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CENTER FOR NUCLEAR WASTE REQUIATORY ANALYSES

TRIP REPORT-

SUBJECT: F?A Briefing on Performance Assessment and DOE /NRC
technical exchange on Performance Assessment,

i
DATE AND PLACE: EPA Briefing November 27, 1990 i,

DOE /NRC Technical Exchange - November 28 29, 1990,_ i

Albuquerque, NM. |

|

AUTHORS: Bi Sagar, P. Nair '!

- PERSONS -- PRESENT : Participants represented DOE, NRC, Nevada, Affected !
Indian-Tribes, ACNW,-and NWTRB.- Attendance list l

for the 27th is attached.

BACKGROUND AND PURPOSE OF TRIP:
,

I
A copy of the agenda is attached. An EPA briefing of their. current

work on performance assessment was held on November 27, 1990. DOE presented
the results ' of some of their recent work on ' Performance Assessment
Calculational Exercises (PACE) on November 28th and 29th.

SUMMARY OF PERTINENT POINTS:

As per the standard rule for DOE /NRC technical exchanges. no*-
handouts were provided. Neither were any official commitments
made. However, it was stated that the DOE expects to provide
a written report =on Performance assessment -Calculational
Exercises (PACE) in early 1991. It was also stated that this
was the first technical exchange on performance assessment but j
that such technical exchanges will be held periodically from
now on.

DOE asserted that performance assessment was an integral part*
of their site characterization program. It was indicated that

; a second iteration of PACE has now startedi

DOE is currently performing task prioritization. work based one

performance assessment. This prioritization will result in
their - -first undertaking those tests that are - important to
determining site suitability.

The exchange of technical information between participants was*
quite free and useful.
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SUMMARY OF ACTIVITIES:

. November 27. 1990
1

Ms. Wis: illa Bunton from EPA briefed meeting participants on the recent
performance assessment work done by their contractor Arthur D. Little,
Inc. This work is actually a repeat of their 1985 work with a few new
assumptions and is generic. Numerous simplifying assumptions were made to
incorporate scenarios in their analyses. Nobody from Arthur D. Little, Inc.
was present to provide greater detail of their work, consequently, a number
of questions from the audience were unanswered.

A copy of the EPA's work is attached.

November 28 29. 1990.

In his opening remarks, Russ Dyer of DOE indicated that more technical
DOE /NRC exchange meetings on specific topics of performance assessment will
be held in the future. He cautioned that the present meeting will only
partially cover the performance assessment work done by the DOE over the
past two years.

He then proceeded to give DOE's response to NRC's Site Characterization
Analysis (SCA) comment #1. This NRC comment has many parts to it, but in
the main suggests that the role of performance assessment in integrating the
work outlined in DOE's SCP is unclear. Subparts of this comment include the
role of performance allocation and how it will be updated; site
characterization activities related to scenario definition; methods of
developing a CCDF; and the role of iterative performance assessment in
delineating the usefulness of site data and its use in updating future data
needs.

Russ Dyer in his prepared response affirmed that iterative performance
assessment will be used to evaluate data as these come in and determine
future data needs. However, in this meeting, it was not possible to discuss
in detail all of the DOE response. In any case, th h meeting was not the
forum to reach a formal resolution of the SCA ccmments. In the later part
of his presentation, Russ discussed DOE's Test and Evtiluation Plan which
outlines methods to evaluate various tests described in the SCP, The Test
and Evaluation Plan is a DOE controlled decement. Bect.use the NRC does not
receive DOE controlled documents any more, it is not available with the NRC,

The DOE presenters used the rest of the meeting time in pret enting the
results of the PACE exercises. The PACE exercises were undertakon with the
objective of determining capabilities of various DOE contractors to conduct
performance calculations. Although different computer codes vera compared,
benchmarking of codes was not an objective. The PACE were exnuted in three
parts: (1) analysis of a ' nominal case'; (2) analysis of some disturbed
cases; and (3) sensitivity analyses. Various national laboratories and
other contractors were involved in the PACE work. While some of the work
was repeated (using different tools) by various participants, some other
work was done by one group and provided as input to other groups. It was
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made clear that although as much of Yucca 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 bydrogeologic 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 failed 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, I 129, Cs 135, and Np.237)
were considered. For the source term a l' 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 10'3 for UO 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 at steady state. Cesium 135 with the highest retardation coefficient
(610) did not show any movement. The non retarding Iodine 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 O'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 air 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

The three dimensional simulatien was found to lead to greater spreadcase.
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of the plume as compared to lower dimensional models. Ms. W dsell
presented her results in a video form.

Dr. Paul Kaplan presented his probabilistic analysis of the ground water
travel time. He explained the use of the maximum entropy principal in
selecting parameter probability distributions. In view of its flexibility
regarding 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 is lit probability of violating the 1,000 year travel time
criterion. This conclusion, however, is based on the assumption that there
is a continuous fracture pathway. He proposes this analysis to define his
data needs for site characterization.

Mr. Jack Gauthier (Spectra) discussed his analysis which was designed to
check the correctness of the 0.01 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 in 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 scenario has not
been analyzed yet. The scenario consisted primarily of loss 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.
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IMPRESSIONS / CONCLUSIONS:

The informal technical exchange format is excellent tsr learning from each
other. Most participants seemed to speak freely and the exchange seemed to
occur 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 sorne specific
topics. These should include trethod for developing alternative conceptual
models and their inclusion in PA; Definition of scenarios; and effects of
siroplifying PA models.

SIONATURE:

M
P. Nair
Manager Engineered Barrier System

REFERENCES:

1. Attendance sheet.

2. Agenda fPA Briefing on Performance Assessment, November 27, 1990.

3. Agenda DOE /NRC Technical Exchange on Performance Assessment,-

November 28 29, 1990.

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

i
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* AGENDA-

DOE /NRC TECHNICAL EXCHANGE
ON PERFORMANCE ASSESSMENT

NOVEMBER 28 - 29,1990

WEDNESDAY,11/28

8:00 AM
,

- OPENING REMARKS (DOE / NRC / STATE)

(k." DYER / DOE - YMSCPO)- INTRODUCTION

- DISCUSSION OF SCA
COMMENT #1 AND DOE
RESPONSE (R. DYER / DOE - YMSCPO)

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

y m< s,. m _ ; e % .,c_, a -
10:30 AM - BREAK - % - &"

'

! 10:45 PERFORMANCE ASSESSMENT CALCULATIONAL
I EXERCISES FOR FISCAL YEAR 1990 (em.,,E-90)PAC

% , . .. > u s h .e.. . <

- DESCRIPTION OF NOMINALe,v, *""
CASE 4(H. DOCKERY / SNL)

1

- RADIONUCLIDE SOURCE
TERM (M. APTED / PNL)

12:00 - LUNCH -;

. . .
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| AGENDA-

| DOE /NRC TECHNICAL EXCHANGEl I

ON PERFORMANCE ASSESSMENTj'

| NOVEMBER 28 - 29,1990
|

WEDNESDAY,11/ 28

1:00 PM PACE-90 NOMINAL CASE (CONTINUED)

- COMPARISON TO COVE 2A pen
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 w.
SENSITIVITY STUDIES (M. MCGRAW / PNL)

- TRANSPORT CALCULATIONS IN
THREE DIMENSIONS (K. BIRDSELL / LANL)

5:00 - ADJOURN -

t
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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. KAPLAN / SNL)

- COMPARISON OF HYDROLOGY
DATA WITH "lNVERSE" Lt
CALCULATIONS (J. GAUTHIER / SPECTRA)

- NON-EQUILIBRIUM w
FRACTURE FLOW (T. BUSCHECK / LLNL)

10:30 -BREAK- ;

10:45 PACE - 90: DISTURBED CONFIGURATIONS

UPDATE ON EVENT TREES AND-

SCENARIO DEVELOPMENT (G. BARR / SNL)

BASALTIC VOLCANISM (G. VALENTINE / LANL)-

12:00 - LUNCH -

- - _ _ _ _ _____ __------- ___ . _ _ _ _ _ _ - . _ . _ _ . _ . _ . _ . _ . . _
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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 - .
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8.5.1 Population Risks

| 8.5.f.1 System Models. The waste disposal systems considered in this risk
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 formations
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 wide variety of radioactive
elements, ranging from highly antive fission products with relatively short lives, to -
long lived elements such as transuran.c radionuclides created through neutron
capture by uranlurn 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 ernplacement of the wastes, the repository would bg

| The repository's various connections (e.g., shafts and tsortholes) to the surface
'

9backfilled to enhance its mechanical stability and to retard the movetnent of fluids,
'

! would be severed and scaled. The intent in selecting a repository is to provide a
highly stable geologic environment in which ground water contact with thej

radioactive waste is inhibited or greatly restrained. However, despite the care that

i will be exercised during the development of a repository, possible future
| disruptions could lead to the release of rad!oactive wastes.

The purpose of the carried out by the Agency is to identify the
most important mec amsms at cou d 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 8.51. The components of the system to the right of the vertical

| dotted line represent the " accessible environment." The components on the left
side of the diagram represent the release and transport mechanisms from thei

repository to the accessible environment.|

In 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 openings 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

|

|

| 81
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wastes, and 2) migration in slowly moving ground water to an aquifer and then to
the surface.

The movernent of radionuclides from the waste form, through the canister, through
the repository, and ultimately to the accessible environment depends on a number
of possible future scenarios that might alter the conditions of the underground
environment. Such processes are called " release mechanisms" or " release
scena is." They may affect any of the four cornponents indicated in Figure 8.51.
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.f.2 Sits Parameters. Models were originally assembled for four of the five
sites tentatively identified 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 unsaturated volcanic tuff formations at Yucca Mountain ing
Nevada. In addition, the Agency assembled several models of repositories in >

granitic formations. Granite repositories are no longer seriously considered for
disposal of high level radioactive waste, therefore they are not considered in this
risk 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 8.51 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 entamrated 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 hydrostratographie units, but nther they repitsent
" synthetic aguifers" whose properties are defined to approximate the combined kpropernes or a number of transmissive units above and below the tepository
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.

83
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TatWe 8.5-1: Site parameters considered in risk assessment

Palo Duro Paradox

Parameter Basalt Bedded Salt Bedded Salt Tuff

tN Distance from repository 22 '1105" 666 150*
:

to overlying aquifer, meters

9 Ilydraulic conductivity 10' O O 4x10'

O of the host rock between
P the repository and the

aquifer, after thermal
effects (centimeters /sec)

Porosity of rock between 10' n/a n/a 0.1 :
i

the repository and aquifer

Natural hydraulic gradient 0.025 0.26' 0 1.0*

between the repository
and aquifer

Thickness of aquifer, meters 30 300 20 100

Ilydraulic conductivity of 10' 5x10' 2x105 2.38x 10'

aquifer (centimeters /sec)

Porosity of aquifer 0.01 0.05 0.2 0.005

llorizontal gradient in aquifer 0.0003 0.005 0.02 0.00034

llorizontal distance along 2000 2000 2000 5000

the aquifer to the accessible
environment, meters

"For these sites, ground water flow is assumed to le downward to the lower aquifer, and all aquifer characteristics are those of
the underlying aquifer. m

;

a Source: EPA 85
k
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Figure 8.5 2: Cross section of the rock formation at the gentric repository
'

site
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The general way in which the REPRISK model constrains the risk analyses is that
the upper aquifer is considered to t>e tne patnway 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 8.51. 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 |

1

in a tm.nber 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 tuff 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 Inodeled through the &
uppermost aquifer, located 150 to 200 rneters below the repository, f
With respect to the specific hydrologic paratneters listed in Table 8.51, hydraulic
conductivity is used in conjunction with Darcy's Law to estirnate volumetric flow
rates through various cornponents, such as pathways from the repository to the
upper aquifer or along the upper aquifer itself. For further elaboration on the
mathematical equations referred to, one may consult EPA 80 and 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 i.c.o
average effective fluid velocities in the direction of movement. In particular, the
volumetric flow rate is divided by porosity to obtain an effective fluid velocity. It
is important to make this distinction when considering the time of arrival of
contaminated ground water at the discharge point to the accessible environment.
Hydraulic coaductivities, specified as part of the description of a conceptual site,
may be tnodified 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 elements 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 retardation factors describe the
relative speed that the respective radionuclides travel in ground water compared
with the speed of the ground water itself (i.e., an isotope with a retardation factor |

86
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Table 8.5-2: Geochemical parameters used in risk assessment

Palo Duro . Paradox
Parameter Basalt Bedded Salt Bedded Salt Tuti ,g

h Retardation Factors" .

g carbon 1 I I I

9 strontium 2(X) 10 10 ' 21(XX)

@ zirconium 5000 1000 1(XXI 2600 ,

'I" technetium 5 5 5 1'

tin. 1000 100 100 530

iodine 1 1 1 I

cesium . l(XX) - 10 10 -41(XX)

uraqium 50 20 20 58

neptunium 1(X) 50 50 58

plutonium 500 200 200 740

americium 500 1(XX) 1000 24000

Solubility Limits"'
(parts per mlHlon)

carbon none none .none none

strontium 0.6 none none none

zirconium 0.0001 0.0001 0.0001 0.000I

technetium 0.(X)1 . O.(X)I none none

tin 0.(XX)1 0.001 0.001 0.(XX)I

iodine none none none none

cesium none none none none

uranium 0.001 0.01 0.01 none

neptunium 0.0001 - 0.001 0.001 0.1

plutonium 0.(XXX)1 0.001 0.001 0.001 3

'

ane.ricium 0.001 0.1 0.01 0.00I

"For use with all isotopes of radionuclides listed.
.,

9
" Source- EPA 85
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of 10 moves one tenth (1/10) as fast as the ground water). The methods by which , _

'

REPRISK utilizes retardation values has been described previouslg. which
assumes that dispersion cm be neclected_in the calculations. This same
assumpuon has been usec extensively Hi the literature.

8.5.7.3 Repository Parameters. Certain assumptions need to be made pertaining
to the geometry and physical characteristics of the reposito y. 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 plans for the tutt reposey nave
upcated the genenc repository parameters utilized for modeling purposes in the
1985 B[D. These parameters are summarized in Table 8.5 3 Predicted waste

2volumes now require the utilization of 5.6x10' square meters (m) for the long
term disposal of an estimated equivalent of 70,000 rnetric tons of uranium (MTU)
waste.

The currently envisioned tuff repository will be constructed in unsaturated volcanic
tuff. 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,t
Current designs for tuff repository are shown in Figures 8.5 3 and 8.5-4.

The repository design assumes fra, ewinaoe in the surrounding rock and the ability
to dissipate the anticipated thermal loading from the decay of spent fuel. A
controHed - 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 frorn the northwest
to ie 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
riow path), multiplied by the thickness of the uppermost aquifer:

23,500 meters x 95 m - 3.3 E5 rn .

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 _would tradually seen into the remsitory after its closure. k
Because such dissolution might be limited by solubility factors, this water volume e

is significant to some models. For example, it can be used to estimate 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 gp4*
assumed only to take place in the actual quantity of water that is in the " footprint"
of one of the waste canisters. This 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 conaldered in risk assessment

Parameter Value

Dimensions of repository:

'

Length: 3,500 meters
Width: 2,000 meters-
Height: 4 meters

,

Total mined out volume: 10' meters'

Average porosity of backfilled repository 0.2

Time to maximum backfill compaction due to. 200 years-
plastic flow (salt only)

Number of canisters of high level waste: 35,000

bCanisters per drift: 20 t

Length of waste drift: 500 meters

Canister spacing: 26 meters

Source: EPA 85
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Figure 8.513: Underground Reposit:ry Layout* *
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r Figure 8.5 4: Underground Rep;sitory Layout for Vertical Waste
Emplac:m:nt. .
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which solubility limits must be applied. Leaching (i.e., leach rate limited
dissolution), as provided for in REPRISA, is mdependent of the amount of water
available. It is assumed that a given und of water spends only a relatively short
time in proximity to a wast: container, and during this time period REPRISK

| determines whether the corrtsponding dissolved concentration results from a leach

|- rate limited process or a sobbility limit. In most cases, this will turn out to be a
solubility limit, due to the staall quantity of water available. After the water runs .

t

down the side of the canister and re enters the geologic system, it is assumed to p5M
be well mixed with water that has moved vertically in parallel, but tnat nas not
directly contacted a waste container. This is reasonable because the slow. flow
rates should allow for substantial 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 time 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 options hav[
expanded to include horizontal emplacement of wastes. - This risk assesstnent i

assumes vertical etnplacement. 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 thermal loading is
estimated to be 57 KW/ acre. based on the potential heat generated by the spent
fuel waste components and the heat dissipation properties of tuff.

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

In 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
cach waste package, thereby. enhancing long term container performance byL

breaking hydraulic continuity between the rock and the waste package.
'

Design parameters for horizontal emplacement are similar to the vertical
ernplacement 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 emplacernent panels.yUnlike the single
waste container per vertical borehole, horizontal ernplacement 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 matrix, 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 cornponents such as:

1. Intact assemblies,
2. Metallic components including space gnds or tubing,

; 3. Contaminated zirconium alloy or stainless steel cladding, and
I 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 particalates prior to emplacement. Non fuel hardware [
includes the tnetal fittia a a-. structural components of the intact assemblies, i

| Defense high level wasw; QEW), generated by fuel reprocessing or specific
| defense.related activities at DOE sites, will be stored at the repository, Heat

-

generation due to radioactive decay of DEW is expected to be relatively
insignificant. A staggered emplacement of DEW 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 based on the radionuclides shown provides an adequate representation

of the risks associated with a repository.

The canister is a protecdve container assumed to inhibit the teaching or the
dissolution of the waste form and the consequent transport of radionuclides toward
the accessible environment. In these risk assessments the performance of the
canister has been conservatively approximated by a single lifetime. Up until this -
time is reached, no radionuclides are assumed to be released from undisturbed'

waste packages. Once the lifetime 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
DEW ranging from 3.1 to 4.7 m (915 ft.). Containers will weigh between 2.7

| 8-13
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| Table 8.5-4: Breakdown cf the inventery by Nuclide*
.

..

Nuclide Inventory (Curies) Half Life (Years)

Am 241 1.7E8 458

Am 243 1.7E6 7650

C 14 2.8E4 5730

Cs 135 2.2E4 3E6

Cs 137 8.6E9 30

1129 3.8E3 1.6E7

Np-237 3.3E4 2.14E6

Pu 238 2.2E8 89 [
'Pu 239 3.3E7 24400

Pu 240 4.9E7 6260

Pu 242 1.7E5 3.8E5

Sr90 6.0E9 29

Tc 99 1.4E6 2.lES
Sn 126 5.6E4 1.0E5

| Zr 93 1.9E5 9.5E5
t

1

ArtiMeial Inventary

ifurdids Inventorv (curice Hilf1 ife (Years)

Am 241 8.0E9 458

Np 237 1.7E8 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.

8.5.7.5 Reinse Mechsnisms. The release mechanisms through which radioactive
wastes may escape the tuff repository inclu.;e nomut smund water flow, fg
volcanism, and inadvenent intrusion by exploratory cn ; int. "hese release
rnecnamsms may lead to the direct transport of radionuctices 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 arounc water release are modeled in REPRISK using a
Darcian flow system. rustum release pathways normally involve a vertical and
a horizontal leg. In the case of the ruff repository, the vertical leg is from the
repository down to the aquifer. The horizontal leg is the distance from the edge
of the repository to the accessible environment.

The five values needed to predict Darcian flow for each leg are distance, hydraulle
conductivity, porosity, gradient, and cross. sectional area. The fint four are used t 5
find travel time by the expression: i

T = (d*n)/(l*K)

where:
T is the resulting fluid travel time in years (years)
d is the length of the leg (meters)>

a is the effective porosity
i is the gradient
K is the hydraulle conductivity (meters / years)

Voltmetric flow is found by:

V=K*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 thehrgest defensible
volumetric f ow and the smallest defensible travel time. Thertrore, tne targest
~reansuc gracient and hyMic conducuvity ano tne smallest realistic distance and

t,

porosity are generally used. As a conservative muurmtion, flow in all legs for the
g$Op''tuff repository has been modeled as fracture row, wuch reduces travel time,

|
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The purpose of this section is to review each of the release mechanisms and
n:mmarize the conceptual models that have been used in the risk assessment.
Additional equations used to implement the conceptual models are discussed in the
risk assessment that supported the proposed rule (Sm82). Funhet background on
die release mechanisms can be found in other technical support documents for the
proposed rule (AOL79). The release mechanistns considered by REPRISK for all
modeled repository hosts, together v<ith the pararneters describing them, are shown
in Table 8.5 5.

83.13 i Normal Ground Water Flow. Except for the case of a repository in salt,
normal ground water flow refers to the movement of water through the repository
horizon according to the natural hydrologic conditions, perturbed to sorne degree
by the presence of the repository. During the construction and operation of the
repository, water in the surrounding rock would be expected to gradually drain _so 7
that the rock will enter an unsaturated condition near the opemngs. Arter tne end #

of the operational period and sealing of the repository, _ water would be expected to
3radually seep back into pores and fractures in the rock and establisn a Itow T
regime cornectea to tne regional grouno water system. In the case of tuff, the h ,

repository would be located in a rock mass that would be unsaturated at the stan. t

The resulting flow pattems may be different from those prior to 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 chan[e the propenies
of water, making it less dense and less viscous, ine tower censity can lead to a
buoyancy effect that may cause an increased vertical hydrau!!c gradient. The
decreased viscosity may enable the water to now more easily through the rock and
hence allow for potential increases in flow rates.

[In the case of a repository in tuff, normal ground water Gow refers to the
downward percolation of water through the unsaturated rock toward the water

! Tgb' tabb. This downward movement is not expected to be innuenced greatly by the
s presence of the repository, because the Umiting factor is essentially the amount of!

'

Mrb. I water available. Based on calculations of unsaturated vertical flow velocity,
undisturbed gmund water now does not result in a release to the accessible
environment over 10,000 years, theefore, all modeled vertical legs for the tuff'

| repository result from failure events such as fating or inadvenent borehole

i i intrusion.

In the case of a salt repository, the salt ferrmations are assumed to be effectively
impermeable no stround water mnwmmt Therefore, "normar ground water now

hT has ocen usec to charactenze a number of processes, such as leakage along
repository shafts, which are grouped ander this category because they are treated in
the same pan 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).

1
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Table 8.5-5: Nelease mechanism parameters considered in risk assessments ,

!
>

Parameter Basalt Bedded Salt Tuff

: >
h Normat Ground Water How
g Fraction of the reposisory with I.0 - 1.0

9 which ground water can corrmunicate
i

(3
F" Ilydraulic conductivity of flow path 10' O.0 4x10'

'

(centimesers/sec)

EW Porosity of flow path 0.0001 - 0.1

Cross-sectional area of fk)w path 8x10' - 6x10'

(square meters)

'

Probability of occurrence 1.0 - 1.0

Fandt nCowement
Fraction of the repository with I.0 5x10' I.0
which ground waser can communicate

Ilydraulic conductivity of flow path 10' 10* 4x10'

(centimer-rs/sec)

| Porosity of flow path 0.1 0.1 3x10*

i
Cross-sectional area of flow path 4000 4000 30000

(square meters)

5

Frequency of occunence 3x10' 10' Ix10

n,

oo
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Re *= mechanisen parameters considered in risk assessments (continued)a tTable 8.5-5:
i

Parameter Basalt Bedded Salt Tuft ,

h Breccia Plpe Fornanelon ;
'

2

g Fraction of the repository with - I.6x10 -

which ground water can communbee| 9 '

Q
F" Ilydraulic conductivity of flow - 102 -

,

path (centimeters /sec) .

;

Porosity of flow path - 0.2 -

'

Cross-sectional Area of flov- - 30000 -

path (square meters)
'

Frequency of occanence 0 - 10 ' 0
.

(per year, after 1000 years)

Drmingy (does not h6t a canis 8er)
Fraction of the reposisory with I.0 6t''3 ' I.0

'

which ground water can communicaec
,

Volume of ground water brought 200 1.14 .3 I4M'
|

to the surface

10' 2x10' I.8x iO ' i

Frequency of occewrence

g (Per year after IEycar
control period ends)

i

i

~rTw
,
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TaNe 8.5-5: Re4 ease mechanism parameters considered in risk assessmer;ts (continued)

st= dt Bedded Salt Tuff
Parameter

>
h DrNFing (Nts a canister)
g Fraction of one canisser brought 0.15 0.15 0.053

*t so the surface
O 10' 2xt0* 6 tx10'
Pg Frequency of occunence (per year

Voicanoes
Fraction of the repository inventory 4x10' 4x10' 4x10'

dispersed

6x10 " 10 " lx10'
g Frequency of occurrence (per year)

Source: EPA 85

!
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8J.1J.2 Fault Afovement. The faulting release mechanism covers both the case
of a new fault occuning at a repository site (and intersecting the repository itself)
as well as the case of the reactivation of an old, apparently stable fault. Fault
reactivation is assumed to lead to an intersection with the repository, which is
treated in the model as a vertical 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 rnatrix. That is, the flow is not Darcian (in which case it
would be controlled by hydraulic conductivity and gradient), but rather it is limitedg
by water availability. However, since the REPRISK code only contains models of?g ,

p( Darcian flow, artificial Darelan caramnm have been crected for this particular
I application in order that the flow rates anii velocities calculated by REPRISK turn
, out to be those that result from the actual unsaturated flow situation.

In addition to creating a flow pathway, the model for faulting assumes that this
can be a relatively violent and disruptive event, destroying the integrity of waste
packages within a certain distance of the fault. The result can be an earlier onset
of teaching (if this had not already begun by the time of fault movement). As in
the case of normal ground water flow, the only releases by fauldng 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 assesstnents. This is not to
say that faulting is a random process, but only that faulting at a real repository site
should be able to be bounded by modeling it as a physical process that occurs
randomly. 'Ihe likelihood of riew or reactivated faults is estimated on the basis of
geometric arguments and simple probability concepts (ADL791

83.133 Inadvertent Intrusion by Exploratory Drilling. Future exploratory drilling
at a repository site cannot be ruled out, even though steps will be taken to signal
to future generations that dangerous materials 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 likelihood of drilling at a repository site. In estimating these values, no*

credit has been taken for the communication to future generations of the presence
of the repository, except that for 100 years after disposal, it is assumed that such

i
I 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 tuffaccous terrain, the
dominant purpose might be exploration for water or minerals (ADL79). The
drilling release mechanism contains a number of cornponents. 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 not
intersect a waste package, the drilling fluid could carry dissolved mdionuclides to
the surface, assuming that the waste packages have been attacked by gmund water

f and waste materials hne begun to be leached out. This is especially the case if
'

the drillers recognize that they had passed thmugh a relatively pomus zone (the
M 4 backfilled repository) and pumped water from that levet in orcer to see it it might
4'gh i.be a suitable source of water. This mechanism would also lead to the relese ofg

f $4
, radionuclides directly to the land surface.

[43 81

A third method by which future drilling could lead to the release of radionuclides t
frotn a repository is that the decommissioned borehole, after being filled and
perhaps sealed, rnight sdll represent a relatively permeable pathway fmm the
repository to adjacent water beadng zones. This could facilitate the flow of gmund
water through the repository and the release of radionuclides to an aquifer.

I Two drill hole scenarios for the tuff repository are based on an overall drilling rate
I of three holes per squan kilometer, the maximum rate for non. sedimentary
l 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 to the surface. The repository ama is eight
squan kilometers, leading to a total of 24 holes over the 10,000 year dose
commitment. However, the probability that a given ddll 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 sdll the reference DOE design, even though horizontal emplacement is
being considered.

The second tuff drill hole scenario considers the possibility of both surface releases
and ground water releases without directly contacting a waste canister (near miss
scenado). 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, usuming 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 inventory that will be brought to
the surface by one such dn11 hole will be 0.1 square meters divided by the
repository ana of 8 x 10' square meters, or a fraction of 1.25 x 104

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 mt'erial that does not provide any substantial sorption or
retardation capacity. This preferential flow pathway essentially "dntins" an area
corresponding to 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 still a very small fraction of the repository inventory,
and retardation in the horizontal aquifer leg is still available as a barrier.

8J.1J.4 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 [ (transport isoverwhelmingly dominated by the fault release rnechanism, in terms of

,

likelihood oT occurrence, ano mat it is rougmy amuar in terms of consequences
(ADL79). Thenfore, it has not been included in these assessments, because its
contribution is negligible. The release of radionuclides to the surface, however, 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,

l

| For the tuff risk assessment, volcanism is modeled using the basic parameters
developed in Volume D (ADL79), except that the probabilities an taken from
published USUs resultsTor The t~uff repository. The volcanistn model is for
basaltic events only; the probability of rhyolitie volcanism is sufficiently small that
it is outside the area of regulatory concem.

The Agency does oc4 believe that volcanism is likely at any of the sites that are
being investigated, but orJy 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. In 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.

8.5.7.6 Misk Assessment Results. 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 estimate the long term population risks over 10,000

8 22

ArtturD Little



_ _ _ _ - - _ _ -

1r
. ..

.s
'

years frotn 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 assesstnents 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 introduces
the logarithmic scale that will be used for many of the results in this chapter.
Figure 8.5 6 also highlights the risk level of 1000 fatal cancers over 10,000 years
that hs been used as a basis for the c._ontainment reouirementt &ctinn 191 131 in
the final 40 CFR Part 191. Finally, agure s.5 6 meestes (wsere applicable) tne
corresponding risk estimates developed in the technical tasis for the propcted rule;
this perspective demonstrates how the analydcal revisions made in response to the'
SAB review have resulted in substantially lower population risk estimates for the
various geologic media considered. As Figures 8.5 5 and 8.5 6 show, there is a
considerable variation 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 containmengggggg.
b

Table 8.5 6 provides more detail on these assessments by displaying the risks frorn
four important release rnechanisms for several of the geologic rnedia, 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 radionuelldes that now 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 dominate. For the bedded salt models, tisks from inadvertent
human intrusions that bring contaminated water to the surface are the most
important contributors to the long term risks. For the tuff model, fault movement
is an important contributor because it can initiate increased ground water flow.
Inadvertent 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 risks in another way. For
the four models of potential first repository sites, these figures show the
complernentary cumulative distribution functions of the population risks over
10.000 years, as discussed previously. 'the figures also indicate corresponding
consequences in terms of the ratios of the projected radionuclide releases to the
release limits specified in Section 191.13 of the final rule. Ftnapy, the figures
depict the probability and consequence limits that must not be exceeded in order to
cornply with section 191.13.
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Table 8.5-6: Fatal cancers over 10,000 years by release mechasWsm and radionucHde

Release Palo Duro Parador
;

; Mechanism NucNde Basalt Bedded Salt Bedded Salt Tu"f ;
_

'
.

|
; Normal _ C-14 ?! I - - -

4 Ground Tc-99 036 - - - j

Water I-129 - - - - [
9

f Flow Np-237 - - - -

C N.m - - - - |'

P Pu-240 - - - -

Total 97.0 - - -

I Drilling C-14 0.29 0.41 0.41 -

(misses Tc-99 - - 0.27 -

canister) 1-29 0.12 0.17 0.17 --

Pu-240 - - - -

Am-241 1.61 2.20 0.29 - i

Am-243 0.22 0.27 0.03 -

*

.,

- Total 2.30 3.16 1.29 -

i >

Drilling Pu-238 0.02 0.03 0.03 -

'

(hits Pu-239 038 1.13 1.13 0.15

canisact) Pu-240 039 1.16 1.16 0.15 i

Am-241 0.51 1.01 1.01 0.13

Am-243 0.03 0.05 0.05 0.01 !

Total 1.73 3.41 3.41 0.44 |

Fault C-14 17.1 - 0.11 1.66

Movement Tc-99 0.1 - - 039 ,

1-129 7.2 - 0.05 0.75 -

r

Np-237
'

- - -
-

Pu-239 - -

,
-

- -

Pe-240 - - -

oo
L 7i>ra! 24.4 - 0.16 3m ,

a
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| " Figure 8.5 7: Comp::mentary cumulative distributi:n functions of the

population risks for disposal in basalt and tuff
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Figure 8.54: Comptmentary cumulative distribt'llon functions of the
population risks for disposal In bedded salt.-
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Figure 8.5 9: CCOP for Base Case
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Figure 8.510: CCDF for No Metardati:n in Lower Aquiferd
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Figure 8.5>12: CCDF f r Greater Vclume of Water for Waste Dissolution
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Figure 8.514: CCOF for Aquifer Porosity Meduced by a Factor of Ten'
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i Figure 8.516: CCl!N (tr urger Borehole Diamet3r"
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't Figure 8.517: CCDP for Modified Vcicano Probability''
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Table 8.5>7: Summary cf Events included in CCDF Base Case
..

E.um Time Period (Yem) Pmhn hillev. P rnn w uence.C

Dnll/No Hit 100 10,000 1.0 7.2 x 10 7
(18 Holes)
Dn1LHit 0 100 0 .159

100 500 2.4 x 10 3 .055

500 1000 3.0 x 10 3 .031

1000 2000 6.1 x 10 3 .017

2000 5000 1.8 x 10 2 .010
5000 10000 3.0 x 10 2 .008

Faulting 0 100 1 x 10 3 1.47 x 10 2,

100 500 4 x 10 3 1.44 x 10 2 [
'500 1000 5 x 10 3 1.35 x 10 2

1000 2000 1 x 10 2 1.22 x 10 2

2000 5000 3 x 10 2 8.64 x 10 3

5000 10000 4.9 x 10 2 3,07 x 10 3

Volcanism 0 100 1 x 104 4.2 x 102

100 500 4 x 104 1.5 x 102

500 1000 5 x 104 8.3 x 101

1000 2000 1 x 10 5 4.5 x 101

2000 5000 3 x 10 s 2.7 x 101

5000 10000 5 x 105 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow
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Table 8.5 8: Summary of Events included in CC0F
No Retardation in Lower Aquifer4

Ex:nt Time Period (Yeani Pmhnhi11tv. P Conteauence C

Dri1VNo Hit 100 10.000 1.0 8.3 x 10 7
(18 Holes)
Dn!VHit 0 100 0 .159

100 500 2.4 x 10 3 .0$$
500 1000 3.0 x 104 .031
1000 2000 6.1 x 104 .017
2000 $000 1.8 x 10 2 .010
5000 10000 3.0 x 10 2 .008 [

Faulting 0 100 1 x 104 1.93 x 10 2
100 500 4 x 104 1.89 x 10 2

500 1000 5 x 104 1.80 x 10 2
1000 2000 1 x 10 2 1.64 x 10 2
2000 5000 3 x 10 2 1.24 x 10 2
5000 10000 4.9 x 10 2 4.61 x 104

Volcanism 0 100 1 x 104 4.2 x 102 t

100 500 4 x 104 1.5 x 102
500 1000 5 x 104 8.3 x 101
1000 2000 1 x 104 4.5 x 101
2000 5000 3 x 10 5 2.7 x 101
5000 10000 5 x 104 2.0 x 101

Normal Groundwater 0 10000 1.0 0
Flow

I
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Table 8.5:9: Summary of Events included in CCDF
Solubility increased by a Factor of Ten-'

i

Engl Time Period (Years) Pmhmbility. P conueuence. C

:

Dnll/No Hit 100 10,000 1.0 8.3 x 10 7 |
'

(18 Holes)
DrillHit 0 100 0 .159

100 500 2.4 r.10 3 .055

500 1000 3.0 x 10 3 .031 ;

I1000 2000 6.1 x 10 3 .017
i 2000 5000 1.8 x 10 2 .010 '

5000 10000 3.0 x 10 2 .008 [
;

Faulting 0 100 1 x 103 1.93 x 10 2

100 500 4 x 10 3 1.89 x 10 2

500 1000 5 x 10 3 1.80 x 10 2

1000 2000 1 x 102 1.64 x 10 2

2000 5000 3 x 10 2 1.74 x 10 2

5000 10000 4.9 x 10 2 4.61 x 10 3

Volcanism 0 100 1 x 104 4.2 x 102

100 500 4 x 104 1.5 x 102

500 1000 $ x 104 8.3 x 101

1000 2000 1 x 10 5 4.5 x 101

2000 5000 3 x 10 5 2.7 x 101

5000 10000 5 x 10 s 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow
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Table 8.510: Summtry of Events included in CCDP
Grontit' Volume of Water for Olssolution. . ~

Euns Ijahrieri (Yemi Prohnhillrv. P fggggpuence. C

Dnll/No Hit 'J/J 10.000 1.0 7.4 x 10 7

(18 Holes)
Dn11/ Hit 0 100 0 .159

100 500 2.4xl'.o .055

500 1000 3.0 x 10 3 .031

1000 2000 6.1 x 10 3 .017

2000 5000 1.8 x 10 2 .010

5000 10000 3.0 x 10 2 .008

Faulting 0 100 1 x 103 1.47 x 10 2

100 500 4 x 10 3 1.44 x 10 2

500 1000 5 x 10 3 1.35 x 10 2

1000 2000 1 x 102 1.22 x 10 2

2000 5000 3 x 10 2 8.64 x 10 3
'

5000 10000 4.9 x 10 2 3,07 x 10 3

Volcanism 0 100 1 x 104 4.2 x 102

100 500 4 x 104 1.5 x 102

500 1000 5 x 104 8.3 x 101

1000 2000 1 x 105 4.5 x 101

2000 5000 3 x 10 5 2.7 x 101

5000 10000 5 x 10 5 2.0 x 101

Normal Groundwuer 0 10000 1.0 0

Flow
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Table 8.511: Summary of Events included in CCDP
WISP Retardation Values Used in Aquifer

,

Eyym Time Period (Years) Prohahilley. P Conwuence. C

Drt11/No Hit 100 10.000 1.0 7.0 x 10 7
(18 Holes)
Dri!]/ Hit 0 100 0 .159

100 500 2.4 x 10 3 .055

500 1000 3.0 x 10 3 .031

1000 2000 6.1 x 10 3 .017
2000 5000 1.8 x 10 2 .010 |

5000 10000 3.0 x 1&2 .008 |

|
Faulting 0 100 1 x 10 3 1.27 x 10 2 |

100 500 4 x 10 3 1.24 x 10 2 l

500 1000 5 x 10 3 1.18 x 10 2

1000 2000 1 x 10 2 1.06 x 10 2

2000 5000 3 x 102 8.23 x 10 3

5000 10000 4.9 x 10 2 3.04 x 10 3

Volcanism 0 - 100 1 x 104 4.2 x 102

100 500 4 x 104 1.5 x 102

500 1000 5 x 104 8.3 r 101

1000 2000 1 x 10 5 4.5 x 101

2000 5000 3 x 10 3 2.7 x 101

5000 10000 5 x 105 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow
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Table 8.512: Summary of Events included'It' CCDP
' Aquifer Porosity Reduced by a Factor of Ten, . .

|

Eung Time Period Nears) PmbabillM Contreuence. C
f

Drtil/No Hit 100 ;0,000 1.0 9.1 x 10 7

(18 Holes)
Drill / Hit 0 100 0 .159

'

100 500 1.4 x 10) .055 i "

500 1000 3.0 x 10 3 .031

1000 2000 6.1 x 10 3 .017

2000 5000 1.8 x 10 2 .010

5000 10000 3.0 x 10 2 .008

'

Faulting 3 100 1 x 103 1,99 x 10 2 T"

100 500 4 x 10 3 1.?4 x 10 2

"'O 1000 5 x 10 3 1.84 x 10 2

1000 2000 1 x 10 2 1.67 x 10 2

2000 5000 3 x 102 1.26 x 10 2

| 5000 10000 4.9 x 10 2 4.61 x 10 3
|

l"'>Volcanism 0 100 1 x 104 4.2 x 102

100 500 4 x 104 1.5 x 102

500 1000 3 x 104 8.3 x 101
| 1000 2000 1 x 105 4.5 x 101

| 2000 5000 3 x 105 2.7 x 101

| 5000 10000 5 x 10 5 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow

|

|
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Table 8.513: Summary cf Events included in CCDF
Drill Hit Modified: Horizontal Emplacement

-
.-

EEal Time Period (Yean) Prohnbiliev. P Cor muence. C

DnlVNo Hit 100 10,000 1.0 7.2 x 10 7
(18 Holes)
Drill / Hit 0 100 0 .025

100 500 1.6 x 10 2 .009
500 1000 2.0 x 10 2 .005
1000 2000 3.9 x 10 2 .003
2000 5000 1,1 x 10 t .002
5000 10000 1.8 x 101 .001 [

t

Faulting 0 100 1 x 103 1.47 x 10 2
100 500 4 x 10 3 1.44 x 10 2

500 1000 5 x 10 3 1.35 x 10 2
1000 2000 1 x 102 1.22 x 10 2
2000 5000 3 x 102 8.64 x 10 3
5000 10000 4.9 x 10 2 3.07 x 10 3

Volcanism 0 - 100 6.6 x 104 4.2 x 102
100 500 2.6 x 10 5 1.5 x 102

500 1000 3.3 x 10 5 8.3 x 101

1000 2000 6.6 x 10 5 4.5 x 101

2000 5000 2.0 x 104 2.7 x 101

5000 10000 3.3 x 104 2.0 x 101

Normal Groundwater 0 10000 1.0 0
Flow

i
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Table 8.514: Summary of Events included in CCDF..

?rger Borehole Olameter

|

| ;

h Time Period Wem) Prohahillrv. P Conwuence. C

Drill /No Hit 100 10,000 1.0 1.1 x 104

(18 Holes)

|
Drill / Hit 0 100 0 .295

100 500 3.0 x 104 .102

500 1000 3.8 x 104 .058

| 1000 2000 7.6 x 104 .032

| 2000 5000 2.3xIM .019

| 5000 10000 3.8 x 10 2 .014 $
i'

Faulting 0 100 1 x 104 1.47 x 10 2|

| 100 500 4 x 104 1.44 x 10 2

500 1000 5r.104 1.35 x 10 2

1000 2000 1 x 102 1.22 x 10-2

2000 5000 3 x 10 2 8.64 x 104
5000 10000 4.9 x 10 2 3.07 x 104

Volcanism 0 100 6.6 x 104 4.2 x 102

100 500 2.6 x 104 1.5 x 102

500 1000 3.3 x 104 8.3 x 101

1000 2000 6.6 x 104 4.5 x 101

2000 5000 2.0 x 104 2.7 x 101

5000 10000 3.3 x 104 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow

1
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Table 3.515: Summary of Events included in CCOF
.

Volcano Modified: Highest Sandla Probability

E.unt Time Period A'c-M Prohabillrv. P Conwuence. C

Dnil/No Hit 100 10,000 1.0 7.2 x 10 7
(18 Holes)
DnWHit 0 100 0 .159

100 500 2.4 x 104 .055
500 1000 3.0 x 1&3 .031

1000 2000 6.I x 104 .017

2000 5000 1.8 x 10 2 .010
5000 10000 3.0 x 10 2 .008 b

i

Faulting 0 100 1 x 104 1,47 x 10 2

| 100 500 4 x 104 1,44 x 1&2

| 500 1000 5 x 104 1.35 x 10 2
i 1000 2000 1 x 104 1.22 x 10 2

2000 5000 3 x 102 8.64 x 104
5000 10000 4.9 x 10 2 3.07 x 104

Volcanism 0 100 6.6 x 104 4.2 x 102
100 500 2.6 x 10 5 1.5 x 102

500 1000 3.3 x 105 8.3 x 101

i 1000 2000 6.6 x 10 5 4.5 x 101

| 2000 5000 2.0 x 104 2.7 x 101
| 5000 10000 3.3 x 104 2.0 x 101

Normal Groundwater 0 10000 1.0 0

Flow
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With the recent focus of effort on examining potential risks from the tuff
repository, a more detailed assessment of releases is presented here. Figures 8.5 9
through 8.517, and the corresponding Tables 8.5 7 through 8.515, contain a
detailed risk analysis of potential release events and a sensitivity analysis based on
variations in select parameters. (The calculations supporting these data exclude
consideration of gaseous carbon 14 releases. The issue of carbon 14 release
remais controversial and unresolved.)

Figures 8.5-9 through 8.517 display the probability of event occurrence in tuff
plotted against the sum of release fractions in a log log format. The various 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:

No retardation in the lower aquifer.

Nuclide solubilities raised by a factor of ten [+

Increase in water volume i.

Potosity reductions, etc..

Additional 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 Standani. 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
quantity of water limits the amount of dissolved radionuclides to their
corresponding solubility limits.

8.5.1.7 UncertsIntles In the Risk Assessment. The results of the risk
assessments discussed in Section 8.5.1.6 encompass many uncertainties, which are
due to 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.

situation.

The generic nature of the modeling, i.e., no detailed site specific cata 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. Herefore, despite these

8 47
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uncertainties, the Agency believes that the estimates generated herein provide an
adequate technical basis for the associated regulations.

In order to lend perspective to the uncenaindes in these calculations, the Agency
has proceeded a: fel!ows: First, in estimating parameters or in choosing models to
represent various prccesses, an attempt has been rnade to consistently overestimate
factors that contribute to risks from the repositon. This is the same philosophy
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 recomrnendations of
the Agency's Science Advisory Board. The parameters required to rnodel the tuff
repository were largely derived from the 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 msults of the assessment change with variations in certain model p
components or parameters. For parameters that are particularly imponant in t

determining the final risk results, special attention has been devoted to choosing ,
appropriate values. For example, published values for lower aquifer hydraulic 9
conductivity in the tuff model range frocn 700 to 0.007 meters per year. A %moderately conservative value of 75 meters per year was chosen as a realistic
approximation for the specific hydraube characteristics o' the geologic unit in ,
quesnon.

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

It is important to distinguish between the type of uncertainty included in the
generic analysis reponed here and the uncertainties that would remain with real

i sites when they are chameterized and modeled in connection with the decision on
i 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 repositon. A real site will include ,/
the additional uncenainties associated with data collection, site complexity, and >

difference of opinion about a specific site's characteristics. Such uncertainties are j
; not within the scope of the work reponed here.

Altemate cases (see Section 8.5.1.6) were used to model ground water flow for
several release scenarios, including faulting and borehole near miss, for the tuff
repository. The two values identified as having the greatest uncertainty are

,

'

| solubility and retardation. Previously used values for these parameters vary over
i

8-48
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orders of magnitude. An alternate case for the fracture flow porosity was also
used because of a possible non conservative assumption. |

An area of relatively high uncertainty is the effect of retardation on nuclide.
-

tnigration. Two alternate cases were used to exarrune uncertainnes m retardation. !
-

The first alternate case uses the values from the WISP report (NRC, 83) for I

retardation in the horizontal leg. It is also possible that the rock surface
characteristics of the fracture flow path cause little or no retardation. The second
alternate retardation scenario sets all retardaions to 1, thereby neglecting its effect.

Two attemate cases were also modeled fo" solubility. The first case assumed that
each canister was exposed to 5 liters of v ater 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 altemate case had.an
effect on ground water releases, because all nuclides with low enough retardadon
to travel the entire horizontal flow path in 10,000 years were teach rate limited.

,

The altemate solubility cases increased the borehole near miss surface release by p
increasing waste concentration in the unsaturated region. t

i
'

The remainder of this section essess several of the uncertainties in this risk
| assessment by examining the sensitivity of the results to many of the assumptions

| used in the various repository models,

Sensitivity to Waste Package Parameters. The analyses summarized in this section
investigated how the population risks vary with different assumptions about waste
package lifetime and waste form release rate. Waste package lifetimes of zem and
1000 years were considered for population risks, and lifetimes of 300 to 1000

,

years were unsidered for the individual exposures. The waste form release ate
was varied from one part in 1000 (104) per year to one part in 1,000,000 ((104)|

per year.

Figure 8.518 displays the results of these analyses for the three different rnedia
(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
relanvely 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 8.519 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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Figure 8.5418: The effect cf canister life and waste fcrm leach rate en**

population risks for three potentially suitable repository media ,
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Figure 8.519: Effect of c nist:r life and waste form leech rate en radiation

exposures from drinking grcund water at 2 kilometers from
." repository
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lifetime primarily 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 time for the. larger release rates as the peak concentration passes the
2 km point of interest.

Sensitivtry 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 assurnptions about the geochemical parameters. For one
set of analyses, the geochemical retardation factors were varied to consider the two
alternative sets indicated in Table 8.515, which are primarily taken from a NAS_
report (NAS83). For another set of analyses, the solubility limits used for (nose
emmems 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
limits substantially increased the risks 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.

'Sen.sitivity to Americium Solubility. One itnportant change from the analyses
supporting the proposed rule concemed the solubility 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 SAB suggested be
reexamined, and more recent information supports the much lower choices
described in Section 8.5.1.2 (which vary for the different geologic media). 'Ihe
analyses described in this section indicate the importance of this change. Tne base
case models for basalt and bedded salt were reanalyzed; the only change was to
retum the americium solubility limits to the 50 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 cornparison 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, particularly for the bedded salt models.

Sensitivity to Ground Water Travel Time. The etfect 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 pt 6
in most of these analyses. The tuff model assumed a ETEtftf five kilometer to
the accessible environment for all calculations 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 cornes from release modes involving ground water flow, this section
only considers the buait model. Figure 8.5 22 demonstra:es how the risk from
this model changes c.ue to the longer distance and travel time.

.
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Table 8.5-15: Alternative geochemical parameters cons!dered in risk assessment
|

|

Basalt Bedded Salt Tuff *'
fg Parameter

|
|

Lower Retardation Factors"
9 i I I

| carbon
50 1 1O strontium

500 300 I
P zirconium

I i i
technetium

100 10 1
sin

I 1 i
iodine

100 1 1

cesium
20 10 I

uranium
10 10 I

neptunium
100 .10 1

.

plutonium
60 300 i

americium

Higher Retardation Factors"
1 I I

carbon
2000 100 200

strontium
5000 1000 5000

zirconium
100 20 5

technetium
5000 1000 1000

tin
50 1 I

iodic::
10000 2000 500

1000 60 200 |jcesium
uranium

500 300 100
neptunium

5000 10000 200
plutonium

10000 3000 1000
americium

"For use with all isotop;s of radionuclides listed.
" Assumes fracture flow . _ . ,

9
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| The negligible effect for basalt is due to the relationship of the aquifer flow
| velocity and the retardation factors of the various 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 time of 210 years to 2 km,530 years to 5 km, and
1060 years to 10 km. Retardation factors are 1 for iodine 129 and carbon 14,5
fer technetiurn 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
considered, while none of the other radionuclides can 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.

[Sensirivity to Event Probabilities. Most of the event probabilities used in these
analyses were intended to be conservative values that probably overesdmate the
frequently of the various disruptive events. Therefore, the sensitivity of the

/ population risk estimates to lower event probabilities was evaluated. For these
l analyses, the fault movement freq;ency was decreased by an order of magnitude 9

j* more for each of the media considered (except for basalt), t
!

j In addition, the inadvertent human intrusion frequency was decreased by a factor of

| two, and no intmsions were assumed to occur sooner than 500 years after disposal.

| Figure 8.5 23 displays the results of these changes for the models in basalt. bedded
| salt, and tuff. The variations in the population risks in response to these changes

are relatively modest, indicating the risk estimates are not highly sensitive to the

| values used for the frequency of disruptive events.

Sensitivity of Bedded Salt Models to Host Rock Permeability. The models used so
far for repositories in bedded salt assume that the salt fortnation itself is essentially

I 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 leakage 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 5 percent of the repository inventory and volume was subjected to
i ground water flow through the salt, with this flow zone having a hydraulle
; conductivity of 10* cm/s 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 additional releases for either of the bedded salt models. Therefore, the finding
that there are no projected releases due to undisturbed performance of bedded salt

8-57

htharD Little
. . . .



. _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _

.

!
,

;; - . .

! : 1
:

- !
4

,.,
.

.

.,

!.

10,000
r

i

i

!
REFERENCE CASE

>
|jI;k$|lDW PROBABILITY

,

!g 1,'X)0 -
i

!@ m
f" %

Ii |
:6 ;

%mi
.

100~ -
;

S~2%
g
Ld'

> .jg:n-

i
6@A6hO

m
M 4Gib

'zi$p?

S }Widh
LQ

'

nas< 10
,

|.- 0 >4
-

-

.

.-a
3. . .q$! <

; p
< ik n.

g?%; Wst,
sa. m p ..

;
19 5

2.,5%,% !55h,

%g?n
gg

| n-y 2D|||.
[&a%5
tg: I

n

p,

s
#G2p'i ;6@ d;i

s
! I --

ISM: $4IIi.

iks$ M @: w:3I ser .wu gn wn. gyrs MM ggy[%
;y91,

+ vsf (
''; ?Ik?$ 'i

4yk".1
'

,.,[d
/

)IY.ii'p!:ki {$,f.d .,
-

3,

BASALT PAID DURO PARADOX TUFF.

t
mr

,
.

"
'

a
Figure 8.5-23: Sensitivity of population risks to event probabilities1 a

;
.

- _ _ _ - - - _ -



_ _ . _ _ _ _ - ._ _ ____.__ _ _ ___.______ _ _

-
-

>

,.

y . . _

t

.. y

I
r

repositories appears to hold, even if there are small permeable zones of this-
magnitude through the salt formation.;

!

Swnmary of Sensitivtry Analyses. - The sensitivity analyses performed in support of,

the final rule provide several perspectives conceming the relative importance of the .

various parameters to the projection _of population and individual risks, as well as
-

to the achievability-of the disposal standards. First, it must be not,d that the great
majority of the various combination of assumptions regarding site and engineered
barrier characteristics result in population risk projections indicating cotecliance ,

with the final containment requir-ments. Second, it is apparent that certam
parameters are more important than others for demonstrating such compliarae.

With regard to the engineered barriers, the waste form release rate always appears t
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 characteristics. Thus, a good waste form may be able to overcome -
uncertainties about the characteristics of a' site. .On the other hand, the canister
lifetime is particularly significant for keeping risks to individuals (using ground b
water near a repository) to acceptable levels, since even a very good waste form '
cannot keep the radionuclide 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 tirmts are assumed _(Sm82).
However, the analyses performed for the final rule suggest that the risks generally; [

|- are not unusually sensitive to these factors within a range of reasonable
asswnprions such as those provided by the NAS WISP report. .Thus, assuming the 4

existence of some minimal retardation and modest limits on solubility, determining
the exact contribution of these rather uncertain processes may not be ofiprimary
importance relative to compliance with the disposal' standards. :Relatively
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 occur).

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 relatively well
L
|

| . .
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known after site characterization and design and testing of the engineered portions
of the planned disposal systems.
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ADL 79 Arthur D. Little, Inc., Technical Support of Standards for High Level
Radioactive Waste Management Vol. A D and Addendum. U.S.
Environmental Protection Agency, EPA 520/4-79 007, Washington,
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Sm82 Smith C.B., Egan D.J., Williams W.A., Gruhlke J.M., Hung C.Y., and
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[ 8.6 Transuranic Radioactive Waste DispStal. . -

.-* .,

i

!

8.6.1' Population Risks
- -

- a
8.6.f.1 System Model. _ The waste disposal system considered fgthis risk .

'

assessment is based on DOE plans to operate a mined geologic ripository in.
bedded salt for the permanent disposal of defense related transuranic (TRU) wastes.
The risk assessment presented here describes the choice of radionuclide release
scenarios and physical and chemical parameters used to determine, in a preliminary - ,

way, the potential _ compliance of the proposed _ salt hosted TRU waste geologic
'

repository with the Standard, nese calculations differ from many of the previous
EPA calculations in that almost all of those previous calculations were for a high'
level waste repository, rather than a transuranic waste repository,; nis is traportant
not only from the standpcir.: of radionuclide inventory, but also becaux the ruode -
of emplacement and the geometry of the repository are quite different.-
Furthermore, there are relatively few cani:tm for TRU was:es, and the waste form

_

is such that a restrictive teach rate .does not appear to be a limiting factor on
levels of release.

To promote waste isolation, the planned repository will-be situated at a' depth of- p
approximately 650 meters below the land surface in a thick salt _ bed with minor

[-anhydrite interbeds.- ne 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
conductivity of this magnitude generally translates to low fluid flow-velocities.
Due to its plastic behavior, salt bodies " flow'' under gravitational or; compressive-

forces. Salt flow is accornpanied by a natural' annealing process,'such that -
fractures, faults and voids self scal over short periods of time. Salt is 'also an
excellent tnermal 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'
list of these natural processes includes creep closure, brine infiltration, gas
generation, waste compaction, 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 cornplete repository closure range from-
60 to 100 years following waste emplacement. Compaction of wastes and backfill
rnaterial will proceed until a sufficient density is achieved to prevent further
cornpaction, however, brine volume, gas pressure, and the behavior of the disturbed
rock zone surrounding underground excavations will impact the' rate of closure.

7

DOE estimates that the final porosity of the post closure repository will range from gp.," o
0.15 to 0.21 (SAND 89-0462).

_

d
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Brine from the matrix and fractures of the host salt formation is expected to now
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
inaux 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
atmospheric pressure in the repository. Once the repository is sealed, brine will
continue to flow into excavated panels until the waste generated gas pressure is
equivalent 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 focuskng 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

facility are planned, however, this risk assessment modeling assumes that passive [,
monuments for warning future generations of the presence of the underground

,

'

institutional surface controls are effective for only the first 100 years fo!!owing
facility closure.

The risk assesstnent described here was conducted by the Agency to achieve.two

|
purposes: 1) to identify the most important potential radionuclide escape pathways

I 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 years, therefort 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
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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 analyses are presented to demonstrate the potential consequences to
populations from release mechanisms operating under a variety of physical and
chemical parameters.

'

6.6.7.2 Site Parameters. The following section describes the physical setting 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 scenarios.

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 y
continuous one meter thick unit located one meter below the repository. Overlyin(
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
continuous 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 varies markedly. For example,
there is a probabirliev of one (1) that brines will flow under natural or induced q'

gradients from the repository toward the accessible environrnent. The probability
dof this occurrence is high, however, the corresponding consequence is so small thar

it is 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
occurring 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
of contaminant transport to the accessible environment for all bore hole scenarios
except the " direct hit", which releases contaminants to the land surface. The.
previously-described dolomite aquifer is characterized by a combination of matrix
and fracture flow hydraulic behavior. Hydraulic conductivity over the now path to
the accessible environment ranges over several orders of magnitude, from 10" m/s
to 104 m/s. For the risk assessment modeling, a conservative value was used to
reflect the dominant role of fracture controlled gmund water flow from the
proposed repository site to the accessible environment. The minimum transport
distance (in the dolomite aquifer) from the edge of the repository " footprint" to the

,

accessible environment is approximately 3 kilometers.

An upward natural gradient is assumed to exist for any borehole pathway that
might be present. Exploration boreholes are assumed to be at least partially sealed
with a concrete like material following completion of drilling activities.. The long
term hydraulic character of a borehole seal is assumed to reflect an ant'cicipated
degradation with time. The risk assessment presented here assumes the borehole tp
have a hydraulic conducQty of 104 m/s (sandy gravel) with a porosity of .25 an5,

2a cross sectional area of .05 m.

B.6.1.3 Repository Parameters. Certain engineering specifications for the TRU
repository are assumed here. These dimensional and structural parameters (from

g
S AND89 0462) are shown in Figures 8.61 and 8.6 2 and Table 8.61. The
repository will be situated at a depth of 655 meters below the ground surface. *

The underground 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 side. Wastes.will be
stored in a series 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 exhust and intake shafts.

Waste isolation systems in the facility will incorporate a stxies of panel seals and
seals between the waste storage area and the access drifts. Panel seals will be
located at the junction of main north south access drifs arid the individual panel
access routes. Seals will be constructed of " block form" preconsolidated pre-

2crushed sait, with an expected permeability of 10" m and a porosity of 0.05.
Rigid temporary composite seals may be used for short term brine flow control
measures and pressure attenuation between the waste storege area and the access
drifts. Access drifts will be filled with crushed salt backfill.

A proposed shaft seal system for the TRU waste repository is illustrated in Figures
8.6-3 and 8.6 4. A two component seal systern 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 8tepository Laycut
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8 waste panels.

7 rooms per panel' .

Room dimensions = 4m(h) x 10m(w) x 92m(l).

4 shafts-

Total repository excavated volume = 5.8 x 10'm'.

Shaft seals composed of reconsolidated crushed salt.

and salt backfill
Estimated inventory: 385,000 steel drums.

19,500 " boxes"
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Table 8.61: Repository Parameters
..

i

Areas Volume

Excavated Enclosed Excavated Enclosed,

| Region (10' m') (10' m') (10' m*) - (10' m') .

Room 0.092 0.092 0.36 0.36
One panel 1.2 2.8 4.6 11.0
Southern equivalent panel 0.84 3.5 3.3 14.0
Northem equivalent panel 0.87 3.6 3.4 14.0-
Access drifts 2.2 28.0 7.8 100.0.

; Experimental 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 3.5
to base of Rustler Fm.

DR2 in storage region 0.0 0.0 57.0 [
No. of waste panels 8 :

No. of rooms per panel 7

Room height _ 4m
Room width 10m

| Roc n 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 to the shafts from water bearing units overlying the
repository.

B.6. f.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 variety
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 is categorized 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 millirem 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 and, ;

plutonium 239 (see Table 8.6 2 for waste inventory), t
;

In addition to TRU wastes, the facility will store a variety of comingled,
potentially hazardous chemical constituents generated through defense related
activities. The comingled wastes, refered to as " mixed wastes", share similar
physical and radiological characteristics 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. Additional
mixed wastes include metal contaminants, such as barium, cadmium, 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 containe:ized in sealed 55 gallon steel drums and

| boxes. Current DOE plans for waste disposal methods include a three tier packing
configuration of CH waste drums and horizontal storage of RH TRU wastes in
specially designed canisters. Horizontal boreholes in the walls of waste panels will;

I be used for the permanent disposal of RH TRU waste canisters to effectively-

gpate 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 potential release
scenarios from the proposed salt repository, especially in connection with thej

'

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 1 of the Standard. The normal ground water flow

8 71
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'' Table 8.6 2: TRU Wec Invent:ry*

*
.

!

'

initial CH and RH Waste Inventory .

CH Waste
Radlonucilde ti/2 (yr) Curles

Th 232 1.41 x 10'' 2.74 x 10 '
U 233 1.59 x 10' 7.72 x 10'
U 235 7.04 x 10' 3.70 x 10''

; U 238 4.47 x 10' 1.47

Np 237 2.14 x 10' 8.02'

Pu 238 8.77 x 10' 3.90 x 10'
Pu 239 2.41 x 10' 4.25 x 10'
Pu 240 6.54 x 10' l.05 x 10''

Pu 241 1.44 x 10 4.08 x 10'
Pu 242 3.76 x 108 1.80 x 10'
Am 241 4.32 x 10' 6.37 x 10'
Cm 244 1.81 x 10' !?,7 x 10'

.

.

Cf 252 2,64 2.03 x 10' g
i

RH Waste Weight
Radlonuclide (1/2 {yr) Fraction

Sr90 28.5 .0009
Ru 106 268 days O

Sb 125 2.7 0

| Cs 137 30 .0011

|
Ce144 2A5 days .0003
Eu 155 4.7 0
U 235 7.04 x 10' .75
Pu 239 2.41 x 10' .227

l
Pu 240 6.54 x 10' .0206
Pu 241 1,44 x 10' .0021

Total RH Curies = 5.17 x 108

Source: Lappin et. al.,1989.

'*
Arther D Little

- -_ . .. .- . .. - - -. - .. - - - ,. .



- ,

'

.... . 4

..

1

scenario is described here due to the high probability of occurrence, with the
understanding that the consequence is negligible.

The conceptual framework for normal ground water flow releases is desenbed in
detail in SAND 89 0462 and is summarized below. Fc!!owing c mpletion of waste
emplacement, all panels, shafts and nearby boreholes are scaled and fractures in the
thin anhydrite bed underlying the repository are selaed below excavations. Initially

1

the repository is free of brine, but brine influx begins immediately following '

closure. Gas pressure slowly increases from the microbial decay of organic wastes
until it approaches a sufficient level to inhibit further bdne influx. DOE assumes
that gas generation continues for at least 2000 years. Oas pressure diminishes as
microbial decay of organic material ceases. Brine inflow resumes, resulting in
saturation of all wastes. Brines containing released radionuclides begin to migrate
from the repository under a pressure differential, or hydraulic gradient, between the
repository and the overlying aquifer. Potential releases to the accessible
environment result from: 1) now through the bulk rock overlying the repository.
2) flow through the fractured anhydrite underlying the repository, and/or 3) flow [
through the fractured anhydrite, to the shafts, and subsequently to the overlying '
aquifer system.

On the em 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
million 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
accessible environment will occur from the proposed salt repository under expectedo

or degraded conditions by way of normal ground water flow within 10,000 years,
thereby satisfying the $tandard under this scenario. No quantitative evaluation of
nonnal giound water flow is presented here.

The conceptual framework for the rnodeling of ground water releases by way of
inadvertent exploratory drilling is as follows. On the basis of reference ddlEng
rates in this kind of geologic environment, it is expected that approximately 15
boreholes would be drilled 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
fe: an indefinitely long period, the repository storage rooms and the underlying
fractured anhydrite are pressurized to equillbdum 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 drilling events into the repository,

l
|
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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

t

! would be dominated by uncontaminated brine, rather than the relatively small
lcontribution expected to be made at the repositor / evel. Furthermore, holes that

intersect pressurized bdne would be expected to be plugged or at least filled with
drilling mud, so that they do not continue to flow upwards towards the aquifer or
the surface in any quantiiy significant from the standpoint of radionuclide releases.

Given this general hanework, the future drilling event considered is a sequence of
three boreholes at reference points in time: 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 bnng three drum equivalents of waste directly to the surface. The
corresponding inventory will vtcy 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 teaching and degradation
of a cement plug or from sections that had simply been filled with sand or drillin|
mud. The corresponding hydraulle conductivity is assumed to be constant at 10'''
em per second.

Pressure at the repository level is assumed to equilibrate with pressure in the
underlying pressurized bdne reserviors, and 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

i canies 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 a 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 will be

i 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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6.6.1.6 M/sk Assessment Mesults. The result of the base case calculations using
the methods and parameters in the previous section is that the total sum of release
fractions, corresponding to the parameter required to be evaluated by thet

J

quantitative pan of the 40 CFR 191 Standard, is:

f = 0.09

The predicted releases, according to these models, lead to a total " sum of
fractions" equal to 0.09, where the Standard requires that this number be less than
1. That is, 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 Uncertaintles In the Misk Assessment. A number of alternative
assumptions have been used for additional calculations. These altemative
assumptions correspond to changes in the distance to the accessible environment,
the time of future drilling events, travel time within the aquifer, aquifer distribution
and retardation values, the hydraulic conductivity of plugged boreholes, the [
availability 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 cornparison between
the base case and various alternative values in these parameters is shown
graphically in Figures 8.6 5 through 8.612. Even with alternative values of the
parameters, compliance with the Standard is indicated in all these sensitivity
calculuions.

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 characteristics, 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 ultimately be able to demonstrate convincingly that the TRU
waste salt repository will comply with the 40 CFR 191 Standard.

.

4

i
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I Figure 8.605: Varlation of estimated performance with alternative*
;

assumptions about distnce to accessible environment
..
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Notes:

1. De results reported in this and the accompanying figures are based on simplified conceptual
models of the proposed salt repository and its environment.- It is recogni:e1 that there may be
large uncertainties 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 generally been developed using a conservative approach, i.e.,
one that would tend to overestunate the releases. The alternatives to the base case model
assumptions are intended to indicate the degree of sensitivity of the model itsults to changes
in certain input nasumptions.

2. The base case assumes a ground water travel distance of 5 kilometers in the upper aqu!!er
from the location of any future contaminated borehole to the accessible environment.

3. Altemative 1A assumes a ground water travel distance of 3 kilometers in the upper aquifer
from the location of any future conut:ninated borehole to the accessible environment.

4. Altemative IB assumes a ground water travel distance of I kilometer in the upper aquifer

| from the location of any future contarninated borehole to the accessible environment.

I
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Figure 8,6 6: Variation of estimated performance with alternative*

assumptions about time of drilling events
..

e
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0.0

Base Case ARemative 2A ARemative 28

Notes:

1. The base case assumes that there are three future boreholes that intersect waste storage rooms,
and that these occur at 100,1,000, and 5,000 years after repository closure.

2. Alternative 2A assumes that there are three future boreholes that intersect waste storage rooms,
and that these occur at 300,1,000, and 5,000 years after repository closure.

3. Altemative 2B assumes that there are three future boreholes that intersect waste storage rooms,
and that these occur at 500,3,000, and 6,000 years after repository closure.
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.* *.* Figure 8.6 7: Variation Cf estimat:d perform:nce with alternative

assumptions about aquifer travel time
..

i

11GLNQ

2o. D Grourester
a surface<

t8- 40 CFR 191 Lrna--

,

1.6-

| 1.4 -
'

A
a 1.2-

t,o ..........................................

.

3 0.8-
.

0.6-
*

-- ,

0.4- p

OM0o.2 - o,og 0.05
. ,,,,,,,. v, 1 . ,,.

f I I I I y

Base Case MematNe 3A AllematNo 38

Notes:

1. De base ca.se assumes that the ground water travel time within the upper aquifer from the
location of any contaminated borehole to the accessible environment (located 5 kilometer >
downstream) is 187 years.

2. Alte. native 3A assumes that the ground water travel time within the upper aquifer from the
location of any contaminated borehole to the accessible environment (located 5 kilometers
downstream) is 125 years.

3. Altemative 3B assumes that the ground water travel time within the upper aquifer from the
location of any contaminated borehole to the accessible environment (located 5 kilometers
downstream) is 12.000 years,

i
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Figure 8.6-4: VariatlGn of estimard performance with alternative* '
,

assumptions about aqulter distributlen coefficients
: ,.
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Notes:

1. The base case is based on dismbution coefficients from DOE's Case IIA, as reponed in
Lappin er al. (1989). Retardation values have been calculated from these distnbution
coefficients based on the equation provided in that reference for matnx now.

,

|

! 2. Altemative 4A is based on zero values for all distnbution coefficients. 'Ihis implies that there
is no sorption, and thus that the retardation values are all equal to one.

3. Altemative 4B is based on distnbution coefUcients from DOE's Case 1. as reported in Lappin

el al. (1989). Retardation values have been calculated from these distnbudon coefficients
based on the equation provided in that reference for matnx Gow.
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! Figure 8.6 9: Var' tion of estimard performance with C'ternative
i assumptions about borehole hydraulle conductivity. . .
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Notes:

1. De base case assumes that the hydraulic conductivity of the residual material filling the
borehole is 10' em per second.

2. Allemative $A assumes that the hydraulic conductivity of the residual material filling the
borehole is 10' cm per second.

3. Attemative $B assumes that the hydraulic conducuvity of the residual material filling the
borehole is 104 cm per second.
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. ,*. Figure 8.610: Varlati:n Cf estimated performance with alternative

assumptlons about water source to future borehole,,
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Notes:

1. The base case assumes that water that enters a future borehole intersecting a waste storage
room comes putally from the waste storage room itself (at full chemical saturation of
radionuclides) and parnally from the underlying fractured anhydrite (at one enth full
saturation). The relative contnbution from the two sources is proportional to their
transmissivity, which changes in time because of the compaction and reconsolidation of the
repository room.

2. Alternative 6A assumes that all water entering any future borehole comes from the waste
storage room itself at full chemical saturation.

3. Altemative 6B assumes that all water entering any future borehole comes from the underlying
anhydnte bed and is at 10 percent of its chemical saturation limit.

I
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Figure 8.611: Variation of estimated perfsrmance olth alternative
assumptions about pressure at repository level.
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Notes:

1. The base case assumes that the repository is in hydrostatic equitibrium with high pressure
brines in the underlying pressurized brines.

2. Alternative 7A assumes that brine at the repository level is at lithostatic pressure.
|
l 3. Allemative 7B assumes that brine at the repository level is at one half lithostatic pressure.
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*' Figure 8.613: Variati:n of estimard performance with altrnative
y assumptions about redlonuclide solubility
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Notes:

1. De base case assumes that each relevant element is soluble to a concentration of 10' motar,
and that this solubility is distnbuted over the various isotopes present in proportion to their

,

; mass fraction.

2. Altemative 8A assumes that each radionuclide is present at a concentration of 104 molar, with
no additional limitation imposed by the presence of multiple isotopes of the same element.

3. Altemative 8B assumes concentration limits one order of magnitude lower than those assumed
in the base case.
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DOE /EIS 0026 Draft Supplement Environmental Impact Statement: Waste
Isolation Pilot Plant,1989 Department of Energy.

SAND 89 0462 Lappin. A.R., et al.,1989; Systems Analysis, Long Term
Radionuclid? Transport, and Dose Assessments, Waste Isolation
Pilot Plant (WIPP), Southeastern New Mexico; Sandia Nationali

Laboratories.
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