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Goals and Design Requirement Types

Hyd"rologic--Maiority of Sealing Components

Establish design basis
Determine anticipated and unanticipated water inflows

Hydroiogic--Channeis and Sumps

Variable

Hydrologic--Bo;ehole

Preferential release

Airborne--Shaft, Ramp, Drift Fills

Determine percentage of flow through shafts, ramps,
and rock (convective airflow)
Determine preferential release (barometric airflow)



Scope of Presentation

RADIONUCLIDE RELEASE MODEL

WATER FLOW INTO REPOSITORY

ANTICIPATED

UNANTICIPATED
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DEVELOPMENT OF DESIGN REQUIREMENTS




Conceptualization of Performance
Allocation Process For Seals

(WATERBORNE RADIONUCLIDE RELEASE)

YEARLY GOALS

ESTABLISH ALLOCATE ESTABLISH COMPUTE
PERFORMANCE PERFORMANCE DESIGN DESIGN
GOALS GOALS GOALS REQUIREMENTS
v
P&GDN' 10m
< SR acadh
/ /ﬂ"?’ﬁh\y o
INFLOW SEAL COMPONELT
PLUG NEAR TOP OF SHAFT
TIME AFTER TIME AFTER TIME AFTER

CLOSURE CLOSURE CLOSURE




WATER FLOW RATE

Establish Performance Goals

—~— MAXIMUM -ALLOWABLE - PERFORMANCE GOALS

DESIGN-BASIS-PERFORMANCE GOALS
(Reduced Performance Goals)

EPISODIC FLOW DUE TO
UNANTICIPATED SCENARIOS

ANTICIPATED FLOW

TIME AFTER CLOSURE




Allocate Performance

Allowable Amount of Water Passing Sealing
Components and Contacting Waste

L ,
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Establish Desigh Goals

S(t) = X; DG; (1) - C4(t)
and

U@t) =X, DG ult) - Cu (t)

where

S(t) = performance goal for shaft and ramp subsystem,

U(t) = performance goal for the underground facility subsystem,
C, (1) = storage capacity for the shaft and ramp subsystem,

C, () = storage capacity for the underground facility subsystem,

Xs, X, = number of a specific sealing component in either subsystem

in which some level of performance is required, and
DG ,(t), DG, (t) = design goal for a specific sealing component in either
subsystem.



‘Scope of Presentation

) PERFORMANCE ALLOCATION PROCESS

WATER FLOW INTO REPOSITORY

ANTICIPATED UNANTICIPATED

REFINED COMPUTATION OF FLOW

« FRACTURE FLOW
+ FLOW INTO SHAFTS
- FLOW IN DRIFTS
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Radionuclide Release Model

coacka @9 Model 1

« Congruent dissolution

« All radionuclides in matrix

Model 2

« Radionuclides distributed in

—— e A ———————— . —— - — - -
PR nprap———— L 2 s

| - . : | - matrix
7\ AN - cladding and structural parts
a Cud” Gap  GrainBoundary  UO,Matix Cladding - gap .
) " ” — " - grain boundaries
t (o; c Cc Actinides c
129, 129, ~88%
135 135 Fission . .
Fuel Rod Cs Cs Products « Mechanisms considered
137Cs 137Cs
Pge Mge - congruent dissolution
e P - corrosion of zircaloy cladding
Dgy Dg, - rapid gas release

(Apted et al., 1989) preferential dissolution



HYDROLOGIC PERFORMANCE GOAL (m3/year)
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Development of Performance Goals

PREFERENTIAL DISSOLUTION FACTOR

, 10 (Tc-99)

- Pu-238

I 1 1 Y -
/'8r-90 ASSUMPTIONS
/ IMMEDIATE RELEASE, 0.5% (1-129, Cs-135, Cs-137, Sr-90)
. / Cs-137 PERCENT IN CLADDING (67%, C-14; 5%, Zr-93)
RELEASE DUE TO CORROSION, 8E-09 INVENTORY/Yr
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Pu-242 Zr-93

¥~ PROPOSED PERFORMANCE GOALS FOR THE
SEALING SUBSYSTEM (FROM 8PARTAN ANALYSIS)
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Types of Flow Considered

Anticipated

Matrix flow over entire repository area
Annual, limited, and localized fracture flow

Limited surface fiow intoc shafts

Unanticipated

Continuous fracture and matrix flow
over entire repository area

Extensive surface flow into shafts from
major flooding events



Flow Into Shafts
Assumptions
Anticipated Unanticipated

No restriction of flood waters - Restriction of all flood waters at
near shafts shafts
Shaft fili, granuiar 10 2 cm/s - Shaft fili, granuiar 10 %2 cm/s
No seals in shafts  No seals in shafts
Water supply--4 thunderstorms « Water supply--PMF and 500 year
>1.3cm (0.5 in) flood
Duration of thunderstorm, 1 hour « No restriction on duration of
Sheet flow lasts 1 hour over flow into shafts

shafts and faults



Models Used to Compute Flow Into Shafts
(Unanticipated Conditions)

}-—EXTENT OF WASH
EXTENT OF
CAPTURE
ZONE
(2W.rg )
\ 152m
DIRECTION

( I% SHAFT
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FLOW L A

SLOPE OF
WASH ~
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SHAFT FILL HYDRAULIC
CONDUCTIVITY=10"2¢cm/s

TIVA CANYON
BEDROCK (a) PLAN VIEW

{Not to Scale)
MODIFIED PERMEABILITY —— -
ZONE EITHER 20X OR Lo,
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NET
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| IS ZERO

SHAFT

(b} ELEVATION VIEW A-A'



Results

Range 13.4 m */yr to 106 m®/yr
Total for 4 shafts--270 m?/yr

Flow Into Shafts
Anticipateq Unanticipated
Approach Approach
Green and Ampt Solution Model 1--4 flows
* Dupuit
- Alluvial ‘
- Tiva Canyon
« MPZ and shaft

Tiva Canyon range Ksar 10 “ 10102 cm/s
Alluvium Ksat10 ® to 102 cm/s
2 MPZ models

Results

PMF 200 to 83,700 m?®
for all shafts



Flow Into Underground Facility

Anticipated
Approach: Matrix flow Result Clay--
APpProach Flux 1.3 x 1072 m3/s
Unsaturated zone Total 5 m® /yr
modeling with drift filled with |
ciay or sand Sand--
J 9.7x10%m3/s
- 0.1 m3/yr
Approach: Fracture flow Result
Green and Ampt Solution 62 m3/yr

 Partially convergent water flow
into 24 emplacement drifts

- 2 water-producing faults in
each ramp

« Fault properties varied

Unanticipated

Fracture and matrix flow 1mm/yr infiltration over total floor and ramp area--
5600 m? /yr
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Fracture Flow Scenarios and Variables
Considered

[~ — —
[ —— T

[~ —— -
~—

e — o
R gty
—_——-—
e ——— e —
- — P g
[ - ==
L e —— ]

5
iﬁ,’_gls.
0 BNEEY FLOW TOWARD €8 FAD
Scenarios Conditions Considered
 Rainfall 2 PMFs Rock properties
« Sheetflow « General storm « Average imbibition
« Channel flow « Thunderstorm S=67% £=11%

« Maximum imbibition
S=44% ¢ =15%

« Minimum imbibition
S=90% £=7%



Near-Surface Fracture Flow
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Zones of Influence--General Storm PMF
Channel and Sheet Flow

301193 01 At

ZONES OF INFLUENCE ARE INDICATED /
FOR CASES 1,2 AND 3 BY THE
CONCENTRIC CIRCLES AT
EACH SHAFT LOCATION
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Refined Computation of Flow

Drift Flow Model

DISTANCE (m)

INFILTRATION = 0.1mm/yr
- FLUX
— TSw2 — | =0.35gpm
[ GLACIAL OUTWASH
FLUX=00 —
- FLUX=0.0

- TSW2

L PORE PRESSURE = 0.0
I | | | | I |
0 35 70 105 140 175 210



Percent Passing

Gradation of Crushed and Mined Tuff

Crushed Tutt Size Gradation Comparison
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ELEVATION (m ABOVE DRIFT BOTTOM)

Effect of Material Contrast on Drift Flow

BULK ROCK, HYDRAULIC CONDUCTIVITY, K, = 10 m/s
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DISTANCE (m FROM EMBANKMENT TOE)

BULK ROCK, HYDRAULIC CONDUCTIVITY,K_,_ =107 m/s
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Refined Computation of Flow Results and Conclusions
Fracture Flow Into Shafts

- Shaft inflow through fractures 0 - 50 m 3/PMF
(no buffering, i.e., direct water contact to fracture network)

« Extent of zone of influence is potentially limited even for a PMF

« Locating shafts out of alluvial zones is very effective in
reducing water fiow into shafts

» Layered soils (capillary barrier) may be very effective in
reducing flow into shaft

Drift Flow

 Lateral flow in drifts can be controlled by material change along
flow path



WATER FLOW RATE {m?3/year)

Comparison of Goals and Flows

MAXIMUM - ALLOWABLE - PERFORMANCE GOALS

| ]

UNANTIClPATED SCENARIOS
SHOWN AS PEAKS

l /—- ANTICIPATED CONDITION

i

1000 1500 2000 2500

TIME AFTER CLOSURE {years)

3000

Condition

______——-'_"'-—-

1. Anticipated

» Unanticipated
- Climatic change 1 mm/yr

3. Unanticipated
- 500 year flood

4, Unanticipated
- PMF flood

5. Unanticipated
_ Condition 2and 4



Conclusions

« Nominali seaiing is only needed for anticipated conditions

« Sealing measures are proposed to provide a greater
assurance that performance goals can be met
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Desigh Goals For Sealing Option

Design Life

0 to 500 years--underground facility seals
0 to 1,000 years--shaft/ramp seals

Progressive failure

Design Goals

Include storage capacity
10,000 m ? shaft/ramp system

0 m3 underground system

Establish number of similar sealing components

S, (%)

Xa

DG a (to) =

Design Requirements

Establish flow model

Fully saturated above seal

Develop design chart

10m
CEEETT L

L

PLUG NEAR TOP OF SHAFT




Shaft/Ramp Component Design
Goals and Requirements

DESIGN DESIGN DESIGN
OPTIONS GOALS REQUIREMENTS
._, * 1700 m3/yr - Effective
RICRAE] RS it from 0 to 500 yr hydraulic

TIVA
CANYON I
BEDROCK | [ .7] # MPZ

. AY
: - =l sackFitL
NN

ANCHOR TO BEDROCK PLUG

and 23,000 m3/yr
at end of sealing
period

(1,000 yrs)

conductivity,
10-5t0o 104 cm/s

ALLUVIUM

- Reduce potential

« Saturated

TOPOPAH
SPRING
HOST ROCK

(1,000 yrs)

for water and hydraulic
air flow conductivity
<102 cm/s

+ 1000 m3/yr from - Effective
0 to 500 yrs and hydraulic
14,000 m3/yr at conductivity

WAPT PUG end of sealing 10-6 to

period 105 cm/s




Drift Component Design
Goals and Requirements

DESIGN DESIGN DESIGN
OPTIONS GOALS REQUIREMENTS
« 47 miyr, « Effective
ST 0to 300 yrs hydraulic
and 220 m®/yr conductivity,

ALLOWAGLE

SETTLEMENT t<iont T
“TOOSELY COMPACTED

to end of sealing

10-5to 104 cm/s

— == | period
roghsie| | (500yrs)
M TRARY WA soft BiRoRAL vENa ]
« 24 m3/yr/ « Effect
bulkhead, hydraulic
0 to 300 yr and conductivity,
110 m3/yr/ 10-8t0 10-7 cm/s
< e bulkhead at
l‘_ STORAGE cancnvv‘_l end of
T e — — sealing
(B) OOUBLE BULKHEAD (NO SETTLEMENT) period
(500 yrs)
PUT sueso « 24 m3/yr/ . Effective
SETTeeuenr bulkhead hydraulic
0 to 300 yrs and conductivity
e sarial 110 m3/yr at 10-5to
end of sealing 10-4cm/s

\_ 110-240m®
STORAQGE CAPACITY ‘
‘ (DEPENDENT
ON GRADE)
——— e 180 Pt — ——
(C) DOUBLE DAM OR DOUBLE
BULKHEAD WITH SETTLEMENT

period
(500 yrs)




WATER FLOW RATE (m3/year)

Results/Conclusions

- Design goals conservative

One subsystem considered

0* " v +

4
[
° ! MAXIMUM-ALLOWABLE-PERFQRMANCE GOALS ] - Performance goals reduced
10} §
e
w0  — - All water contacts waste
. L DESIGN BASIS PERFORMANCE GOALS3
o UNANTICIPATED SCENARIOS § - Fiow modei--fuily satur ated
wk SHOWN AS PEAKS ]
ol ANTICIPATED CONDITION ] - Unanticipated flow--design basis
' 50 R T T R T T T I T T I T 1) . Actual flow lower than design

TIME AFTER CLOSURE (yoars)

« Design goals iterative
- Reevaluate based on

- Total system performance analysis
- New baseline repository configuration






