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Outline

Summary of Key Components in Natural
and Engineered Systems

Summary of Key Features of VA
Reference Design

Description of Significant Processes and
Results of Key Components used in
TSPA-VA Base Case

Simplified Hand Calculation of Total
System Performance
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Methods to Present a Traceable
and Transparent TSPA

Identify all relevant processes for each key component
that could impact long term performance

Identify all the models that correspond to the key
components and how these models are interconnected

Identify the data in each model which forms the basis for
each model

Identify how the information flows from one component
to the next in generating the total system behavior

Explain all the results of each component and the total
system in physical terms

Produce a simple calculation of the system performance
that elucidates the key aspects in the analyses
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TSPA Model Components
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Key Features of Reference Design for
Viability Assessment. Repository

e ~300m depth; ~300m above e 85 MTHM/Acre

water table e« 70,000 MTHM
63,000 MTHM CSNF
« Topopah Spring welded 2,333 MTHM DOE-SNF
units 4,667 MTHM HLW
34 - Middle nonlithophysal 65 MTHM Navy Fuel
35 - Lower lithophysal 50 MTHM Pu-MOX

36 - Lower nonlithophysal
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Preliminary Repository Layout

Waste Ramp
Development
Access Ramp
Emplacement Emplacement Drifts
Exhaust Shaft East Development
Ghost Da Mai Intake
h\_"w%" aln — shaft

Exhaust Main

Expansion Area

- Solitarj
West Main ftario Canyon Fault RELAYOUT.CDR.124/10-14-97
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Key Features of Reference Design
for Viability Assessment:
Engineered Barrier/Emplacement Drift

e 55m - diameter drift
e 20cm concrete liner

 Waste Packages placed on mild steel
supports on concrete invert

 Waste Package spacing ~5m (point load)

* No backfill or drip shields
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Concrete Liner

BWR Waste Package

DHLW Waste Package

PWR Waste Package
Invert

Segment Invert Media

Pier ~ Waste Package ENGINEERED BARRIER SEGMENT
Support
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Key Features of Reference Design
for Viability Assessment: Waste Package

21-PWR or 44-BWR CSNF

5-HLW canisters co-disposed with DOE SNF
e 10cm mild steel outer barrier

2cm C-22 inner barrier

POSTCLOS.PPT.125.NWTRB/4-23-98 11



OUTER BARRIER LID
(A516)

N

INNER BARRIER
(ALLOY C-22)

\

INNER BARRIER LID

SIDE GUIDE (A516) (ALLOY C-22)

INTERLOCKING PLATES
(CUTAWAY VIEW)

(STAINLESS STEEL BORON) OUTER BARRIER

(A516)
INNER BARRIER LID
(ALLOY C-22)

OUTER BARRIER LID
(A516)

CORNER GUIDE
(A516)

CORNER STIFFENER (A516)
SIDE COVER (A516)
TUBE (A516)

21-PWR UCF
WASTE PACKAGE ASSEMBLY
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Information

Flow for TSPA-VA

%W\

Infiltratlon
Model

Effects of climate =
change precipitation

4

» Infiltration rate — to
Unsaturated Zone Flow

Infiltration rate Unsaturated
Water table elevation changes Zone Flow
with climate change
Ground Level to Water
Table 3D
Infiltration rate Thermal
Hydrogeologic properties Hyd rology
Percolation Flux
i } Seepage

Waste and

Package Models

v Ground Level

W

» Percolation flux /Z7%- — to Saturated Zone Flow & Transport

» Percolation flux 4277 — to Seepage

> Flow fields below repository — to Unsaturated Zone Flow and Transport
» Hydrogeologic properties — to Thermal Hydrology

» Mountain scale — Gas/air flow— to Near-Field Geochemical Environment
» Drift scale — Temperature, relative humidity/Z=%+ — to Waste and Package Models

» Dripping on waste packages — to Waste and Package Models

S \vI\vI

Outputs of some models
are averaged over
these six regions

/

L

Unsaturated Zone flow fields Unsaturated Zone

» Radionuclide mass flux at water table — to Saturated Zone Flow & Transport

Radionuclide /Mass

flux at repOsitory Transport

Repository to

ater Table 3D

5 / 2

Radionuclide mass flux at water table / /577
Percolation flux at water table

Ground water flux changes

6
/ N Y /e Water Table
Saturated Zone
Flow & Transport
with climate change Six 1D Flow tubes Concentration of radionuclides in
groundwater at 20 km downgradient } Bi osp here
Irrigation rate changes with climate change

/Z7 = 6 regions at repository level
LZT =6 regions at saturated zone level

» Dose to an exposed individual
= Performance Measure

20 km
Amargosa Valley

snl/trw abq08.eps
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Information Flow for TSPA-VA

Waste and
Package Models
Near-Field
Geochemical

Gas flux
Air mass fraction
Percolation flux

Drip/No drip Environment
Dripping flux
on packages
Temperature
Relative Humidity

Drip/No drip
Chemical Conditions

Chemical conditions
Temperature

Number of packages failed over time
Geochemical conditions
Temperature

Amount of radionuclides available
for mobilization over time

Geochemical conditions
Temperature
Dripping flux on waste packages

Size of package breaches

Liquid saturation in invert (from TH)
Dripping flux on waste packages

E = 6 regions at repository level

4
4
4
4

Waste Package
Degradation

Cladding

Waste Form
Degradation

Radionuclide
Mobilization

Engineered Barrier
System Transport

vy

-=7

» Chemical conditions on or in waste package — to Waste Package Degradation

— to Waste Form Mobilization
— to Radionuclide Mobilization

— to Waste Form Degradation
— to Engineered Barrier System
Transport

Waste package failure
Information over time

- Number of Eackages

- Size of package breaches

Surface of waste form exposed

Amount of radionuclides available — to Radionuclide Mobilization
for mobilization over time

Source term ) . ; )
Amount of radionuclides mobilized — to Engineered Barrier
(available for transport) over time System Transport

Radionuclide mass flux at repository — to Unsaturated
Zone Transport

snl/trw abg22.eps
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TSPA-VA Code Configuration

TOUGH?2
mountain-scale
thermohydrology

X g near-field

EQ3/6

INFIL

drift-scale
thermohydrolo

geochemical
environment

I

WAPDEG

T.RH >»|| waste-package

ITOUGH2

- UZ-flow + pyd{)g_‘_>
callbratlon

degradation

‘l:pip tpatch’ Aperf
il i

H, [CO.], |
'ngtJGI—:Z Q. > waste-form I CLAD_DEG
rift-scale " degradation, : cladding
UZ flow EBS transport degradation

L

luvn

Run within RIP

TOUGH?2
i g, S, ! FEHM
mountain-scale —»
UZ flow : UZ transport
|
¢q| ! M,
I
|
1
i Lszi | SZ_CONVOLUTE
SZ flow, > 71 ,
transport ! ranspor
1
l lci
|
1
1
GENII-S BDCF; ! RIP
Biosphere IP Dose calculation
1

OUTPUT Parameters
T Temperature
RH Relative humidity
S, Liquid saturation
Xa Air mass fraction
g Gas flux
a, Liquid flux
q; Infiltration flux
f Fraction of WPs with seeps
Q, Seep flow rate
pH pH

[CO,] Carbonate concentration

| lonic strength
Initial-pit-penetration time
Initial-patch-penetration time
Anperf  Perforated container area

Aqe  Exposed fuel area
M; Radionuclide mass flux
Ci Radionuclide concentration
tszi SZ transport time
BDCF; Biosphere dose conversion
factor
Final
Performance
Dose Measure
Time
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Conceptual Models of Hydrologic Processes

Crest Washes / Alluvium
More Infiltration - . .

; i Less Infiltration
Higher Precipitation $ET Lower Precipitation
Thinner Soil Evaporation Faster Runoff

Fractured Bedrock Run On/Runoff  Transpiration Thicker Soil

; Bedrock Deeper
Tiva Canyon EBPe.
Welded WWW\
Paintbrush TCw A) /
N o
-~

Nonwelded
Net Infiltration

Waste
Package

PTn

Drift Liner

Fractured
Host Rock

Repositor ;
300m Below S?{Jrface Seepage Into Drift

—300m Above Water Table

TSw
Topopah )\

Spring
Welded

= Groundwater seeps into drift
and is diverted around outside
of drift in fracture network.

Advection s==p

Calico Hills Imbibition v
Nonwelded

Fracture
Prow Pass
Welded
Bullfrog

Solitario Canyon Ghost Dance Fracture-Matrix
Fault Fault Interaction
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Precipitation Multiplier

Super Pluvial (SP) TSPA'VA FUtUI’e Cllmate

Long-Term Ave. (LTA)
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TSPA Base Case Climate History (Precipitation)

Use 3 climate states
— Present (dry)
— Long-Term Average
— Super Pluvial
« Assume instantaneous change between climate states
e Durations
— Present (5,000 yrs.)
— Long-Term Average (90,000 yrs.)
— Super Pluvial (10,000 yrs.)
 Timing
— Present (~ every 100,000 yrs.)
— Long-Term Average (~ 80% of time)
— Super Pluvial (~ every 300,000 yrs.)
« Magnitude
— Long-Term Average (2x Present Precipitation)
— Super Pluvial (3x Present Precipitation)
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TSPA-VA Base Case Infiltration History

<P>~7 mm/yr <LTA>~ 40 mml/yr <SP>~ 120 mm/yr

Nerthing [m]

Present Day Infiltration (Flint et al., 1996) Long T”“I‘ A““I’Q' (325 ’"r“‘:’" IJSIOS, 10/87) Super Pluvial {118 mmiyr: USGS, 10/97)
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TSPA-VA Base Case Infiltration History

 Present infiltration model (Flint and Hevesi)
calibrated to shallow neutron holes

o Infiltration model used to extrapolate the
effects of precipitation changes

 Infiltration changes non-linearly with
precipitation due to duration, intensity and
timing of precipitation

 Three discrete infiltration rates used as input
to UZ Flow Model
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TSPA-VA Base Case Unsaturated Zone Flow: Percolation Flux
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TSPA-VA Base Case
Unsaturated Zone Flow Model

« UZ Flow Model calibrated with matric
potential, temperature, chloride, CI-36,
perched zones, pneumatics

 Percolation flux varies spatially, but is
subdued reflection of infiltration

e Percolation at repository discretized into six
regions, ranging from

— 41to 11 mml/yr (present-day climate);
— 31 to 55 mml/yr (long-term average);
— 81 to 140 mm/yr (super pluvial)
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TSPA-VA Base Case Seepage:
Fraction of Waste Package with Seeps

Expected-Value Fraction of Packages with Seeps

CCregion

§ 0.6
Seepage fraction defines the )
probability of a seep intersecting =
a waste package 2 047 1

©

. 4

Seepage model considers 8 .
heterogeneous fracture network 5

c

je)
Conservatively assume all seeps S o B

. . . LL . T I 1 l

above Sp”ng Ilne can intersect 0 200,000 400,000 600,000 800,000 1,000,000

waste package

Long-Term Average mean fraction
of packages with seeps is ~0.3
(varies between six discrete
regions)

Uncertainty in seepage fraction
due to uncertainty in fracture
permeability and capillarity

1.0

Time (years)
95th percentile

Mean

09 | 5th percentile |
0.6 oo v
0.4
0.3 [ o
04 | A
0.0

Seepage fraction

100 10t 102 108

Percolation flux (mm/yr)
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TSPA-VA Base Case Seepage:. Seepage Flux

Seepage model fluxes compare
with ESF niche tests (about 1,000 -
10,000 x ambient flux)

Seepage flux determined by
adding fluxes from each individual
modeled seep which intersects a
waste package

Long-Term Average mean seepage
flux is ~ 0.2 m3/yr (varies between
six discrete regions)

Given ~ 30% of packages see
seeps (LTA) and average seepage
flux is ~0.2 m3/yr; ~ 1,000 m3/yr
seeps into drifts, which is ~ 1/200
or 0.5% of total percolation flux

across repository footprint

Seepage flux (m3/yr)

o
(V)

=
o

o
foe

o
o

©
~

o
o

Expected-Value Seepage Flux through a Package
CCregion

11

o

200,000 400,000 600,000 800,000 1,000,000
Time (years)

101

100 | o

Flow rate (m~3/yr)

104

100 101 102 108

Percolation flux (mm/yr)
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Thermal Hydrology in TSPA-VA

Ambient Zone
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Thermal Hydrology in TSPA-VA
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4=

¢ 4vvovdv v 4vvovdv b

~ =

Drlft WaII

<VU4

VVv‘><7v:\UDB DV v.<7>>l7:‘5<">v VL‘E

P estmg ool N=g o Yo d ool =ik S upo ol = dVv.V?,d.‘? 1ollo o= =~

=Rga

ght><xpv Vb.r'.

>~ =, vD JDBéDVVVDGVD gDBéDVVD v >JDDV " gDBéDV Vﬂ

-w'vVi%s{:\v o072 st mg p gl = = ~dmg gpo ol = =

~Ug Yl vRu=aguyg YV Heat Transfer Processes
; oo o0 Lo -WRadiantWConduction @Convection

Water Flow Process

mm) Advection

snl/trw abg-14.eps

POSTCLOS.PPT.125.NWTRB/4-23-98

26



TS PA _VA B a.S e CaS e Packagl—?orT]PgSI:aag.;teu\EgriabiIity

200

Thermal Hydrology ol

?g - /’\\
Thermal hydrology model used £ 0T 7 \
to predict single heater test and é 80 1 AN
drift-scale test results S 401
Principal results used are S o F—

temperature and relative
humidity on waste package
surface and saturation in invert Relative Humidity

. . . . Pack -to-Pack Variabilit
Redistribution of moisture ackage-to-Package Variability

Time (years)

< 1.0 T T
(modified fluxes) analogous to g v/
assuming Long-Term Average 2 /
percolation fluxes occur at 2,000 i;“ \ ///
- 3,000 years after emplacement § 0.4 _// \‘\\\\ J
Variability in T/RH response in ERTE S
six regions and for different g 00t
waste packages — variability is L 10 00 1000 10,000 100,000 1000000

Time (years)

minimal after ~ 1,000 years
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TSPA-VA Base-Case Near-Field Geochemical Environment

11.0

[Schematic, not design drawing]
10.0

Incoming Water

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

11.0
e 00 Reacted with Fe-oxides
L 90 _|
8.0
7.0 T T
0 20000 40000 60000 80000 100000
11.0 J
Note: Water reacted with O 100 Reacted with Concrete and Fe-oxides —
spent fuel has perturbed pH
only during active alteration T 90
of original UO,. This is
approximately 500-1000 8.0 1
years.
7.0 T
20000 40000 60000 80000 100000

[Revised 20-Apr-98, NFGErevO1lreslt.ppt]
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TSPA-VA Base Case Near Field
Geochemical Environment

Geochemistry in drift controlled by air mass fraction
determined from mountain-scale thermal hydrology

Discrete time windows used to evaluate batch
chemical equilibrium

Chemistry altered by presence of

— Concrete liner

— Steel

— Glass or spent fuel waste forms

Key geochemical parameters are

— pH (WP degradation, WF degradation, solubility
— CO; (WF degradation, solubility)

— | (colloid stability)
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Waste Package Degradation

) CAM Corrosion Products
Pits Penetrate and Mineral Precipitates
CRM CAM is Penetrated by Corrosion

Water Enters

Waste Package Crevice under CAM

Deep Pitin CRM

CAM Corroding CAM Penetrated by Corrosion

CRM Corroding

Crevice under CAM Corrosion
Products and Mineral
CAM Precipitates
Dripping Water
in Drift

CRM
Crevice Between
Breach CAM and Pitted CRM

CAM =0 Corrosion Allowance Material
O Outer Barrier

CRM =0 Corrosion Resistant Material
O Inner Barrier

snl/trw abq07.eps
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TSPA-VA Base Case Waste Package

Degradation: Initial “Failure”

“Failure” defined by initial pits
(mm?) or patch (100’s cm?) opening
through corrosion resistant
material

Primary degradation method is
corrosion

Possible early failures considered -
one waste package at 1,000 years
In base case

Rate of “failure” of waste packages
with seeps is ~2% / 10,000 years

Earliest corrosion “failures” are by
pits at ~ 3,000 years and by patches
at ~ 10,000 years

Waste packages without seeps do
not “fail” until several 100,000

years

1.0

TTTT

o
(o)
™7

| —— cAMm
r|——— 1st_Breach

1st Pit
1st Patch

o
o))
——

Fraction of Packages Failed
o
N

o
(N
———

o
o

H
(@]
N

10*

103

108

0.1 ¢

0.01

TTT

Fraction of Packages Failed

— CAM

——— 1st_Breach
1st Pit
1st Patch

1l 1 Lol 1 ool

0.001

102

103 104 10°
Time (yrs)
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TSPA-VA Base Case Waste Package
Degradation: Surface Area “Failed”

Percent of waste package surface
exposed used to define percent of
seepage flux which can enter
waste package

Regardless of where the first
breach occurs, seeps are assumed
to intersect the exposed openings

Seeps are allowed to infiltrate
package even if openings are pit
size and filled with corrosion
product

Due to larger area, patches are
more significant for EBS releases
of solubility — limited
radionuclides

1.0
0.9
é’o.s
T 0.7
& 0.6
o
5 0.5
504
© 0.3
®©
i 0.2
0.1
0.0

------ 10,000 years
—_— 50,000 years

100,000 years
—- 1,000,000 years

10

100 1000

e 10,000 years |1
—- 50,000 years |1

100,000 years |1
e 1,000,000 years |4

N
\.
N

. ~_ 1

10

100 1000
# of Patch Penetrations
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Waste Form Degradation

CAM Corrosion Products

Pits Penetrate and Mineral Precipitates
CRM CAM is Penetrated by Corrosion
Water Enters
Waste Package Crevice under CAM ’
A Deep Pitin CRM e Uranium Dioxide

> [ P - (UOZ) Fuel

T35 " -7 i

T T

b4 B ) L

::0:3: Ty ¥ - erca|0y
i L Cladding

Grain Boundary

Gap

Fuel Grain

Grain Boundary
Release

@— Zircaloy Cladding

Pellet
Interfacial Gap

snl/trw abg21.eps
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TSPA-VA Base Case Cladding Degradation

Cladding degradation defines
fraction of fuel exposed which

T T T T T T T

1]

could potentially be contacted by
water

Early degradation defined by
seep, premature failures and
stainless steel fraction (<2%)

Late degradation defined by
corrosion and mechanical failure
(mean ~10% @ 1,000,000 years)

Corrosion determined by scaling
Zircaloy corrosion to C-22
corrosion under similar
conditions (~100 x more corrosion coor T

o

Upper Fraction Other
—A—
_ Sum Upper /‘A/

—
Minimum Total /A

|
i
\

0.1

0.01

Fraction or Fuel Exposed
RN
T T TTTTT

|
[

_ Upper Fraction Corrosion /kA

resistant) T ! \ IS S B

As cladding degrades with time,
Increased fuel surface area is
potentially exposed to water

Time, Years (Absolute)
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TSPA-VA Base Case

Waste Form Degradation

Each waste type (CSNF,

HLW, DOE, SNF, Navy, Pu)
has a different degradation

rate

Degradation rates based on

laboratory observations

For CSNF specific surface
area of ~10* m?/g,

degradation is ~1,000 years

Assume that 100% of

exposed surface is contactec

by water
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TSPA-VA Base Case Radionuclide
Mobilization: Colloids

Consider natural (clay, iron oxide) and waste form
(glass, spent fuel) colloids

Colloid stability is a function of ionic strength
Consider Pu Colloids

Reversible colloids consider sorption / desorption
of Pu onto / off of colloids

Irreversible colloid fraction derived from
comparison with observations near Benham shot
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TSPA-VA Base Case Radionuclide
Mobilization: Solubility

Tc, I, C have very high solubilities - their
release is limited by the rate of release from
the waste form

Np solubility examined in far from equilibrium
conditions (either oversaturation in J-13) or in
presence of spent fuel

Np solubility range is 100 x lower than used
In TSPA-95; consistent with equilibrium
geochemistry model

U, Pa and Pu are also solubility limited
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TSPA-VA Base Case Radionuclide
Mobilization: Solubility

Comparison of Np Solubilities
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TSPA-VA Base Case Engineered
Barrier System Transport

Advection out of waste package controlled by the
seepage flux which enters the waste package

Seepage flux into waste package is a function of seepage
Into drifts and percent of waste package surface exposed
and a scaling factor (1-10) to account for uncertainty

Diffusion through waste package is a function of percent
of waste package surface exposed

Diffusion through invert is a function of liquid saturation
In invert which is high for assumed properties of
degraded invert

No retardation considered in degraded waste package or
Invert materials
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TSPA-VA Base Case Engineered Barrier
System Transport: EBS Release Rates

*Tc and ®'Np Release From EBS
100,000-yr Expected-Value Release-Rate History
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TSPA-VA Base Case Engineered

Barrier System Transport:
EBS Release Rates

Initial release of Tc caused by early waste package
fallure @ 1,000 years

Tc release reaches a plateau as the rate of waste
packages “failing” is ~ linear and the degradation,
mobilization and transport are relatively rapid

Tc release is variable reflecting waste package failure
distribution

Np release continually increases (until the changes back
to adry climate at ~95,000 years) due to adding the
releases from additional waste packages as they “fail”
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Unsaturated Zone Radionuclide Transport

Tiva Canyon

Paintbrush
Nonwelded

_’\

Topopah
Spring
Welded

Nonwelded .

Prow Pass
Welded

J

Calico Hills T

PTn

TSw

CHn

PPw

Bullfrog

Welded Units

TSw

Welded

TCw

|

1N

Topopah Spring
Welded, Vitric

Radionuclides
move through
fractures

Radionuclides
sorb onto
colloids

LS

A%
vvvvvv

Radionuclides
sorb to matrix

Calico Hills
Non Welded

« Natural Colloids
- Radionuclides

Unsaturated Zone
Radionuclide Transport Mechanisms

Fault

Hre

VT AN ISy Y BT\T SRR i @\V*.?*ﬁ‘vw\w =

ST 1% . Vo A A \- \/,// / \\ | 5
Yo 9= =d0 0 T REPOSUPRY, w0 v=o=tgvy
g o 2 e N

1y

- g

Topopah
Spring
Welded

TSw
Basal
Vitrophyre

@V T39Iz N\ vZagvp Tl
A CARNTL - S SN SRR AN AR =44
T GHnZ. S
R[S Zbﬂﬁhflzydﬁv4 Nz
I V%ivzvdvz v Y v wZVg
R X TN 'S \l PR SN
>:\‘>0‘;\de,’>¢&§$ $>D>ﬂdv < | XV.UDG\VD%J S<p oS ETY é>d
T/ ZeCIHn P E M [
o1 -v g B FROUNERL 2 oopae Do faors
R AP A DR S AR A SRR S A z

CHn

g

snl/trw abql7.eps

\A (= _ 4 = _ LA = _ A

POSTCLOS.PPT.125.NWTRB/4-23-98 42



TSPA-VA Base Case
Unsaturated Zone Transport
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TSPA-VA Base Case
Unsaturated Zone Transport

Present-day travel time of 50% arrival is ~ 10,000
years for unretarded species (Tc)

Present-day early arrival a result of small fraction
of fracture flow in non-welded Calico Hills
(or bypassing)

Long-term average climate travel times are <1,000
years to the water table for unretarded species

Sorption coefficients derived from laboratory data
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TSPA-VA Base Case Unsaturated Zone
Transport: Release Rates from the UZ to the SZ

 Release rates into six regions of the SZ

o Similarity with EBS release rates indicates
minimal travel time through UZ for
unretarded species

e Irregularities in Tc release rates correlate
with discrete waste package “failures”

« Reduction in release rates at 95,000 years
caused by change back to dry climate and
corresponding water table lowering
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Saturated Zone Radionuclide Transport
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Concentration (g/l)

Example TSPA-VA Base Case
Saturated Zone Transport
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TSPA-VA Base Case
Saturated Zone Transport

Use 3-D flow and transport model to define general flow
paths and rates and fraction of path in alluvium to 20km

Use six 1-D (stream tubes) model with no transverse
dispersivities

Use an effective dilution factor (ranging from 1-100)

Compare results of single stream tubes without dilution
to multiple stream tubes with dilution

Travel times in saturated zone range from a few 1,000
years for unretarded species (~Tc) to > 10,000 years for
slightly retarded species (~Np)

POSTCLOS.PPT.125.NWTRB/4-23-98 49



24170
557
1.4

7000

100,000-yr 2°’"Np Release Rate from UZ to SZ by Region

b SIE S S

[ — )

DM

0 I #ﬂ.m I I Ewm.‘ I s:‘m.m.l Ism;. L0 BT, 00
o0l LTMestl  clBTetl  -lodMesdl LTl 1257

236000l L

235000

Repository Outline

234000
233000
232000

231000

230000+

I
168000

T
170000 171000

Easting {m)

Iy
172000

Release Rate (Ci/yr)

10
102
103
104
10
10®

1077

237

Np Release From UZ

100,000-yr Expected-Value Release-Rate History

— Region 1
— - Region 2
— - Region 3
— — Region 4
— - Region 5

Region 6

0

20,000

40,000 60,000 80,000 100,000
TI me (yea.rS) RIP Version 5.19

April 8, 1998
caseOee5

POSTCLOS.PPT.125.NWTRB/4-23-98 50



Biosphere Processes in TSPA-VA
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10,000-yr Dose to “Average” Individual at 20 km
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100,000-yr Dose to “Average” Individual at 20 km

Base Case

100,000-yr Expected-Value Dose-Rate History
All Pathways, 20 km
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1,000,000-yr Dose to “Average” Individual at 20 km

Base Case

1,000,000-yr Expected-Value Dose-Rate History
All Pathways, 20 km
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TSPA-VA Base Case Results

Earliest doses (<10,000 years) are controlled by early
waste package “failure” (~ 1,000 years)

From 10,000 to ~50,000 years the doses are
controlled by Tc and | and mimic the shape of the
EBS release curves

For times >50,000 years Np controls the doses and
they continue to increase as (a) more waste
packages “fail” and (b) an increased % of the
cladding “fails”

“Maximum” dose at 10,000 years ~102mrem/yr
“Maximum” dose and 100,000 years ~5 mrem/yr
Rate down @ ~300,000 years ~300 mrem/yr
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Example Hand Calculation of Dose Rate
at 100,000 Years: Representative Values

Percolation Flux: ~0.04 m3/m?yr (=40mm/yr)
~ 2x10°m3/yr/repository
Seepage Flux: ~ 0.2 m3/yr/WP
WP “Failures”: ~ 20/1,000 years (dripping)
~ 1,000/50,000 years (dripping)
Np Solubility: ~0.3g/m3
WF Surface Exposed: ~ 2%
WF Dissolution Rate: ~ 103/yr
EBS Seepage Flux: ~0.006 m3/yr/WP (~ 3% of seepage flux)
SZ “Dilution” Factor: ~ 10
Biosphere Dose
Conversion Factor: ~ 5x108mrem/yr
g (Np) /m?®
~5X104mrem/yr

g (Tc)/m?3
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Example Hand Calculation of Dose Rates
at 100,000 Years for a
Solubility-Limited Radionuclide -Np

Np Half Life: 2,000,000 yrs
Np Inventory: 10 Ci/WP (~1.5x104g/WP)

EBS Release Rate: ~ 2x10-3 g/yr/WP (0.3 g/m23 x 0.006 m3/yr/WP)
~ 2 glyr/repository (2x10-3g/yr/WP x 1,000 WP)

UZ Concentration: ~ 10°g/m3 (2 g/yrirepository + 2x10°m3/yr/repository)
SZ Concentration: ~ 10%g/m23 (10->g/m3-+10)

Dose Rate: ~ 5 mrem/yr (106 g/m3x 5x106 Mremiyr

g/m3
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Summary

Presented conceptual models of processes
describing the behavior of the Yucca Mountain
repository system

Described the process model abstractions leading to
the base case results of TSPA-VA, illustrating the
significant components driving the TSPA-VA results

Conducted a simple back-of-the-envelope analysis
that supports the identification of the key components

Introduced future talks that will address uncertainty
analysis of the TSPA-VA and specific sensitivity
analyses of individual components
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Description of Significant Processes: Climate

Amount of precipitation is a function of:
« Timing and duration of climate change

e Global warming

 Modifications in global temperature and polar
Ice caps

« Changes in regional and local temperatures
and weather patterns
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Description of Significant Processes:
Infiltration

Rate of water which infiltrates i1s a function of:

« Duration, frequency, timing and magnitude of
precipitation events

o Solil thickness and properties

e Slope angle, roughness and orientation
 Vegetation type and amount

« Bedrock permeability
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Description of Significant Processes:

Unsaturated Zone Hydrology

Rate which water percolates at repository
horizon is a function of:

Net infiltration

Lithologic heterogeneity of
hydrostratigraphic units

Permeability of fractures and matrix
Capillarity of fractures and matrix

Imbibition of matrix
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Description of Significant Processes:
Seepage into Drifts

Amount of water which seeps is a function of:

 Percolation flux in fractures intersecting drifts and
permeability

o Capillarity and permeability of fractures around drifts

 Changes in percolation flux caused by thermal and
climate effects

 Heterogeneity and continuity of fractures around drifts

« Changes in fracture capillarity and permeability caused
by thermal mechanical and chemical effects
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Description of Significant Processes:
Thermal Hydrology in TSPA-VA

Amount of water in contact with waste packages
IS a function of:

« Thermal design of repository and waste packages
« Percolation flux in rock

« Thermal characteristics of rock

e Fracture characteristics of rock

o Matrix imbibition of rock mass

* Hydrologic characteristics of invert materials
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Description of Significant Processes:
Near Field Geochemical Environment

Chemical characteristics of water in contact with
waste packages and waste form is a function of:

* Initial water composition

e Gas phase evolution

 Water/rock interactions

 Water/waste package materials interactions

Water/waste form materials interactions

Water/invert/concrete interactions
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Description of Significant Processes:
Waste Package Degradation

Timing and extent of openings through waste
package are a function of:

« Thermal, hydrologic (esp. seeps) and
chemical environment on outer surface

e Corrosion rates of mild steel

« Thermal, hydrologic (esp. seeps) and
chemical environment of C-22 surface

e Variability in corrosion rates from location to
location on waste package

e Corrosion rates of C-22
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Description of Significant Processes:
Cladding Degradation

Timing and extent of openings through cladding
are a function of:

 Type of cladding (Stainless steel vs Zircaloy)
« Thermal environment in waste package

e Condition of Zircaloy during handling, transportation,
storage

 Creep characteristics of Zircaloy
e Corrosion of Zircaloy

 Mechanical degradation of Zircaloy
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Description of Significant Processes:
Waste Form Degradation

Rate of radionuclide release from waste
form to water is a function of:

e Characteristics of waste form

 Percent of waste form surface exposed and in
contact with water

« Chemistry of water in contact with waste form

 Presence of secondary phases that form
during dissolution
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Description of Significant Processes:
Radionuclide Mobilization

Concentration of radionuclides available for
release from waste form is a function of:

« Chemistry and amount of water in contact with
waste form

 Presence of secondary phases that form
during dissolution

 Concentration of colloidal particles

e Radionuclide solubilities
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Description of Significant Processes:
Engineered Barrier System Transport

Concentration of radionuclides released from
EBS is a function of:

e Seepage into drifts, seepage into degraded
waste packages and seepage contacting
exposed waste form surfaces

o Diffusion through waste package openings
and partially saturated invert materials

 Adsorption onto degraded waste package and
iInvert materials
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Description of Significant Processes:
Unsaturated Zone Transport

Concentration of radionuclides released
from UZ is a function of:

e Concentration of radionuclides released
from EBS

e Percolation flux distribution in fractures
and matrix

 Adsorption onto fracture surfaces or in
matrix

 Diffusion between fractures and matrix
 Radioactive decay
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Description of Significant Processes:

Saturated Zone Transport

Concentration of radionuclides released from SZ is a
function of:

Concentration of radionuclides released from UZ

Advective velocity of ground water in tuff and
alluvial aquifers

Adsorption in tuff matrix and on alluvial sediments
Length of travel path in tuff and alluvial aquifers

Transverse dispersivity in tuff and alluvial aquifers
(= dilution)

Water extraction scenarios
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Description of Significant Processes:
Biosphere

Dose rate for potential receptors is a
function of:

e Concentration of radionuclides released
from SZ

 Water use and consumption habits of
receptors

* Principal pathway of radionuclides from
water use to receptors

e Dose conversion factors
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