seal after closure as result of salt creep. In this case, the time to closure and the
amount of moisture present at that tume are important for the risk analysis.

Waste emplacement methods are a critical component of the waste repository
design. Vertical emplacement of waste was the preferred method, but optons hav!
expanded to include hcrizontal emplacement of wastes. This risk assessment ;
assumes vertical emplacement. Either strategy must consider the requirement that
the 18 proposed panels will dissipate the impact on thermal conditions from spent
fuel which peaks within 500 years after closure. The maximum W s
estimated to be 57 EW‘?, based on the potential heat generated by the spent

fuel waste components and the heat dissipation properties of tuff.

Vertical emplacement involves the drilling of vertical boreholes into the drift floor
and emplacement of one container of waste in each vertical borehole. Verucal
emplacer “1t holes are drilled at a distance tetween individual containers of 26 m
(85 ft.). A borehole must be 7.6 m deep and 76 cm in diameter.

[n the tuff repository, a metal casing and support plate will be inserted into the
hole. A waste container is inserted into the casing and capped by a metal plug.
Crushed tuff is packed over the metal shielding and the borehole is subsequently
closed with a metal cover. An air gap of approximately 5 cm width will surround
each waste package, thereby enhancing long term container performance by
breaking hydraulic continuity between the rock and the waste package.

Design parameters for horizontal emplacement are similar to the vertical
emplacement design, with some exceptions. Emplacement drifts would be
excavated at greater distances from each other than that considered for vertical
emplacement. The waste panels for horizontal emplacement are required to be
approximately twice the size of vertical emplacement panels. $*%nlike the single
waste container per vertical borehole, horizontal emplacement establishes the
maximum load to be 18 containers of DHLW and 14 containers of spent fuel.

8-12
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8.5.1.4 Waste Form Parameters. The high level radioactive waste package is
assumed to consist of two main components: the waste form and the waste
canister. The waste form consists of an initial inventory of radionuclides contained
in a physical matnix, which may be unreprocessed spent fuel, borosilicate glass or
some other alternative.

Spent fuel is an enriched uranium oxide matrix containing transuranic nuclides,
fission products and activation products from commercial nuclear power reactors.
The form of these wastes will include components such as:

l. Intact assemblies,

2. Metallic components including space gnds or tubing,

3. Contaminated zirconium alloy or stainless steel cladding, and
4. Canisters and consolidated fuel rods,

Additional waste forms, including 'failed fuel” and non-fuel hardware are expected.
‘Failed fuel" is structurally damaged fuel rods contained by a protective canister to
reduce the release of partic :lntes prior to emplacement. Non-fuel hardware
includes the metal fitn~ « a.. structural components of the intact assemblies.
Defense high level waste, “IYHLW), generated by fuel reprocessing or specific
defense-related activities at DOE sites, will be stored at the repository. Heat
generation due to radioactve decay of DHLW is expected to be relatively
insignificant. A staggered emplacement of DEHLW with spent commercial fuel
waste is intendea to help reduce the projected thermal gradient.

Table 8.5-4 shows the assumed initial inventory of radionuclides. A risk
assessment bated on the radionuclides shown provides an adequate representation
of the risks associated with a repository.

The canister is a protective container assumed to inhibit the leaching or the
dissolution of the waste form and the consequent transport of radionuclides toward
the accessible environment. [n these risk assessments the performance of the
canister has been conservatively approximated by a single lifetime. Up undl this
time is reached, no radionuclides are assumed to be released from undisturbed
waste packages. Once the lifeume is reached, the canister is neglected in the
subsequent analysis, thus ignoring any benefits the remaining portions of the
canister might offer.

Currently six types of metal canisters are under review for their individual
mechanical, physical and microstructural properties. These six container designs
are either austenitic alloys, copper or copper based alloys. Currently accepted
reference waste package material is AISI 304L stainless steel. Each container is
designed to have a diameter of 66 cm (2.2 ft.) with a length for the spent fuel or
DHLW ranging from 2.1 to 4.7 m (9-15 ft.). Containers will weigh between 2.7
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Table 8.5-4: Breakdowr of the Inventory by Nucllde

Am-241 i.7TE8 458
Am-243 |.TES 7650
C-14 2.8E4 5730
Cs-135 2.2E4 1E6
Cs-137 8 6E9 0
[-129 3.8E3 1.6E7
Np-237 3.3E4 2.14E6
Pu-238 2.2E8 89
Pu-239 313E7 24400
Pu-240 4 9E7 6260
Pu-242 |.7TES 38ES
Sr-90 6.0E9 29
Te¢-99 | 4E$ 2.1ES
Sn-126 S.6EA |.OES
2493 | 9ES 9.5ES
fcial |

Nuclid 1 Curi Half Life (Y
Am-241 8.0ES 458
Np-237 |.7E8 2.14E6
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and 6.4 metric tons when fully loaded with waste and will average 3.3
KW/container in decay heat.

6.5.1.5 Felease Mechanisms. The release mechanisms through which radioactive

wastes may escape the twff repository inclu.e : W
volcanism, and inadvertent intrusion by explora ese reiease
ISms may lead to the direct transport of radio $ to the land surface or

to the atmosphere, or they may lead to the ground water transport of waste away
from the repository,

All scenarios involving m::c modeled in REPRISK using a
Darcian flow system. ease ways normally involve a vertucal and
a horizonial leg. In the case of the tuff repository, the vertical leg is from the
repository down to the aquifer. The horizontal leg is the distance from the edge

of the repositorv to the a~cessible environment

The five values needed to predict Darcian flow for each leg are distance, hydrauli
conductvity, porosity, gradient, and cross-sectional area, The first four are used
find travel time by the expression: i

T = (d*n)/(i*K)
where:
T is the resulting fluid travel time in years (years)

d is the length of the leg (meters)
N is the effective porosity

| 1s the gradient

K is the hydraulic conductivity (meters/years)
Volumetric flow is found by:

VaK*i*A
where:

V is the volumetric flew (cubic meters/year)

i is the gradient, and

A is the cross section of the pathway

A conservative modeling approach requires considering the

Sl e TR
ent and hy Ic conducavity est realistic distance and

porosity are generally used. As .W flow in all legs for the
tuff repository has been modeled as ow, which reduces travel time. ‘ﬂ
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The purpose of this section is to review each of the release mechanisms and
wmmarize the conceptual models that have been used in the risk assessment
Addiuonal equations used to implement the conceptual models are discussed in the
risk assessment that supported the proposed rule (Sm82). Further background on
Je release mechanisms can be found in other technical support documents for the
proposed rule (ADL79). The release mechanisms considered by REPRISK for all
modeled repository hosts, together with the parameters describing them, are shown
in Table 8.5-5.

85151 Normal Ground Water Flow. Except for the case of a reposiiory in salt,
normal ground water flow refers 1 the movement of water through the repository
horizon according to the natural hydrologic conditions, perturbed to some degree
by the presence of the repository. During the construction and operation of the

repository, water in the surrounding rock would be expected to uall in_so
that the rock will enter an unsaturated condition near the ope - ¢ end

of the operational period and sealing of the repository, wﬁ ¥§ﬁd be OXWled 10
e e e

'EM~ 0 In the case of tuff, the t

repository would be located in a rock mass that would be unsaturated at the start. °

The resulting flow patterns may be different from those prior 0 the excavation of
the repository. For example, the heat generated by the waste may modify the
hydraulic conductivity of the surrounding rock and may also change the properties
of water, making it less dense and less viscous. M can lead to a
buoyancy effect that may cause an increased vertical hydraulic gradient. The
decreased viscosity may enable the water to flow more easily through the rock and
hence allow for potental increases in flow rates.

[n the case of a repository in wuff, normal ground water flow refers to the
downward percolatnon of water through the unsaturated rock toward the water
tabi*. This downward movement is not expected to be influenced greatly by the
presence of the repository, because the umuting factor is essentially the amount of
water available. Based on calculatons of unsaturated vertical flow velocity,
undisturbed ground water flow does not result in a release to the accessible
environnent over 10,000 years, thas¢lore, all modeled vertical legs for the ruff
repository result from failure events such as fa.ilaae or inadvertent borehole
intrusion,

In the case of a salt repository, the salt formations mw
W Therefore, 'n ground water flow
used to characterize a number of processes, such as leakage along
repository shafts, which are grouped ander this category because they are treated in
the same pant of the REPRISK model. These mechanisms were reviewed in the

risk assessment supporting the proposed rule and were generally not expected to
cause releases within 10,000 years after disposal (Sm82).

8-16

Arthur D Little

L
T



L1

Table 85-5: WMMMMMW

Parameter Basait Sedded Salt Tufi
Normal Ground Water Flow
Fracnon of the repository with 10 10
Hydraulic conducuvaty of flow path 10’ 06 a0
(centimeters/sec)
Porosity of flow path 00001 01
Cross-secnonal area of flow path Exi0* ox 10
(square meiers)
Probabiluty of occurrence i0 10
Fault Movement
Frachon of the repository with i0 Sx 10’ 10
which ground water can comunumicaic
Hydraulic conductivity of flow path 10’ 10 4axi0*
(ceauimer~rs/sec)
Porosity of flow path 01 01 xio*
Cross sectional arca of flow path 4000 4060 3000
(squarc meicrs)
Frequency of occumrence x10° 0 ixlo’
el



"N A NY

4

8§

Breccia Pipe Formation
Fracnon of the reposnory with
which ground walcr can CoOmmuRICar

Hydraulic conductivity of flow
path {centimcters/sec)

Porosity of flow path

Cross-sechonal Arca of flov
path (squarc meiers)

Frequency of occurrence
(per year, after 1000 years)

Drilling {does nol hit a canister)
Fracuion of the repository wath
which ground waicr can comenueicaic

Volume of ground watcr brought
10 the surface

Frequency of ocomrence
(per year aficr 100-year
control penod ends)

10

10’

16°

&1

114

2x10°

Jiaw’

1 8x10°




Tabie 8.5-5: Release mechanism paramelers considered in risk assessments (continued)

Parameter Hasait

Drifling (hits a canisier)
Fracnon of onc canister brought

1o the surface

Frequency of occwrrence (per ycar
Voicanoes

Fraction of thc reposiory mventory

dispersed

Frequency of occurrence (per ycar)

Source: EPASS

Bedded Sait Tult

0053

6 1x10*




85152 Fauwlt Movement. The faulting release mechanism covers both the case
of a new fault occurring at a repository site (and intersecting the repository itself)
as well as the case of the reactivation of an old, apparently stable fault. Fault
reactivaton is assumed to lead to an intersection with the repository, which 1§
treated in the model as a vertcal planar structure with increased hydraulic
conductivity, greater than that of the original rock.

For the risk assessment of a tuff repository, faulting is modeled in the same
conceptual framework as drilling scenarios. A hypothetical fault is assumed to
create a pathway from the repository level to the lower aquifer, in which there is
accelerated percolation and no retardation. This may be an overly conservative
hypothesis. It is incorporated to establish bounding values for demonstrating
compliance with release limits. In fact, the opposite may be true, where the
“wicking effect” of unsaturated tuff may draw water away from the fault. In the
unsaturated zone, volumetric flow in the faulting event is limited to the unsaturated
flow rate in the rock matrix. That is, the flow is not Darcian (in which case it
would be controlled by hydraulic conductvity and gradient), but rather it is limi
by water availability. However, since the REPRISK code only contains models
Darcian flow, Whﬂw been crected for this particular
application in order that the flow rates velocites calculated by REPRISK tum
out 1o be those that result from the actual unsaturated flow situation.

In addition to creating a flow pathway, the model for faulting assumnes that this
can be a relatively violent and disruptive event, destroying the integnty of waste
packages within a cerwain distance of the fault. The result can be an earlier onset
of leaching (if this had not already begun by the tme of fault movement). As in
the case of normal ground water flow, the only releases by faulting are assumed to
be via a pathway connecting the repository with an aquifer, thereby enabling
ground water transport of the waste. Faulting has been treated as a random
stochastic process for purposes of the Agency's risk assessments. This is not to
say that faulting is a random process, but only that faulting at a real repository site
should be able 10 be bounded by modeling it as a physical process that occurs
randomly. The likelihood of new or reactivated faults is estimated on the basis of

geometric arguments and simple probability concepts (ADLI2),

851353 Inadvertens Intrusion by Exploratory Drilling. Future exploratory drilling
at a repository site cannot be ruled out, even though steps will be taken to signal
o future generations that dangerous maierials are buried there. The Agency has
considered a wide range of potential purposes for drilling in different geologic
media and has estimated drilling rates that are intended to be upper bounds on the
future likelthood of drilling at a repository site. [n estimating these values, no
credit has been taken for the communication to future generations of the presence
of the repository, except that for 100 vears after disposal, it is assumed that such
communications would be completely effective.
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The purposes for future drilling may vary from one kind of geologic setting to
another. For example, for salt deposits in sedimentary basins, the dominant drilling
is expected to be in search of oil and gas, whereas in a tuffaceous terrain, the
dominant purpose might be exploration for water or minerals (ADL79). The
dnlling release mechanism contains a number of components. First, it is possible
that the drill hole would actually intersect a waste canister, resulting in waste
materials brought directly to the surface with the drilling mud. In this case, such
materials would likely go unnoticed or unrecognized, at least for some time, and
hence they could be distributed on the land surface. Even if a drill hole does nol
intersect & waste package, the drilling fluid could carry dissolved radicnuclides to
the surface, assuming that the waste packages have been attacked by ground water
and waste materials have begun to be leached out. This is especially the case if
the drillers recognize that they had passed through 4 Hhuveli %ﬁ ﬁne (the
backfilled repository) and pumped water from that le t might
be a suitable source of water. This mechanism would also lead to the relerse of
radionuclides directly to the land surface.

A third method by which future drilling could lead w the release of radionuclides
from a repository is that the decommissioned borehole, after being filled and
perhaps sealed, might still represent a relatively permeable pathway from the
repository o adjacent water-bearing zones. This could facilitate the flow of ground
water through the repository and the release of radionuclides to an aquifer.

Two drill hole scenarios for the tuff repository are based on an overall drilling rate
of three holes per square kilometer, the maximum rate for non-sedimentary
formations specified in the draft Standard. The first drill hole scenario considers
the possibility of direct contact between the drill and a canister, resulting in the
transfer of contaminated material w the surface, The repository area is eight
square kilometers, leading to a total of 24 holes over the 10,000 year dose
commitment. However, the probability that a given drill hole actually intersects a
canister is approximately 0.001 and the average or expected fraction of a canister
that would be removed to the surface by such a drill hole is 15 percent (ADL79)
The basis for these previous estimates is consistent with the current concepts for
the tuff repository. These estimates are based on vertical emplacement holes,
which is stll the reference DOE design, even though horizontal emplacement is
being considered.

The second tuff drill hole scenario considers the possivility of both surface reieases
and ground water releases without directly contacting a waste canister (near miss
scenario). Surface releases involve the bringing to the surface of any and all
contaminated water in the pore spaces of the rock at or below the repository level
in the immediate “footprint” of the drill hole. In particular, assuming a
conservative value of 0.1 square meters for such a footprint, and assuming total
mixing of dissolved radionuclides immediately below the level of the waste
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packages, the fraction of the dissolved repository inventorv that will be brought to
the surface by one such dnll hole will be 0.1 square meters divided by the
repository area of 8 x 10* square meters, or a fracuon of 1.28 x 10*.

Ground water releases from a future borehole are modeled by assuming that such a
borehole provides a preferential pathway for percolation of water and that it has
been filled with mi erial that does not provide any substantial sorption or
retardation capacity. This preferential flow pathway essentally “drains” an area
corresponding 1o a circle with radius five meters, and any radionuclides dissolved
in ground water percolating downward within that circle are assumed to be
transported from the repository level to the lower aquifer with minimal time delay
and no retardation. This is sull a very small fraction of the repository inventory,
and retardation in the horizontal aquifer leg is sull available as a bamer.

85154 Volcanism. Volcanism also has the potential to release waste from a
repository, either by transporting it directly to the surface or by translocating it in
an underground volcanic structure, such as a sill or a dike, which may also
encounter an aquifer. Earlier calculations indicated that this latter mode of o! 1
transport is imingly dominat the fault rel mechanism, in terms
likelihood OT oc " of consequences
(ADL79). Therefore, it has not been included in these assessments, because its
contnbution is negligible. The release of radionuclides to the surface, howevr -, by
way of magma, ash, or gases passing vertically upward through the repository has
the potential for significant distribution of radioactivity to the accessible
environment, even though its likelihood is small.

For the tuff risk assessment, volcanism is modeled using the basic parameters
developed in Maxwpt that the probabilities are taken from
published US or repository. The voicanism model is for
basaltic events only; the probability of rhyolitic volcanism is sufficiently small that
it 15 outside the area of regulatory concern.

The Agency does ncs believe that volcanism is likely at any of the sites that are
being investigated, but orly that it may be the dominant low probability, high
consequence event and hence should be included in the calculations to give an
adequate perspective on the spectrum of risks. [n the case of the release of
radionuclides by volcanism, the model has components to deal with waste releases
to both the air and land surface.

8.5.1.6 Risk Assessment Resuits. Using the approach summarized in the
previous sections, the Agency estimated the long term risks to future populations
from disposal of high-level radioactive wastes in several different types of mined
geologic repositories, with recent focus on the tuff repository. The Agency's
REPRISK program was used to esumate the long-term population risks over 10,000
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vears from four models that the Agency believes are representative of most of the
sites being considered by DOE as candidates for the first repository

Figures 8.5-5 and 8.5-6 summarize the results of these various assessments of long-
term population risks. Both figures display the same information, however, Figure
8.5-5 shows the population risks on a linear scale, while Figure 8.5-6 inroduces
the logarithmic scale that will be used for many of the results i this chapter
Figure 8.5-6 also highlights the risk level of 1000 fatal cancers over 10,000 years
that Fas been used as a basis for the

the final 40 CFR Part 191, Finally,

corresponding risk estimates dcsuo;-ed in the techmcu tasis for the prope scd rule;
this perspective demonstrates how the analytical révisions made in response o the
SAB review have resulted in substantially lower population risk estimates for the
varous geologic media considered. As Figures 8.5-5 and 8.5-6 show, there is a
considerable vanation between the risks projected for different types of geologic
media; however, all of these reference case estimates are well below the level of

protection sought by the contaunment “quUeIants

Table 8.5-6 provides more detail on these assessments by displaying the risks from
four imporant release mechanisms for several of the geologic media, with the
dominant radionuclides for each release mechanism also displayed.

For the crystalline rocks below the water table (i.e., basalt), where some amount of
normal ground water flow is expected, this release mechanism dominates the long-
term risks. The radionuclides that flow most readily with the ground water, such
as carbon-14 and iodine- 129, cause most of this long-term impact for the basalt
model. In media where such normal ground water flow is not expected, different
release mechanisms dominats. For the bedded salt models, risks from inadvertent
human intrusions that bring contaminated water to the surface are the most
importan’ contributors © the long-term risks. For the wff model, fault movement
\$ an important contributor because it can initiate increased ground water flow
[nadvertent intrusion is less likely to bring contamination to the surface than it is

for the other models, because the repository horizon would not be saturated with
ground water

Figures 8.5-7 and 8.5-8 display the long-term population rnsks in another way. For
the four models of potential first repository sites, these figures show the
complementary cumulanve distmbution functions of the population nsks over
10,000 years, as discussed previously. The figures also indicate corresponding
consequences in terms of the ranos of the projected radionuclide releases to the
release limits specified in Section 191.13 of the final rule. Finally, the figures

depict the probability and consequence !imits that must not be exceeded in order to
comply with secton 191.13.
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Release Palo Dure Paradox
Mechanism Nuciide Basalt Bedded Sait Bedded Salt Tult
Normal o-14 7.1
Ground T 056
Water 129 -
How Np-237
Pu-239
Pu- 240
Towal 970
Dnilling C-14 029 041 041
(musscs Tc 99 - - 027
camister) 129 LLR P 017 017
Pu 240 - - -
Am- 241 161 220 029
Am-243 022 027 G0l
Towal 230 316 1.29
Dnling Pu-238 am 003 ool -
(hats Pu-239 058 1.3 113 015
camisier) Pu 240 059 116 116 015
Am-241 651 101 11 013
Am-243 003 005 005 6ol
Total 1.73 34 341 044
Fault C-14 7.1 011 166
Movement Tc99 01 - 059
1129 72 005 07s
Np-237 - - -
Pu 239 X
P 240 i
Toial 24 4 016 306




Figure 8.5-7. Complementary cumulative distribution funcilons of the

population risks for disposal In basalt and tutf
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Figurs 8.5-8: Complementary cumuiative distribution functions of the
population risks for disposal |n bedded sait
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Figure 8.5-9. CCOF for Base Case
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Figure 8.5.10: CCOF for No Retardation In Lower Agquiter
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Figure 8.5.12: CCOF for Greater Volume of Water for Waste Dissolution
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Figure 8.5-14: CCOF for Aquifer Porosity Reduced by a Factor of Ten
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Figure 8.5-16: CCNY o Lirger Borehols Diameter
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Figure 8.5-17: CCOF for Modified Vcicano Probability
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Table 8.5-7:

Ryens

DnlUNo Ait
(18 Holes)

DnllHit

Faulang

Volcanism

Normal Ground water
Flow

Summary of Events Included In CCOF Base Case

Lime Penod (Yeass) Erobabilicy, P Consequence, C
100 « 10,000 1.0 722107
0100 0 159
100 - 00 24x 100 085S

S00 - 1000 10x 100 031
1000 - 2000 6.1x 102 017
2000 - 5000 | Bx 102 010
5000 - 10000 10x 102 008
0-100 1 x 103 1.47 x 102
100 - S00 dx 100 |44 x |02
S00 - 1000 $x 109 1.3 x 102
1000 - 2000 | x 102 1.22 x 102
2000 - 5000 Ix 102 .64 x |0
SO00 - 10000 49x 102 107x 100
0-100 | x 104 a2x @
100 - 500 dx |0 15x 1R
SO0 - 1000 Sx 104 83x 10!
1000 - 2000 | x 108 45x 10!
2000 - 5000 Ix 108 2.7x 10!
SO00 - 10000 $x 108 20x 10!
0 - 10000 1.0 0

Arthur D Littie
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Table 8.5-8: Summary of Events Inciuded 'n CCOF
o Retardation In Lower Agulter

Eyans

:)Pu;’\\" Hll
8 Holes)
DnlV/Hit

Volcanism

Normal Groundwater

Flow

Arthur D Little




Table 8.5-9: Summary of Events Include¢ in CCOF
Solubliity Increased by & Factor of Ten

Rxens Time Peniod (Years) Erobabilicy, P Consequence, C
Dnll/No Hit 100 - 10,000 1.0 8.3x 107
(18 Holes)
DnllHit 0-100 0 159
100 - 500 24 |10 085
500 - 1000 J0x 100 031
1000 - 2000 6.1 x 109 017
2000 - 5000 1.8x102 010
5000 - 10000 30% 102 o8 |
Faultng 0-100 1x 109 193x 102
100 - $00 4x 10 1.89x 102
500 . 1000 $x 109 1.80x 102
1000 - 2000 1x 102 1.64 x 102
2000 - 5000 Iz 102 124 x 102
S000 - 10000 49x 1002 46ix10?
Volcanism 0100 1 x 104 42x 1R
100 - 500 dx |0 1.5x 1R
S00 - 1000 Sx 104 8£3x 10!
1000 « 2000 1 x 104 45x 10!
2000 - S000 Ix 108 2.7x 100
S000 - 10000 Sx 103 20x 10!
Normal Groundwater 0 - 10000 1.0 0
Flow
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Table 8.5-10:

Exens

Onll/No Hit
(18 Holes)
Drill/Hit

Faulting

Volcanism

Normal Croundwnter

Flow

Surnmery of Events Included In CCOF
Gronter volume of Water for Dissolution

Arthur D Little

Lo Xroed Yeans) Erobabiicy, P Conseruence. C
0 - 10,000 1.0 74x 107
0.100 0 159
100 - 500 24x 1" 085S

500 - 1000 30x 109 031
1000 - 2000 6.1x 109 017
2000 - 5000 1.8x 102 010
5000 - 10000 J0x 102 008
0-100 1 x 109 1.47 x 1044
100 - S00 4x 100 1.44 x 102
00 - 1000 $x 102 1.3 x 102
1000 - 2000 1x 102 1.22x 102
2000 - 5000 Ix 102 .64 x 10
5000 - 10000 49x 102 307x 109
0.100 | x 104 42x 1@
100 - 500 dx |04 1S5x 1R
500 - 1000 Sx 104 83x 10!
1000 - 2000 1x 103 45x 10!
2000 - 5000 Ix 104 2.7x 100
5000 - 10000 $x 108 20x 10!
0« 10000 1.0 0
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Table 8.5-11:

Evans

Dril/No Hit
(18 Holes)
Drll/Hit

Faultng

Volcanism

Normai Ground water

Flow

Summary of Events Included In CCODF
WISP Retardation Values Used In Aquifer

Time Period (Years) Erobabilicy, P Consequence. C
100 - 10,000 1.0 70x 107
0-100 0 159
100 - $00 242109 055

SO0 - 1000 30x 109 03
1000 - 2000 6.1x 109 017
2000 - 5000 1.8x 102 010
S000 - 10000 30x 102 008
0-100 1 x 109 1.27x 1012
100 - 500 4x 100 1.24x 102
SOU - 1000 $x10? 1.18x 102
1000 - 2000 1 x 102 1.08 x 102
2000 - 5000 Ix 102 823x 10
S600 - 10000 49«x 102 104 x 100
0- 100 1 x 104 42x 102
100 - 500 dx |04 1.5z 100
S00 - 1000 Sx 104 £32 10!
1000 - 2000 ix 109 45x 10!
2000 - $000 Ix108 2.7x 10!
S000 - 10000 Sx 103 20x 10!
0 - 10000 1.0 0

Arthur D Little
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Sxens

Onil/No

Table 8.512:

Hut

(18 Holes)

DrllHit

Faulung

Volcanism

Normal Groundwater

Flow

Summary of Events Included It CCOF
Aquiter Porosity Reduced by a Factor of Ten

Tme Penod (Yean) Erobatulisy, P Conscquence, C
190 - 0,000 1.0 9.1x 107
0-100 0 159
100 - 00 +4x 10 085

$00 - 1000 30« 109 031
1000 - 2000 6.1x 102 017
2000 - S000 1.8x 102 010
5000 - 10000 10x 102 008
J-+ 100 1 x 109 1.9 x 102
100 - 500 4x 103 o4 x 102
70 1000 $x 103 1.84 x 102
L+ 2000 I x 102 1.67 x 102
2000 - 5000 Ix 102 1.26 x 102
SO0 - 10000 49x 102 461 x 10
0-100 1 x 10 42x 1R
100 - 8GO 4dx 104 1.5x 102
SO0 - 1000 ix 104 $3x 10
1000 - 2000 | x 103 45x 10!
2000 - S000 Ix 108 2.7x 101
5000 - 10000 5x 103 20x 100
0 - 10000 1.0 0

Arthur D Little
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Table 8.5-13: Summary of Events Included In CCOF
Drill Hit Moditied: Morizontal Emplacement

Exens Lme Period (Yeam) Erobabilicy, P Corsequence, C
Dnll/No Hit 100 - 10,000 1.0 72x 107
(18 Holes)
DnllVHit 0-100 0 028
100 - 500 16x 1012 009
S00 - 1000 20x 102 005
1000 - 2000 3I9x 102 003
2000 - 5000 L.1x 101 002
5000 - 10000 1.8x 101 001
Faulting 0-100 1x 103 147 x 1012
100 - 500 4dx 109 144 x 102
500 - 1000 $x 103 1.38 x 102
1000 - 2000 1 x 102 1.22x 102
2000 - 5000 Ix 102 8.64 x 10}
5000 - 10000 49x 102 307x 103
Volcanism 0-100 6.6x 104 42x 108
100 - 500 26x 109 1.5x 102
500 - 1000 33x 103 §3x 10!
1000 - 2000 6.6x 103 45x 10!
2000 - 5000 20x 10« 2.7x 10!
$000 - 10000 33x 10+ 2.0x 101
Normal Groundwater 0 - 10000 1L 0
Flow

Arthur D Little



Tabie 8.5-14;

Exens

DnilU/No Hit
(18 Holes)
Drll/Hit

Faultng

Volcanism

Normal Groundwater

Flow

Summary of Events Included !n CCDF
‘rqer Borehole Diameter

Time Penod (Yeass) Erobabilicy, P Consequence, C
100 - 10,000 1.0 1.1 x 104
0-100 0 298
100 - 500 I0x 109 102
500 - 1000 I8x 109 058
1000 - 2000 76x 103 032
2000 - S000 234102 019
5000 - 10000 3182102 014
0-100 1 x 109 1.47 x 102
100 - $00 4x |10 |44 x 102
500 - 1000 Sn 109 1.38 x 102
1000 - 2000 | x 102 1.22x 102
2000 - S000 Ix 102 .64 x 102
5000 - 10000 49x 102 307 x Q3
0-100 6.6x 104 42x 102
100 - 500 2.6x 108 1.$5x102
$00 - 1000 33x 109 8.3x10!
1000 - 2000 6.6x 105 45x 10
2000 - 5000 20x 10« 2.7x 101
5000 - 10000 33x 10« 20x 10!
0 - 10000 1.0 0

Arthur D Little
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Table 3.5-15:

Evens

Dnll/No Hit
(18 Holes)
Drll/Hit

Faulang

Volcanusm

Normal Groundwater
Flow

Summary of Events Included In CCOF
Volcano Modified: Highest Sandia Probablility

0-100

100 - 500
500 - 1000
1000 - 2000
2000 - 5000
5000 - 10000

0-100

100 - 500
500 - 1000
1000 - 2000
2000 - 5000
5000 - 10000

0-100

100 - 500
500 - 1000
1000 - 2000
2000 - 5000
3000 - 10000

0 - 10000

Arthur D Little

Erobabilicy, P Consequence, C
10 72x 107
0 159
24x 103 055
30x 109 031
6.1x 103 017
1. 8x 102 010
JOx 102 008
ix 103 1 47 x 102
dx |03 1.44 x |02
Sx 103 1.38x 102
1z 102 1.22x 102
Ix 102 8.64 x 10
49x 102 307x 103
6.6x 104 42x 102
26x 103 1.5x 1R
33x 108 8§3x 10!
6.6x 103 45x 10!
20x 10+ 2.7x 10!
33x 10« 20x 10!
1.0 0



With the recent focus of effort on examining potental risks from the tuff
repository, a more detailed assessment of releases is presented here. Figures 8.5.9
through 8.5-17, and the corresponding Tables 8.5-7 through 8.5-15, contain a
detailed nsk analysis of potential release events and a sensitivity analysis based on
vanauons in seiect parameters. (The calculations supporting these data exclude
consideration of gaseous carbon-14 releases. The issue of carbon-14 release

remai controversial and unresolved.)

Figures 8.5-9 through 8.5-17 display the probability of event occurrenze in tuff
plotted against the sum of release fracuons in a log-log format. The vanous cases
are numbered one through nine, Case one represents the "base case” and its
results are given in Table 8.5-7 and Figure 8.5-9. The dashed line in each of
these "PC" diagrams depicts the probability and consequence limits set by the

Standard. The eight alternative cases examine variations in parameter values such
as

Ne retardation in the lower aquifer

Nuclide solubilities raised by a factor of ten
Increase in water volume

Porosity reductions, etc

Additonal sensitivity analyses are treated in greater detail in Section 8.5.1.7

A general conclusion drawn from these diagrams is that the tuff repository appears
to be able to meet the performance requirements of the Standard. The single
factor that contributes most significantly to this favorable behavior is the small
amount of water available in the unsaturated tuff system for direct contact with the
waste package as it moves downward through the repository horizon. This small
quanuty of water limits the amount of dissolved radionuclides to their
corresponding solubility limits.

8.5.1.7 Uncertainties in the Risk Assessment. The results of the risk
assessments discussed in Section 8.5.1.6 encompass many uncertainties, which are
due o0 a number of factors such as the following

The long time frame over which predictions are needed.

The simplified nature of the models in comparison with the real physical
situadion.

The generic nature of the modeling, i.e., no detailed site-specific aata for all
but the tuff repository

The purpose of the risk assessment is to make rough approximations of the
capabilities of geologic disposal of radioactive waste. Therefore, despite these

Arthur D Little




uncertainties, the Agency believes that the estumates generated herein provide an
adequate technical basis for the associated regulanons.

In order to lend perspuctive 1o the uncertainties in these calculations, the Agency
has proceeded a. fr''ows: First, in estunating parameters or in choosing models to
represent vanous precesses, an attempt has been made to consistently overestimate
factors that contnbute to risks from the repository. This is the same philosophv
that was adopted in risk assessments for the proposed -ule, although the degree of
over-estimation has been reduced in response to many of the recommendations of
the Agency's Science Advisory Board. The parameters required to model the tuff
repository were largely derived from th> range of values found in published
literature, Again, a conservative approach was taken in the selection of many
parameters, but sufficient site specific work has been done by previous studies to
provide a high degree of certainty to some parameters,

Second, extensive use has been made of sensitivity analyses in order to understand
how much the results of the assessment change with variations in certain model
components or parameters. For parameters that are particularly important in F
determining the final risk results, special attention has been devoted to choosing
appropriate values. For example, published values for lower aquifer hydraulic
conductivity in the ruff model range from 700 to 0.007 meters per year. A
moderately conservative value of 7 per year was chosen as a realistic
approximation for the specific hydraulic characteristcs o the geologic unit in
question.

Third, in cases where it has been difficult to model the characteristics of a site or
a process on a guneric basis, several choices of parameters have been made to
understand the range of potential nsk results.

[t is important to distinguish between the type of uncertainty included in the
generic analysis reported here and the uncertainties that would remain with real
sites when they are characterized and modeled in connection with the decision on
where to put a repository. Many of the uncertainties included here might better be
characterized as variabilities. At a real site there might be a wide variation in the
property in question. The attempt in these risk assessments is to include such
variations, which correspond then to an uncertainty in the final results as to how
well they characterize the performance of the repository. A real site will include
the additional uncertainties associated with data collection, site complexity, and
difference of opinion about a specific site's characteristics. Such uncertainties are
not within the scope of the work reported here.

Alternate cases (see Section 8.5.1.6) were used to model ground water flow for
several release scenarios, including fauling and borehole near miss, for the tuff
repository. The two values idenufied as having the greatest uncertainty are
solubility and retardation. Previously used values for these parameters vary over
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orders of magnitude. An alternate case for the fracture flow porosity was also
used because of a possible non-conservanve assumpton.

An area of relatively high uncerainty is the effect of retardation on “HSHQS(
10 ex ¢s in retardation.

ﬁm% Two alternate cases were u

e first alternate case uses the values from the WISP report (NRC, 83) for
retardation in the horizontal leg. It is also possible that the rock surface
charactenisucs of the fracrure flow path cause little or no retardation. The second
alternate retardation scenario sets all retarda 1ons to 1, thereby neglecting its effact.

Two alternate cases were also modeled for solubility. The first case assumed that
each canister was exposed to § liters of vater per year, resulting in a yearly
dissolution volume (of water) of 175 cubi: meters. The second case raised the
solubility limit for each nuclide by a factor of ten. Neither alternate case had an
effect on ground watsr releases, because all nuclides with low enough retasdadon
to travel the entire horizontal flow path in 10,000 years were leach rate limited.
The alternate solubility cases increased the borehole near miss surface release by
\ncreasing waste concentraton in the unsaturated region. !

The remainder of this section 2ssess several of the uncertainties in this risk
assessment by examining the sensitivity of the results to many of the assumptons
used in the various repository models.

Sensinivity to Waste Package Parameters. The analyses summarized in this section
investngated how the population risks vary with different assumptions about waste
package lifeume and waste form release rate. Waste package lifeimes of zero and
1000 years were considered for population risks, and lifetimes of 300 to 1000
years were considered for the individual exposures. The waste form release rate
was varied from one part in 1000 (10?) per year to one part in 1,000,000 ((10*)
per year.

Figure 8.5-18 displays the results of these analyses for the three different media
(basalt, bedded salt, and tuff) being considered for the first repository. As this
figure shows, variations over the range of waste package lifetimes considered have
relatvely little effect on the population risks--except for the bedded salt models,
where a very short canister lifetime coupled with a rapid release rate, allows some
of the short-lived fission products to be brought to the land surface by inadvertent
intrusion. On the other hand, variations in waste form release rate can cause the
projected population risks within 10,000 years to vary by up to three orders of
magnitude, where releases through ground water flow pathways dominate the
analysis.

Figure 8.5-19 shows how the potential individual exposures for normal ground
water flow from the basalt model vary for four different assumptions about waste
form release rate and two different waste package lifetimes. Increases in package
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! 8.5.18: The etfect of canister |ife and waste form leach rate on
o population risks for three potentially suitable repository media
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Figure 8.5-18: EMect of canister life and waste form leach rate on radlation

exposures from drinking ground water at 2 kilometers from
repository
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lifeume primarly act to delay the time at which exposures begin to appear
Increases in waste form release rate cause higher initial exposures, which then may

decrease with ume for the larger release rates as the peak concentration passes the
2-km point of interest

Sensinivity to Geochemical Parameters. The analyses described in this section
indicate how the population risks over 10,000 years for the basalt and bedded salt
models vary with different assumptions about the geochemical parameters. For one
set of analyses, the geochemical retardation factors were varied to consider the two
alternative sets indicated in Table 8.5-15, which are primarily taken from a NAS
report (NAS83). For another set of analyses, the solubility limits used Tor ose
YIRS were varied up and down by two orders of magnitude from those used in
the base cases. Figure 8.5.20 shows the results of these variations. The variations
had significant effects on the results in only a few cases. Increasing the solubility
lmits substantially increased the nsks for the bedded salt model. Lowering the
solubility limits or increasing geochemical retardation generally did not
substantially reduce the risks projected for the reference ca“es.

Sensinviry to Americium Solubility. One important change from the analyses
supporung the proposed rule concermned the sclubility limit assumed for the
americium radioisotopes. Because of uncertainty regarding this parameter, the
Agency chose a very conservative upper bound of 50 parts per million (ppm) for

its earlier analyses. This was one of the parameters that the SABR suggested be
reexamined, and more recent informauon supports the much lower choices
described in Section 8.5.1.2 (which vary for the different geologic media). The
analyses described in this section indicate the importance of this change. The base
case models for basalt and bedded salt were reanalyzed; the only change was to
retum the amencium solubility limits to the $SO-ppm value used in the earlier
analyses. Figure 8.5-21 displays the effects on the projected population risks over
10,000 years. As can be seen by comparing these results with the comparison of
the earlier and later technical analyses included in Figure 8.5-6, the changes in this
one parameter account for a significant part of the differences in the two sets of
analyses, parucularly for the bedded salt models.

Sensiavity 1o Ground Water Travel Time. The effect of longer ground water travel
times on population risks was examined by setting the boundary to the accessible
environmental at 5 and 10 km in addition to the value of 2 km that has been used
in most of these analyses. The tuff m#ﬂ assumed a QISTAMCP™B! five kilometer to
the accessible environment for all calculanons supporting the results of Section
8.5.1.6. Since this will only affect the results for cases where a significant portion
of the risk comes from release modes involving ground water flow, this section

only considers mcwl. Figure 8.5-22 demonstrates how the risk from
this model changes due to the longer distance and travel time,




Yable 8.5-15: Aliernative geochemical paramele’s considered In risk assessment
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BASALT
Figure 8.5-21: Effect of on




The negligible effect :or basalt 1s due to the relationship of the aquifer flow
velocity and the retardation factors of the vanous radionuclides. The ground water
velocity in the upper aquifer of the basalt model is about 9.4 meters per year,
which corresponds to a travel tme of 210 years to 2 km, 530 years to § km, and
1060 years to 10 km. Retardation factors are | for iodine-129 and carbon-14, §
fuor technetium-99, and at least 50 for all other radionuclides. With these values,
all three of the fast moving radionuclides reach the accessible environment
throughout most of the 10,000-year period for any of the three distances
cousidered, while none of the other radionuclides cari reach even the shortest
distance in 10,000 years. Therefore, changing the distance through the range of 2
to 10 km has very little effect for the basalt model.

Sensinivity to Event Probabiliries. Most of the event probabilities used in these
analyses were intended to be conservative values that probably overesrimate the
frequently of the various disruptive events. Therefore, the sensitivity of the
population risk estimates to lower event protabilities was evaluated. For these
analyses, the fault movement freq.ency was decreased by an order of magnitude
more for each of the media considered (except for basalt). ot

[n addinon, the inadvertent human intrusion frequency was decreased by a factor of
two, and no intrusions were assumed to occur sooner than SO0 years after disposal.
Figure 8.5-23 displays the results of these changes for the models in basa!t. bedded
salt, and tuff. The variations in the population risks in response to these changes
are relatively modest, indicatng the risk estumates are not highly sensitive to the
values used for the frequency of disruptive events.

Sensinviry of Bedded Salt Models to Host Rock Permeabiliry. The models used so
far for repositories in bedded salt assume that the salt formation ttself is essentally
impermeable unless it is disturbed. Therefore, all releases occur either as a result
of disruptive events or because of ground water leakage through shaft or borehole
seals (and none of the seal 'cakage pathways results in predicted releases to the
accessible environment within 10,000 years after disposal).

In the analyses described in this section, the assumption of impermeability was
relaxed in recognition of the possibility that impurities and irregularities in the salt
formation could lead to normal ground water flow through the salt. It was
assumed that S percent of the repository inventory and volume was subjected to
ground water flow through the salt, with this flow zone having a hydraulic
conductivity of 10* cavs and a porosity of 0.05. The gradients and the remainder
of the parameters used were the same as for the two bedded salt base case models.

No results are displayed for these analyses, however, because these changes caused
no additonal releases for either of the bedded salt models. Therefore, the finding
that there are no projected releases due to undisturbed performance of bedded salt
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repositories appears to hold, even if there are small permeable zones of this
magnitude through the salt formauon.

Swmmary of Sensitiviry Analyses. The sensitivity analyses performed in support of
the final rule provide several perspectives concerning the relative importance of the
various parameters to the projection of populaton and individual risks, as well as
to the achievability of the disposal standards. First, it must be noiad that the great
majority of the vanous combinaton of assumptions regarding site anc engineered
barner characteristics result in population risk projections indicating cotroliance
with the final containmment requir~ments. Second, it is apparent that certaa
parameters are more umportant than others for demonstrating such compliar ce.

With regard to the engineered barriers, the waste form release rate always appears
more significant to the predictions of population risks than the canister lifetime,
and the waste form release rate appears to be as significant as many of the
geologic ~naracteristics. Thus, a good waste form may be able to overcome
uncertainties about the characteristics of a site. On the other hand, the canister
lifeume is particularly significant for keeping nsks to individuals (using ground [
water near a repository) to acceptable levels, since even a very good waste form
cannot keep the radionuclids concentrations in ground water near the repository
small enough to avoid significant exposures to a nearby individual.

Among the geological characteristics, the analyses performed in support of the
proposed rule indicated that geochemical retardation and limits of the solubility of
many of the elements in the waste were very important to long-term risks,
compared to cases where no retardation or solubility limuts are assumed (Sm82).
However, the analyses performed for the final rule suggest that the risks generally
are not unusually sensitive to these factors within @ range of reasonable
assumptions such as those provided by the NAS WISP report. Thus, assuming the
existence of some minimal retardation and modest limits on solubility, determining
the exact contribution of these rather uncertain processes may not be of primary
imporance relative to compliance with the disposal standards. Reladvely
unimportant parameters with the ranges of sensitivity considered were the
frequency of occurrence of disruptive events and travel distance to the accessible
environment (although travel time and distance are particularly important in terms
of when significant risks to individuals, using ground water at a particular location,
may oceur).

These analyses reinforce the Agency's belief that the final disposal standards can
be successfully implemented. There appear to be a wide range of potential
geologic media and repository designs that can reasonably achieve the desired level
of protection. Furthermore, those parameters that appear to be of particular
importance to the long-term release projections (e.g., waste form release rate and
physical characteristics of the host rock) are those which should be relatnvely well
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known after site charactenzation and design and testing of the engineered portions
of the planned disposal systems.
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8.6 Transuranic Radioactive Waste Disposal

8.6.1 Population Risks

8.6.1.1 System Model The waste disposal system considered for this risk
assessment 1s based on DOE plans to operate a mined geologic rerpository in
bedded salt for the permanent disposal of defense-related transuranic (TRU) wastes.
The nsk assesament presented here describes the choice of radionuclide release
scenanos and physical and chemical purameters used to determine, in a preliminary
way, the potential compliance of the proposed salt-hosted TRU waste geologic
repository with the Standard. These calculations differ from many of the previous
EPA calculauons in that almost all of those previous calculations were for a high
level waste repository, rather than a transuranic waste repository. This is iraportant
not only from the standpoiit of radionuclide inventory, but also berzuse e riode
of emplacement and the geometry ~f the repository are quite diflerent.
Furthermore, there are relatively few caniztere for TRUU waeies, and the waste form

\s such that a restrictive leach rate does not appear w be a limiting factor on
levels of release

To promote waste isolation, the planned repository will be situated at a depth of t
approxumately 650 meters below the land surface in a thick salt bed with minor
anhydnte interbeds. The use of bedded salt as a waste repository host was first
suggested in the early 1900's. The physical and chemical properties of salt lend
themselves to this purpose better than most natural geologic materials. Under
‘saturated” conditions, the hydraulic conductivity of salt is extremely low,
averaging several orders of magnitude less than that of a dense clay. A hydraulic
conducavity of this magnitude generally translates to low fluid flow velocites.
Due to its plastic behavior, salt bodies "flow" under gravitational or compressive
forces. Salt flow is accompanied by a natural annealing process, such that
fractures, faults and voids self-seal over short periods of time. Salt is also an
excellent \nermal conductor. Combined, these properties provide desireable

characteristics for minimizing potential impacts to the environment from deep
disposal of transuranic wastes.

Unlike the proposed tuff repository, for the disposal of high-level radioactive
wastes, the TRU repository will undergo rapid physical and chemical changes
before attaining a final state of consolidation and waste encapsulation, A partial
lst of these natural processes includes creep closure, brine infiltration, gas
generauon, waste compacton, and chemical and biological degradation of wastes.
Creep closure of the salt repoository is a constant, ongoing process, even prior to
waste emplacement. DOE projections of complete repository closure range from
60 to 100 years following waste emplacement. Compaction of wastes and backfill
material will proceed untl a sufficient density is achieved to prevent further
compacton, however, brine volume, gas pressure, and the behavior of the disturbed
rock zone surrounding underground excavations will impact the rate of closure.

DOE estimates that the final porosity of the post-closure repository will range from z ‘{, .
0.15 to 0.21 (SANDS89-0462).

Y
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Brine from the mamx and fractures of the host salt formation is expected to flow
into the proposed repository. The precise mechanics of brine influx and the future
rate and volume of flow are uncertain. DOE conservative estimates for brine
influx are on the order of 1.3 cubic meters per year per panel. Brine inflow is
driven by the differential between the pre-excavation pore pressure in the salt and
atmosphenic rressure in the repository. Once the repository is sealed, brine will
continue *u flow into excavated panels untl the waste-generated gas pressure is
cquivalent to the fluid pore pressure in the salt. Significant questions retaain
concerning the behavior of gas and brine flow in the disturbed salt surrounding
excavations and the rates and nature of gas generation due to the chemical and
biological breakdown of wastes.

Current DOE efforts are focus};ng on repository backfill materials that may be
used to speed consolidation, reduce gas generation, reduce brine inflow, and limit
the mobility of radionuclides once waste containers have failed. Surface
monuments for warning future generations of the presence of the underground
facility are planned, however, this risk assessment modeling assumes that passive
insttutional surface conwols are effective for only the first 100 years following
facility closure.

The nisk assessment described here was conducted by the Agency to achieve two
purposes: 1) to identfy the most important potental radionuclide escape pathways
from the TRU repository, and 2) to estimate the probability of radionuclide release
by various mechanisms to the accessible environment and the attendant population
health consequences due to those releases at select time periods in the future.

Rauionuclide escape from the repository represents a threat to future generations
only if a viable means exists by which material from the repository can reach the
accessible environment. At its nearest point, the accessible environment is located
approximately 3 kilometers from the repository. A variety of radionuclide escape
"scenarios’ have been examined in the past by both DOE and others, These
scenarios generally fall into one of two categories: natural occurences or human
intrusion. Natural system scenarios include escape pathways such as flow through
the bulk rock, flow through degraded shaft seals, and flow through breccia pipes
and faults. Human intrusion into the repository at some time in the future may
result from drilling for either energy resources, mineral resources, or water.
Natural occurence release mechanisms were reviewed in the risk assessment
supporting the proposed rule and were generally not found to cause releases to the
accessible environment over the next 10,000 vears, therefore this risk assessment
considers only human intrusion (drilling) scenarios, from a quantitative standpoint,
for the proposed TRU waste repository.

Radionuclide escape to the accessible environment through a drilling event will
likely occur by one or both of the following transport pathways: 1) direct

8-63

Arthur D Little



borehole pathway to the surface, or 2) slow ground water flow through a bore hole
to an overlying aquifer and subsequently to the surface. Each of these release
mechanisms is described in greater detail in Section 8.6.1.5, Release Mechanisms.
Sensitivity analvses are presented to demonstrate the potential consequences to
populations from release mechanisms operatng under a variety of physical and
chemucal parameters.

8.6.1.2 Site Parameters. The following section describes the physical setung of
the proposed TRU repository and select parameter values utilized in the risk
assessment modeling of radionuclide escape from the repository. Further, this
section will describe the REPRISK model structure for both natural and human
intrusion release scenanos.

The proposed repository is situated in a thick Permian basin evaporite sequence,
consisting of bedded halite, anhydrite, shales, and carbonates. The repository host
unit is an impure halite bed ranging in thickness from 530 meters to 625 meters.
Thin interbeds of anhydrite are located throughout the halite unit, notably a
continuous one meter thick unit located one meter below the repository. Overlyinf
the host halite unit is a sequence of evaporites, mudstone and dolomite beds. The
dolomite layers are important to this risk assessment, in that they form the first
conunuous aquifers above the repository. The repository is underlain by thick
evaporites to a depth of approximately 1200 meters below the surface. Pressurized
brine pockets occur at depth below portions of the proposed repository location.

Two general models of radionuclide escape from the TRU repository have been
examined: natural flow pathways and human intrusion pathways. The probability
of occurrence of different natural flow pathways vanies markedly. For example,
there is a M?M%Um brines will flow under natural or induced
gradients from the repository ard the accessible environment. The probability
of this occurrence is high, however, the corresponding consequence is so small tha
it 18 of minimal concern from the standpoint of exceeding the Standard.
Calculations of natural flow through the bulk rock suggest that the sum total of
radionuclide fractions released over 10,000 years is negligible, therefore this
scenario is not considered further in a quantitative sense. Alternatively, natural
flow pathways such as faults and breccia pipes may have significant potential
consequence from the release standpoint, however, the probability of such an event
oceurring in the salt bed repository is negligible. Human intrusion pathways
consist of boreholes drilled from the surface and solution mining impacts. The
probability of impacting the facility through solution mining was determined to be
inconsequential, therefore it is not considered further. Consequently, human
intrusion into the salt bed repository is the only release mechanism considered for
modeling in this risk assessment.
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The first laterally-continuous aquifer overlying the repository is the likely pathway
f contamuinant .‘u:spo‘ to the accessible environment for all bore hole scenarios
except the “direct hit hich releases contaminants to the land surface. The
nbed dolomite aquifer is characterized by a combination of matrix
and fracture flow hydraulic behavior. Hydraulic conductivity over the flow path t

the accessibie cm.ronmc"' ranges over several orders of magnitude, from 10*

10° m/s
o 107 m/s. For nsk assessment modeling, a conservative value was used to
reflect the dommam role of fracture controlied ground water flow from the

proposed repository site to the accessibie environment. The munimum transport

JA\'ancc (in the dolomite aquifer) from the cg.gc of the repository "footprint” to the
accessible environment is approximately 3 kilometers

sakciimnaladng
Previousivy-4aesc

An upw .\rd natural gradient is assumed to exist for any borehole pathway that
might be present. Exploration boreholes are assurmed to be at least partially sealed
with a concrete-like matenal following completion of drillis ng activities Me ong
term hydraulic character of a borehole seal 15 assumed to reflect an antricipated
degradation with time. The risk assessment presented here assumes the :»orc..U: ¢
have a hydraulic conduct.«ity of 107 m/s (sandy gravel) with a porosity of .25 an
a cross sectional area of .05 m’

8.6.1.3 Repository Parameters. Certain engineering specifications for the TRU
repository are assumed here. These dimensional and structural parameters ,t'rom

LR

2 A.\'DBQ.«ZMQ“" are shown in Figures 8.6-1 a.nd 8.6-2 and Table 8.6-1. The m

repository will be situated at a depth of 655 meters below the ground surface

The xzr‘.dcrgﬂund workings consist of an experimental area and a storage area,
separated by a shaft and access tunnel central area. The waste storage area is
equidimensional in plan view, measuring 700 meters to a sicle. Wastes will be
stored in a senes of eight panels, each consisting of seven rectangular rooms. The
waste storage rooms measure 4 meters high by 10 meters wide by 90 meters in
length. Four shafts will service the underground facility, including a waste
handling shaft (measuring 5 meters by 5 meters), and exhnast and intake shafts.

Waste isolation systems in the facility will incorporate u suries of panel seals and
seals between the waste storage area and the access cirh:fs Panel seals will be
located at the junction of main north-south access drifis arcl the individual panel
access routes. Seals will be constructed of "block-form ' preconsolidated pre-
crushed saii, with an expected permeability of 10® m’ and a porosity of 0.05.
R:g\d temporary composite seals may be used for short wrm brine flow control
measures and pressure attenuation between the waste storoge area and the access

4 £t

drifts. Access drifts will be filled with crushed salt backfill.

A proposed shaft seal system for the TRU waste repository is illustrated in Figures
-3 and 8.6-4. A two component seal system is devised for each shaft. The
seal system consists of an upper and lower seal, separated by loosely consolidated
backfill. The lower seal measures 200 meters vertically and is designed for long
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Figure 8.6-2: Salt Repositery Layout
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Table 8.6-1: Repository Parameters

Areas Volume

Excavated Enclosed Excavated Enclosed
Reglon (10' m?) (16* m% (10'm") (10'm)
Room 0.092 0.092 0.36 0.36
One panel 1.2 28 46 11.0
Southern equivalent panel 0.84 3.5 33 140
Northern equivalent panel 0.87 36 34 14.0
Access dnfts 2.2 28.0 7.8 100.0
Expenmental area 2.2 30.0 7.2 110.0
Total storage area 11.0 49.0 43.0 190.0
Total repository 15.0 170.0 58.0 690.0
Buffer zone (only) 0.0 270.0 0.0
Land-withdrawal zone 0.0 3700.0 0.0
Four shafts (only) 0.009 0.009 3.5 38
to base of Rustler Fm.
DRZ in storage region 0.0 0.0 57.0 [
No. of waste panels 8
No. of rooms per panel 7
Room height dm
Room width 10m
Roc= length 92m

Source: Lappin, et al,, 1989
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Figure 8.6-3: Design of Lower Shaft Seal System
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Figure 8.6-4: Design of Panel Seals
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term performance and isolation of TRU wastes. The upper seal is designed largely
to prevent water inflow o the shafts from water-bearing units overiying the
repository.

8.6.1.4 Waste Form Parameters. The TRU wastes consist of alpha-emitting
radionuclides generated through plutonium reprocessing, fabrication, research, and
development activities at defense-program DOE sites. The wastes include a vanety
of contaminated materials such as laboratory trash and solidified waste water
treatment sludge. TRU wastes are classified as either CH (contact handled) or RH
(remote handled), depending upon the radiation dose rate at the surface of each
package. CH TRU waste i1s categonized as that having a surface dose rate of less
than 200 millirem per hour (mrem/hr); conversely, RH TRU waste is that which
measures greater than 200 oullirem per hour. Approximately 97 percent of the
TRU waste designated for disposal at the proposed facility consists of CH
materials. The principal CH waste radionuclides, in terms of projected Curie
content, include plutonium-238,-239,-240, and -241, americium-241, cesium-244,
and uranium-233. The principal RH waste radionuclides include uranium-235 andt
plutonium-239 (see Table 8.6-2 for waste inventory). ,

[n additon to TRU wastes, the facility will store a variety of comingled,
potentially hazardous chemical constituents generated through defense-related
acuvities. The comingled wastes, refered to as "mixed wastes", share similar
physical and radiological characienstics with TRU wastes which do not contain
additional chemical constituents. Lead, in the form of glove box parts and lead-
lined aprons, is a major chemical constituent in the mixed wastes. Additonal
mixed wastes include metal contaminants, such as barium, ¢admium, and
chromium, and organic solvents, such as toluene and methylene chloride.
Additional detail concerning the waste forms can be found in (DOE-EIS-0026).

All CH TRU waste will be containerized in sealed 55 gallon steel drums and
boxes. Current DOE plans for waste disposal methods include a three-tier packing
configuradon of CH waste drums and horizontal storage of RH TRU wastes in
specially designed canisters. Horizontal boreholes in the walls of waste panels will
be used for the permanent disposal of RH TRU waste canisters to effectively
dj!{pue the expected minor thermal loading.

8.6.1.5 Release Mechanisms., Two potential radionuclide release mechanisms are
described in this section; normal ground water flow and inadvertent intrusion by
exploratory drilling. On the basis of previous screenings of potental release
scenarios from the proposed salt repository, especially in connection with the
probability thresholds described in the draft 40 CFR 191 Standard, only the case of
human intrusion by means of future boreholes has been retained for quantitative
evaluation of potential releases. This scenario falls into the category of
"reasonably foreseeable" events, and thus must be compared against the release
limits specified in Table | of the Standard. The normal ground water flow
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Tabie 8.6-2: TRU Waste Inventory

initlal CH and RM Waste Inventory

CH Waste

Radglonuciide

Th.232
U.233
U.238
U.238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Cm-244
Cf-252

RM Waste

Radlonuclide

S$r-90
Ru-106
Sh-128
Cs<137
Ce-144
Eu-155§
U.238
Pu-239
Pu-240
Pu-241

Total RH Curies = 5.17 x 10

Source: Lappin et al., 1989
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ne concepluw framework [or norma. ground water fiow releases is described |
f
L]

setal in SANDS#9-0462 and is summarized below. Fcllowing ¢ mpletion waste
emplacement, all paneis, shafts and nearby boreholes are sealed and fractures in the
thin anhydrite bed underlying the repository are selaed below excavations. Initiall
the repository is free of brine, but brine influx begins immediately following

closure. Cas pressure slowly increases from the microbial decay of organic wastes
until it approaches a sufficient level to inhibit further brine influx. DOE assumes
that gas generanon conunues for at least 2000 years. Cas pressure diminishes as
mucrobial decay of organic material ceases. Brine inflow resumes, resulting in
saturation of all wastes. Brines containing released radionuclides begin to mugrate
trom the repository under a pressure differential, or hydraulic gradient, between the
repository and the overlving aquifer. Potential releases to the accessible
environment resuit from: 1) flow through the bulk rock overlying the repository,
<) flow through the fractured anhydnte underlying the repository, and/or 3) flow
tirough the fractured anhydrite, to the shafts, and subsequently to the overlying
aquiter system

On the ¢ Of asssumed physical and chemical parameters, DOE calculated that
the least retarded nuclides reach the overlying aquifer, by way of the shafts, in 2.8
mullion years and by way of the bulk rock in 400,000 years. Under degraded shaft
seal parameters, DOE calculated that the least retarded nuclides reach the overlying
aquifer in 25,000 years

These calculations point out the likelihood that no releases of radionuclides to the

accessibie environment will occur from the proposed salt repository under expected
)r degraded conditons by way of normal ground water flow within 10,000 years,

thereby satisfying the Standard under this scenario. No quantitative evaluation of

normal ground water flew is presented here

The conceptual framework for the modeling of ground water releases by way of
\nadvertent exploratory drilling is as follows. On the basis of reference drill ng
rates in this kind of geologic environment, it is expected that approximately 1§
boreholes would be dnlled through the repository or the disturbed rock zone over
the next 10,000 years. These boreholes are not modeled individually. Rather, it is
assumed that they provide sufficient long-term interconnection between pressurized
brine below the repository and the repository level. Therefore, it is assumed that
fcr an indefinitely long period, the repository storage rooms and the underlying
fractured anhydnte are pressunzed to equilibrium with the underlying pressurized
brines, and that they remain connected to this source of replacement water for any
water that may be taken out by future dnling events into the repository
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The boreholes that penetrate to the pressurized brine are not considered as direct
release pathways, because it is assumed that any water moving up through them
would be dominated by uncontarmuinated brine, rather than the relatively small
contribution expected to be made at the repository level. Furthermore, holes that
intersect pressurized brine would be expected to be plugged or at least filled with
dnlling mud, so that they do not contnue to flow upwards towards the aquifer or
the surface in any quantiy significant from the standpoint of radionuclide releases.

Given this general fremework, the future drilling event considered is a sequence of
three boreholes at reference points in tme: 100 years, 1000 years, and 5000 years.
This event is characterized as reasonably foreseeable. (Variations in the releases
have been calculated based on changes in the time of drilling and in the particular
characteristics of the repository.) A borehole intersecting the repository is assumed
to bring three drum equivalents of waste directly to the surface. The
corresponding inventory will vary with time only as a result of radicactive decay.
The borehole is further assumed to be plugged, but the plug is characterized as
unconsolidated aggregate, such as might result from the leaching and degradation
of a cement plug or from sections that had simply been filled with sand or drilli
mud. The corresponding hydraulic conductivity is assumed to be constant at 10"
¢m per second.

Pressure at the repository level is assumed to equilibrate with pressure in the
underlying pressurized brine reserviors, aud this translates into a vertical gradient
of 0.76 in any borehole connecting the pressurized repository with the overlying
aquifer. The borehole has an area of roughly 0.05 square meters and therefore
carries a flow of approximately 11.6 cubic meters per year. When this flow
reaches the aquifer, the nuclides are essentially deposited in the flow system and
move according to the water velocity and retardation factors applicable to this
aquifer,

When 2 borehole intersects the repository, the groundwater through the borehole
can be thought of as having two nearby contributing sources: the waste storage
room itself and the underlying fractured anhydrite. It is envisioned that the
contributions of each of these two zones to the flow within the borehole wiil be
proportional to the transmissivities (hydraulic conductivity times height).  This
has some effect on the releases during the base case scenario, but the effect will
be much more pronounced under alternative cases which may provide for much
lower hydraulic conductivity (and hence transmissivity) of the waste storage room.

Dissolution of waste in the waste storage rooms is assumed to be controlled only
by solubility limits. However, where two or more isotopes of the same element
are present, the solubility limits of each have been reduced in proportion to their
contribution to the total mass available of the element. This can have a significant
effect in reducing the mobile inventory of certain nuclides.
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8.6.1.6 Risk Assessment Results. The result of the base case calculatons using
the methods and parameters in the previous sectuon is that the total sum of release
fractions, corresponding to the parameter required to be evaluated by the
quantitauve part of the 40 CFR 191 Standard, is:

f=009

The predicted releases, according to these moxisls, lead to a total "sum of
fractions ' equal to 0.09, where the Standard requires that this number be less than
I, That 1s, the expected releases are approximately 9 percent per of the total
allowable release. This implies that the base case assumptions lead to compliance
with the Standard.

8.6.1.7 Uncertainties | the Risk Assessment. A number of alternative
assumptions have been used for additional calculations. These alternatve
assumptions correspond to changes in the distance to the accessible environment,
the time of future dnlling events, travel tume within the aquifer, aquifer distribution
and retardation values, the hydraulic conductivity of plugged boreholes, the
avaulability of water to flow through future boreholes, pressure levels in the future
at the repository level, and radionuclide solubility. It should recognized that there
are uncertainties associated with all of these parameters, A comparison between
the base case and various alternative values in these parameters is shown
graphically in Figures 8.6-5 through 8.6-12. Even with alternative values of the
parameters, compliance with the Standard is indicated in all these sensitvity
calculaaons.

While this does not imply absolute certainty that the repository can meet the
Standard, especially in light of the larger uncertainties that remain involving many
site charactenstics, engineered systems performance characteristics, and future site
evolution and human behavior, it does provide a strong indication that it is likely
that the DOE will ulumately be able to demonstrate convincingly that the TRIJ
waste salt repository will comply with the 40 CFR 191 Standard.
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1. Sum of release krachons
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Figure 8.6-5: Variation of estimated performance with alternative
assumptions about gistance to accessible environment
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Notes:

1. The results reported in s and the accompanying figures are based on simplified corcepiual
models of the proposed salt repository and (s environment. [t 18 recogned thai there may be
large unceriainuies in many of the parameters used in these models, as well as uncertainties in
the nature of the underlying physical and chemical processes addressed by the models.
Accordingly, the models have generaily been developed using a conservauve approach, i.e.,
one that would tend 10 overesumate the releases. The aliemauves o the base case model
assumptions are intended (10 indicate the degree of sensitivity of the model results to changes
N Certain iNput assumpuons.

to

The base case assumes a ground water travel distance of § kilometers in the upper aquifer
from the location of any fulure conaminated borehole to the accessible environment,

3. Aliemative 1A assumes a ground waier travel distance of 3 kilometers in the upper aquifer
from the locauon of any future conwminated borehole 1o the accessible environment.

4. Allernauve |B assumes a ground water wravel distance of | kilometer in the upper aquifer
from the location of any future contaminated borehole (o the accessible environment.
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Figure 8.6-6. Variation of estimated performance with alternative

assumptions about time of drilling events
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The base case assumes (hat (here are three future boreholes thal intersect waste slorage rooms,
and that these occur at 100, 1,000, and S.000 years after reposiory closure.
th

000
Allematve 2A assumes Lhal there
and that these occur at 300, 1,000

d 5,000 years afler repository closure.

Allematve 2B assumes that there are three future boreholes that (ntersect waste siorage rooms,
3,

and that these occur at S00, 3,000, and 6,000 years after reposilory closure.
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1. Sum of release ¥achons

Figure 8.6-7: Varlation of estimated performance with alternative
assumptions about aquifer travel time
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Notes:

1 The base case assumes thal the ground water travel Ume within the upper aquifer from the
locauon of any contaminated borehole 10 the accessible environment (locaed § kilometers
downstream) is 187 years.

o

Altrmauve JA assumes that the ground water wravel ume within the upper aquifer from (he
location of any contaminated borehole 10 the accessible environment (located § kilometers
downstream) s 125 years.

3. Altemauve 3B assumes that the ground water travel Uime within the upper aquifer from the

locauon of any contaminated borehole to the accessible environment (located 5 kilometers
downstream) 1s 12,000 years,
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t Som of release hachons

Figure 8.6-8: Varlation of estimaied performance with alternative
assumptions about aquifer distribution coeticients
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The base case is based on distnbuton coefficients from DOE's Case [IA, as reporied in
Lappin er al. (1989). Rewardation values have been calculated from these distnbuuon
coefficients based on the equavon provided in that reference for matnx flow.

Allemauve 4A is based on zero values for all distnbution coefficients. This implies that there
i$ nO sorpuon, and thus that the retardauon values are all equal w one.

Allernative 4B is based on distribuuon coefficients from DOE's Case [, as reported in Lappin
et al. (1989). Retardation values have been calculated from these distnbuuon coefficients
based on the equauon provided (n that reference for matnx flow.

Arthur D Little

8.79



1. Soam of retease feacs s

Figure 8.6-9: Variation of estimated performance with aiternative
assumptions about borehole hydraulic conductivity
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Nowes:

I, The base case assumes that the hydraulic conductivity of the residual mawenal filling the
borehole s 10" cm per second.

Allemauve SA assumes that the hydraulic conducuvity of the residual material flling the
borehole s 10" ¢m per second.

3. Allemative SB assumes that the hydraulic conductivity of the residual materal filling the
borehole s 10* ¢m per second.
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! Sum of release rachons

Figure 8.6-10: Varlation of estimated perfcrmance with alternative

assumptions about water source to future borehole

| ane
209 ’ B Grounawater
) l O Surace
i K { we  SOCFR 1§ Limn
4
169
4
e
4
‘21
'oq----.‘-..ﬂ.--...--.--....-.--...-......--.
08+
4
06
4
24
| 023 t
024 009
Y 00
1 eryyqsqrr,’1 ¢4 Alﬁ :
00 - - L !
Base Case Alemative BA Ahernative 68
Notes:

1

L

Lo

The base case assumes (hat waier that enters a future borehole intersecung a waste storage
room comes parually from the wasie s room self (at full chemical saturation of
radionuclides) and partially (rom the underiying fractured anhydnite (at one wnth full
saturation). The relauve contbuuon from the two sources s proportional 1 their
transmissivity, which changes in ume because of the compacuion and reconsolidauon of the

repository room.

Allermauve 6A assumes that all water entening any future borehole comes from the waste
storage room itself at full chemical saturauon.

Allemauve 6B assumes that all water entening any future borehole comes from the underiying
anhydnte bed and is at 10 percent of its chemical saturation Limit
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1. Sumn of release hrachon=

Figure 8.6-11: Varlation of estimated performance with alternative

assumptions about pressure at repository level
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Notes:

1
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The base case assumes that the reposilary (s in hydrostatic equilibnum with high pressure
brines in the underlying pressunized bnnes.

Aliernative 7A assumes (hat brine at the repository level is at lithostanc pressure,
Allemauve 7B assumes that brine at the repository level s ai one-hall Lithostatic pressure.
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1. Sum of release hackons

Figure 8.6-12: Variation of estimated performance with alternative

assumptions about radionuciide solubllity
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Notes

>

The base case assumes (hat each relevant element is soluble w a concentration of 10* molar,
and that this solubility is distributed over the VANous SOLOpes present (n Proporuon o ther

Alismative 8A assumes that each radionuclide is present at a concentration of 10* molar, with
no additional limitation imposed by the presence of multiple isowopes of the same element.

Altlernative 8B assumes concentration limits one order of magnitude lower than those assumed
in the base case.
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