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TSPA-VA Model Components

« Major model components
are related to the attributes
of the repository safety
strategy and NRC’s key
technical issues

 Natural and engineered
barriers comprise the total
system

« Each major component
requires an explicit model
to represent the relevant
processes




TSPA-VA Model Components

Attributes of the
Repository Safety Strategy

Principal Factors

TSPA Model Components

NRC Key Technical Issue

Limited water contacting
waste packages

Precipitation and infiltration of water into the mountain

Climate

Infiltration

Percolation to depth

Unsaturated Zone Flow

Seepage into drifts

Seepage

Unsaturated and saturated
flow under isothermal
conditions

Effects of heat and excavation on flow

Dripping onto waste package

Humidity and temperature at waste package

Thermal Hydrology

Repository design and
thermal-mechanical effects

Thermal effects on flow

Long waste package lifetime

Chemistry on waste package barrier

Near Field Geochemical Environment

Evolution of Near Field Environment

Integrity of outer waste package barrier

Integrity of inner waste package barrier

Slow release from waste packages

Seepage into water package

Waste Package Degradation

Integrity of spent fuel cladding

Cladding Degradation

Dissolution of UO, and glass waste-form

Waste Form Degradation

Solubility of Np-237

Formation of radionuclide-bearing colloids

Transport within and out of waste package

Radionuclide Mobilization
and EBS Transport

Container life and
source term

Radionuclide concentration reduction
during transport

Transport through unsaturated zone

Unsaturated Zone Transport

Transport in saturated zone

Dilution from pumping

Saturated Zone Transport

Biosphere dilution

Biosphere Transport

Unsaturated and
saturated flow under
isothermal conditions and
Radionuclide transport




TSPA-VA - Basic Elements of the
Reference Repository Design

\ Boiling Water
Reactor (BWR)

Waste Package

* Co-Disposal Five High
Level Waste (HLW)
e Waste Packages
- Pressurized Water ~ with One DOE Spent
Reactor (PWR) Nuclear Fuel (DSNF)
Waste Package

Cutaway of a Drift with
Three Representative Waste Package Types

70,000 MTHM
85 MTHM/acre

5.5-m drifts with 0.2-m
concrete liner

No backfill or drip shields



TSPA-VA - Basic Elements of the
Reference Waste Package Design

Spent Nuclear Fuel
Uncanistered
Waste Package

Spent Nuclear Fuel
Canistered

S
Waste Package

High-Level Waste
Waste Package

21-PWR, 44-BWR,
5 HLW canisters
with DOE SNF

10-cm carbon
steel

2-cm C-22 inner
barrier (corrosion
resistant material)



TSPA-VA - Basic Elements of the
Reference Waste Form Designs

Waste Form Inventory Abstraction

Commercial Spent High Level Waste Defense Spent

Nuclear Fuel Nuclear Fl:e' ° 63 : OOO MT H M CS N F

o

A a
Laborato

— 99% with Zircaloy Clad
e 4,667 MTHM HLW
e 2,333 MTHM DOE SNF
v — 2,100 MTHM N-reactor

Sixteen

— 65 MTHM Navy fuel

e 50 MTHM Pu - MOX and/or
ceramic

River

Blended BWR /| PWR Blended High Level Waste
21 PWR Package 5-Pack Spent Nuclear Fuel
63,000 MTHM 4,667 MTHM 2,333 MTHM

MTHM = Metric Tons Heavy Metal

| %2 12PWR 10.48 kW 1 Co-Disposal 12 Direct-Disposal
i 1 21PWR 2.91 kW 4.06 kW 0.73 kW

1 21PWR 17.85 kW

2x 44 PWR 6.44 kW

Inventory Abstraction for Thermal Hydrology Drift-Scale Model

(One Drift Segment. See Section 3.2 for Explanation)



TSPA-VA Model Components - Limited
Water Contacting Waste Package

Thermal
Hydrology
ountain

Unsaturated
Zone Flow

Section
A
1]

|.!:‘ 3 t !

Key Attributes of Repository Safety Strategy

Limited Water Contacting
Waste Package

Components that
affect the availability
and timing of water
flow into drifts

All natural
hydrologic
processes are
spatially and
temporally variable



Conceptual Model of Unsaturated Zone Flow

Crest
More Infiltration i A
Higher Precipitation Less Infiltration

ET s
Thinner Soil Evaporation Lovgggzt;egﬁlrllgaftfmn
Fractured Bedrock Run On/Runoff  Transpiration Thicker Soil
Tiva Canyon M x Bedrock Deeper
Welded

Washes / Alluvium

Paintbrush y . @ ey
Nonwelded / -

il L — Rediﬁ'tgibutionw— o )
Percolation X y oil
Net Infiltration 4 Drainage

1

\ \ Reposito y
; \ |~ 300m Below Surface
opopah Spring | ]
Welded /)

Calico Hills
Nonwelded

|
|
|

|

|

|
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1
1

|

|

I

|

|

/ / \ N
/ \ e
\ o
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\
Crater Flat
Undifferentiated )

Solitario Canyon | | Ghost Dance
Fault | : \ Fault
|

| \
I b Waste
Advection s==p 1 =
\ " 17 XR Drift Liner
Matrix 7 \ ‘ ‘ Fractured
Host Rock

Fracture Seepage Into Drift

Groundwater seeps into drift
Fracture-Matrix or is diverted around outside
Interaction of drift in fracture network.

Precipitation at surface
has short (annual) and

long (geologic) transients

Precipitation and
Infiltration are greater at
higher elevations

Infiltration is greatest
with thin soil cover

Percolation is

predominantly gravity
driven and in fractures

Seepage is a function of
percolation and fracture
permeability and
capillarity
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TSPA-VA Base Case Climate History

TSPA-VA Future Climate ) .
3.0  Present-day climate is

dry compared to the
long-term average
climate at Yucca
Mountain

Super Pluvial (SP)

|

Long-Term Ave. (LTA)
2.0

Present (Dry)

S
2
o
E
=
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* Long-term average
climate about a factor of
2 times wetter and
000 200000 400,000 600,000 800,000 1,000,000 Super-pluvial climate
Time (years) about a factor of 3 times
more precipitation

Super Pluvial (SP) TSPA-VA Future Climate
= 3.0

« Timing of change to
oy long-term average

climate is very uncertain
T 10 - assumed to be random
In next 10,000 years

Precipitation Multiplier

20,000 40,000 60,000 80,000 100,000
Time (years)
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TSPA-VA Base Case Infiltration History

<P>~7mm <SP> ~ 120 mmiyr s 190 mm) Present-day infiltration
~ ‘ ~ 120 mm/yr -
Super Pluvial (118 mmiyr: USGS, 10/97) y derived from

Sm————— observations at
neutron holes and
extrapolated using
correlations with soil
thickness (Flint et al.)

239000
238000

237000

| Infiltration higher at
235000 1 TS ridge crests (more

[ o | precipitation and less
soil cover)

235000

Long-term average

and super pluvial

233000 - Tab ot i infiltrations derived

vial (SP) from same

232000 - ? extrapolation as used
' TR for present-day

1g-Term Avg infiltration map

“A)

sent or

/ (P)

Northing [m]

Infiltration is a non-
linear function of
precipitation

230000

T \ \ \
168000168000 170000171000 172000173000

Easting [m]




TSPA-VA Base Case Percolation Flux

Mean: 9.2 mm/yr

Frequency

o <
=
o

Frequency
o o

e

o

Frequency
o o o
o B
a

v IIIIIlI i
5 10 15 20

0
Present-Day Percolation Flux (mm/yr)

Repository Horizon
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Easting (m)
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0 20 40 60 80>90
Percolation Flux (mm/year)

20 40 60 80

Percolation Flux (mm/year)

Freguency

Frequency

0.
! ||IIIIII-I- /
0 5 10

Mean: 3.9 mm/yr

15 20
Present-Day Percolation Flux (mm/yr)

-.|||I|||||II.-
0 5 10 15 20

Present-Day Percolation Flux (mm/yr)

Mean: 5.0 mm/yr

Present-day
percolation flux is
illustrated

Repository block has
been discretized into
6 regions to capture
thermal-hydrologic
variability

Percolation is
dominantly vertical
above repository
(minimal lateral
diversion)

Percolation has been
bounded with a
number of
independent
observations
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wiith Caane

Cranrntinn nfDanrlranoc

Seepage flux (m3/yr)

1.0

0.8

0.6

0.4

0.2

0.0

TSPA-VA Base Case Seepage

Expected-Value Seepage Flux through a Package

CC region
T
0 200,000 400,000 600,000 800,000 1,000,000

Time (years)

Seepage fraction
(=fraction of
packages likely to
encounter seeps) and
seepage amount are
a function of
percolation flux and
fracture properties

For long term
average climate,
about 30% of the
waste packages are
assumed to
encounter seeps,
with an average flow
rate per seep of
about 300 l/yr

Both seepage
fraction and seepage
amount are very
uncertain




Conceptual Model of Thermal Hydrology

— Water Vapor Moving
Qutward from Drift Area|

Initially water boils
and is driven away
from drifts as vapor
in fractures

Water can
condense above
and between drifts

Water is pulled back
Into matrix by
matrix imbibition

Size and duration of
“dry-out” zone
depends on design,
rock properties and
ambient percolation
flux

15



TSPA-VA Base Case Thermal Hydrology

« Thermal hydrologic

: - response varies for
Relative Humidity different packages

Package-to-Package Variability (NE Region) with different
——— o thermal output

—
o

« Thermal hydrologic
response varies with
space due to
different percolation
fluxes

o
o)

o
o

o
N
[ ]

Responses match
observed responses
in single-heater test

o
N

 Relative humidity
exceeds threshold
100 1000 10,000 100,000 1,000,000 for humid air
Ti corrosion of mild
Ime (years) steel after a few 100
years
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TSPA-VA Model Components -
Long Waste Package Life Time

Thermal
ydrology

. 1
rift Cross \¥ ||
Section g
'-.'i 1r|I:|

Near-Fi
Geoche al
Enwrnnment

Waste
Package
Degrada ion

Key Attributes of Repository Safety Strategy

O Long Waste Package Life Time [esae [ A2

Thermal, hydrologic,
and chemical
environments affect
waste package
degradation

These environments
change with time
(especially over the
first 1,000 - 10,000
years) and space

17



Conceptual Model of Near Field
Geochemical Environment

~500 Years D 10,000 Years

(A)

Time Frame 2

Mineral Precipitates
(Salts, Carbonates, Silicates)

Water and gas composition
entering drift

Gas in Fracture

Mainly H,O

Water in Fracture
with Colloids (Clays)

™ Calcite

Boiling or hot water reacts with gas
and tuff minerals. Na*, HCQOj3 primarily
at ~10X ambient concentration.

Mineral Crust on

Gas Inside <
Drift

Gas Inside
Package

Package Surface

Reaction of water and
gas with iron corrosion
_caon _Products
Stee!
(Iron) Adds Fe*? and iron-oxyhydroxide
colloids to water.

Corrosion
Products
(Iron Oxides)

\
Water Inside Package
with Colloids (Clays +

Iron-Oxyhydroxides)

Qutside of
_ Waste Package

Pit with
. Corrosion
~ [Products

® "\

Carb
Steel (Iron)

Water Gains
,High pH from
Concrete

Reaction of water

and gas with concrete

Results in high pH water, with
increased Ca*2, SO42 and
dissolved silica

Concrete from Drift Liner
Partially Carbonated
(Calcite) and Water
Saturated

Reaction of water
and gas with spent fuel

Lowers pH, Ca*2, and dissolved
silica until fuel is completely altered.

\ Adds UQO3*2.
Fuel (UO: altering to” Cladding
Secondary Phases)

Temporal evolution
of geochemical
environment
depends on series of
reactions of water
with rock and
emplaced materials

pH of water entering
drift depends on
degradation of
concrete liner

18



TSPA-VA Base Case Near Field

Geochemical Environment

Geochemistry in
drift controlled by
']L air mass fraction

o ————— \ Water reacts with
10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

o

g 1.0E-02 |ncoming water Concrete, Steel and
g LS that has reacted

5] 4 with corrosion waste forms

& Lo e products.

0

Key geochemical
20(;00 40;)00 60(’)00 80‘000 100000 / p a.r a.m et e rS W h I C h

affect waste

g e ], package and waste
form degradation,
£ oo radionuclide

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

solubility and
;;i:ﬂi:ﬁi;,l /\ colloid stability

235000

234500 " ? 10E-05 -
€ 2o § e\ & LoE0s | Ambient Q Composition - P H
£ gy ysc 1.0E-07 |
2 233500 B | 5:5‘/ 1.0E-08 - - - - - - -
w3000 WO | 0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 — C03
232500
B - Time, years -
e i 2 r Y — lonic strength
231500 . k I
169600 170400 171200 172000

Easting (m)



Conceptual Model of
Waste Package Degradation

Carbon Steel
Corrosion Products
and Mineral Precipitates

Crevice under
Carbon Steel

T —

X-Section View

Carbon Steel
Corroding

o (under area without drips)

Steel Carbon Steel

Corroding
(under area with drips)

Crevice under Carbon Steel
Corrosion Products and
Mineral Precipitates

Dripping
Water in Drift

Crevice between
Carbon Steel and Pitted C-22
filled with Water

Profile View

Mild steel outer layer corrodes
by humid air or aqueous
corrosion

Mild steel corrosion rate
derived from analog materials
and literature data

C-22 inner layer is very
corrosion resistant and
generally requires liquid water
to corrode

C-22 corrosion rate is
dependent on chemistry of
water in crevice between mild
steel and C-22

C-22 corrosion rate derived
form expert elicitation based

on laboratory data

20



TSPA-VA Base Case Waste Package
Degradation

Area Failed by Corrosion

Patch area per package
—— Pit area per package

Fraction of Packages Failed
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TSPA-VA Model Components -
Slow Release From Waste Package

« Thermal, hydrologic and
: chemical environment

ft Cros 9

Section - affect:

Ia__:_.i"':“}
fifama:

— Cladding degradation

Waste Form — Waste form
Degradation )
degradation

— Radionuclide
mobilization

— EBS transport

Key Alln'utes of Repository Safety Strategy

s  Release is spatially and
Slow Release From 2 i 2 .-‘. tem pora”y Varlable and
Waste Package : ol i

: ' uncertain
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Conceptual Model of
Waste Form Degradation

Cladding provides the next
barrier minimizing the
contact of water with the
spent fuel

Some cladding is degraded at
emplacement or rapidly when
water contacts the cladding

Most of the Zircaloy cladding
Is intact for long periods of
time

The exposed waste form
degrades in a few 1000 years,
although it can be altered to a
number of secondary phases,
Immobilizing most actinides
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TSPA-VA Base Case
Cladding Degradation

Upper limit of
cladding
failure

Corrosion
degradation

Mechanical
degradation

°©
Q
(%2)
o
o
x
Ll
Q
>
LL
Y—
o
c
o
=
Q
@®©
—_
LL

Lower limit
of cladding
failure

-1
Stainless steel cladding

le+5
Time, Years (Absolute)

Cladding degrades by
creep rupture if
exposed to high
enough temperature

Cladding can undergo
mechanical
degradation once the
waste package has
failed

Cladding can corrode
but at a rate lower
than C-22

Cladding degradation
rate is uncertain

24



Conceptual Model of Mobilization and
Transport Through the Engineered Barriers

F’ Cladding

Water with
Radionuclides

Degraded Fuel
Elements

Release of mobile (high solubility)
radionuclides (e.g., Tc-99 and 1-129)
requires only continuous water film

Release of solubility-limited
radionuclides (e.g., Np-237) and
colloids (e.g., Pu-242) requires
advective flux of water through
waste package

Release rate of mobile radionuclides
controlled by the rate at which
waste forms are exposed and
available for release

Release rate of less mobile
radionuclides controlled by
cumulative amount of inventory
exposed and available for release

25



Dissolution rate (g/mZ.yr)
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TSPA-VA Base Case
Waste Form Degradation

—— pH=7.0
— - pH=9.0
— - pH=11.0

At[CO,* It = 0.002 M

40 60
Temperature (°C)

— [CO, Ir=0.01 M
— [CO,” ]r=0.001 M

— [CO,” ]r=0.00001 M

AtpH =8.0

60
Temperature (°C)

80

80

Each waste form has a
different degradation rate

Degradation rates based on
laboratory observations

For CSNF area of ~10*
m?/g, degradation occurs in
~1,000 years

Actual concentration
depends on radionuclide
solubility
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TSPA-VA Model Components - Low
Concentration of Radionuclides in Groundwater

Key Attributes of Repository Safety Strategy

Low Concentration of
Radionuclides In Groundwater

Unsaturated

Zone Flow
and Transport ngrtrgrlgfgsu

'L and Transport

Biosphere

Mass of
radionuclides
released from
engineered barriers
mixes with water in
unsaturated zone

Radionuclides
travel through the
unsaturated tuffs
about 300 m to the
water table and
then 20 km
downgradient to a
hypothetical well
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Conceptual Model of Unsaturated Zone Transport

Topopah Spring |
Welded (TSw)

Topopah Spring
Welded, Vitric (TSw)

Calico Hills
Nonwelded
(CHn)

Water
Table

Crater Flat
Undifferentiated (CFu)

Welded Units

Radionuclides move
through fractures

Radionuclides sorb
onto colloids that
move in fracture flow

%% Radionuclides

TSw
Basal
Vitrophyre
Nonwelded Units

Radionuclides invade
matrix pore space

Flow and transport in
welded units is
dominated by
fractures

Flow and transport in
non-welded units is
dominated by matrix

Sorption of some
radionuclides is
Increased in zeolites

Vertical downward
flux can be diverted
In presence of
perched water zones
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TSPA-VA Base Case
Unsaturated Zone Transport

kgplt.Qb.Tc.cum

Simulation Qb

at Water Table (moles)

Basis: 1 mole released
from repository att =0
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0% 10* 10° 100' 10° 10° 10* 10°
Time Since Instantaneous Release (years)

Present day climate
advective travel time
for unretarded
species (e.g., Tc-99
and [-129) is a few
1000 years

Present day climate
advective travel time
for slightly retarded
species (e.g., Np-237)
Is about 10,000 years

Long-term average
climate travel time
for unretarded
species is a few 100
years and for
retarded species is a
few 1000 years
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Conceptual Model of Saturated Zone Transport

Yucca Mountain

1 m scale

Fractured Medium
— Smaller effective porosity,
Sorption  winera Shorter groundwater
travel time

) A dvection v
waaa  Dispersion @
Junune  Matrix Diffusion

Water Table

Radionuclides

Amargosa Valley

N\
1000 m scale \\

Large-scale, Vertical
Larger effective porosity, Transverse

Longer groundwater Dispersion
travel time (dilution)

it

Porous Medium

Advective
dispersive mixing in
saturated zone
assumed minimal

Degree of effective
dilution to 20 km
derived from expert
elicitation for non-
coalescing plumes

Simulated transport
In 6 representative
stream tubes

Transport in
alluvium can delay
some radionuclides
due to adsorption
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Regional Groundwater Flow Regime
In the Vicinity of Yucca Mountain

20 KILOMETERS

Flow IS to southeast and
then south

20 km well approximately
at NTS fence line or
Lathrop Wells

Ultimate groundwater
discharge at Franklin Lake
Playa or Death Valley
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TSPA-VA Base Case
Saturated Zone Transport

Dilution from « Used 6 streamtubes in the saturated
transverse dispersion zone to develop convolution integrals
of expected arrival of mass released
from unsaturated zone to 20 km

Vertical tranverse dispersivity (m)
016 02 24 55 10 e Dilution in saturated zone determined
N from expert elicitation with
conservative assumption of mixing
between individual stream tubes

Dilution from
transverse dispersion

———————— ———————— ———————— ———————— ———————— ———————— ———————— Vertical tranverse dispersivity (m)
0.16 082 24 55 10 14

Probability

0 10 20 30 40 50 60 70 80 90 100 110
Dilution Factor

\\\\\\

0 10 20 30 40 50 60 70 80 90 100 110
Dilution Factor
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Conceptual Model of Biosphere

External _

Radiation

Inhalation Dose g
Ingestion Dose
]
Crop E
Concentration .

'S ?7 _7"!\... '
Lifa) b
A i Livestock

Concentration ™
Cro,

Re-Suspension Uptake

* copcSail & |Drinking
oncentration :
(Irrigation) / Livestock ell Water

S

Watering

snlfirw abg16.eps

Re-Suspension
(Dust)

o~

Consider all
potential
biosphere
pathways

Use ICRP-30 for
dose calculation

Use demographic
site survey for
water use and
food consumption
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TSPA-VA Base Case Results
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.




TSPA-VA Base Case Results - Assumed
Premature Waste Package Failure
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 35



TSPA-VA Base Case Results - 10,000 Years

1hAhner Nose Rate

10,000-yr Dose Rate

—— Total
“T1c

Dose Rate (mrem/yr)

M- /‘/\(\ e E
2,000 4,000 6,000 8,000 10,000

Time (years)

10° |
10-3%. R Af

e

4,000 6
Time (yea

“Expected” value dose rate <0

Tc and | releases controlled b
failure

Initially, seepage into pits thro

Climate change at 5,000 years
(dilution) and raises water tabl

No. of Packages Failed

9T~ Release From WP

No. of Packages Failed

2,000 4,000 6,000 8,000 10,000
Time (years)

Time (years)

These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.




TSPA-VA Base Case Results - 100,000 Years

Thn nnne- Nose Rate
100,000-yr Dose Rate
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings



TSPA-VA Base Case Results - 1,000,000 Years
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.




Sensitivity and Uncertainty Analyses

Attributes of
the Repository
Safety Strategy

for TSPA-VA

Principal Factors

Heterogeneity/
Variability in
Base Case

Uncertainty
Addressed in
Base Case
(Chapter 4.3)

Uncertainty
Addressed in
Comparative

Analyses (Chapter 5)

Limited water
contacting
waste packages

Precipitation and infiltration of water
into the mountain

v

v

v

Percolation to depth

v

v

Seepage into drifts

v

Effects of heat and excavation on
flow

Dripping onto waste package

Humidity and temperature at waste
package

Long waste
package lifetime

Chemistry on waste package

Integrity of outer waste package
barrier

Integrity of inner waste package
barrier

Low rate of release
of radionuclides
from breached
waste packages

Seepage into waste package

Integrity of spent fuel cladding

Dissolution of UO, and glass waste-form

Solubility of Np-237

Formation of radionuclide-bearing
colloids

Transport within and out of waste
package

Radionuclide
concentration
reduction during
transport from the
waste packages

Transport through unsaturated zone

Transport in saturated zone

Dilution from pumping

Biosphere transport uptake




TSPA-VA Sensitivity Analyses - Infiltration Rate
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings 40



TSPA-VA Sensitivity Analyses - Seepage

10° 10,000-yr Dose Rate

e Seepage fraction and
seepage amount are
uncertain functions of :
percolation NI D i S '-

Tim

Dose Rate (mrem/yr)

« Causes several orders of
magnitude effect on dose for
95% ile. No seepage yields
very slow corrosion of C-22
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 41



TSPA-VA Sensitivity Analyses -
C-22 Degradation Rate

10,000-yr Dose Rate
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. o 40(#%1)2 (V22?§§)OO D DA

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings
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TSPA-VA Sensitivity Analyses
- Cladding Degradation

10,000-yr Dose Rate
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 43



TSPA-VA Sensitivity Analyses - Np Solubility

 Np solubility spans
several orders of
maghnitude

Dose Rate (mrem/yr)

o Attimes <50,000 years,
Tc doses dominate

e Causes ~ 10 x greater or
less dose over 100,000
years

Dose Rate (mrem/yr)

o At late time Np doses
controlled by cumulative
Inventory exposed and
advective flux

These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.
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TSPA-VA Sensitivity Analyses -
Saturated Zone Dilution

10,000-yr Dose Rate
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 45



TSPA-VA Sensitivity Analyses -
Dose Conversion Factor
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 46



TSPA-VA Uncertainty Analysis

e Run TSPA-VA base case model in a Monte-Carlo
fashion, sampling from all uncertain parameters

simultaneously

— Conduct analyses over 10,000; 100,000; 1,000,000
years

« Examine suite of results
— Scatter plots
— Regression analyses
— Contributors to variance

e Assist in identifying significance of principal
factors in repository safety strategy
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TSPA-VA Uncertainty Analysis and

Principal Factors - 10,000 Years

or the Base Case
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These results are modeI speC|f|c and may be |nsuff|C|ent for future adjud|catory licensing proceedlngs




TSPA-VA Uncertainty Analysis and

Principal Factors - 100,000 Years

“the Base Case
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.




TSPA-VA Uncertainty Analysis and

Principal Factors - 1,000,000 Years
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.



Base Case CCDFs of Peak Dose Rate

B
o
o

| | Médian -8
_ é Median = 01 M§an = 2500
" Median = 0,002 Mean =39,
Mean = 0.1 |

_1 _:_ ......................

=
o

(| — 10,000-year period
- 100,000-year period
1,000,000-year period
L1l L1 R B EEEIT

=
o
N

>
=
E
(qe]
O
o
| -
o
()
>
=
s
-
-
>
(&)
>
| -
(qv]
i
c
((b)
-
2L
o
=
@)
@)

Peak individual dose rate (mrem/yr)

These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30.
These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.




Significance of Uncertainty in Principal Factors
on Post Closure System Performance

Attributes of the
Repository Safety
Strategy

Principal Factors

Significance to
10,000 Years

Significance from
10,000 to 100,000 Years

Significance from

100,000 to 1,000,000 Years

Limited Water
contacting
waste packages

Precipitation and infiltration of
water into the mountain

Percolation to depth

Seepage into drifts

Effects of heat and
excavation on flow

Dripping onto waste package

Humidity and temperature
at waste package

Long waste
package lifetime

Chemistry on waste package

Integrity of outer
waste package barrier

Integrity of inner
waste package barrier

Low rate of release
of radionuclides
from breached
waste packages

Seepage into waste package

Integrity of spent fuel cladding

Dissolution of UO.
and glass waste-form

Solubility of Np-237

Formation of radionuclide-bearing
colloids

Transport within and
out of waste package

Radionuclide
concentration
reduction during
transportation from
the waste packages

Transport through unsaturated zone

Transport in saturated zone

Dilution from pumping

Biosphere transport uptake




Significance of Uncertainty in Principal Factors
on Post Closure Performance - Legend

Significance defined by using sensitivity/uncertianty
analyses

« H =High significance = Uncertainty in principal
factor can lead to > 100 time increase or decrease in
peak dose rate from mean value

« M= Medium significance = Uncertainty in principal
factor can lead to 10 to 100 time increase or
decrease in peak dose rate from mean value

« L =Low significance = Uncertainty in principal factor
can lead to < 10 time increase or decrease in peak
dose rate from mean value
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TSPA-VA Design Option
Sensitivity Analyses

Uncertainty in performance assessments can be
reduced by conducting additional scientific
Investigations or adding features to enhance design

Two design options have been investigated in VA
— Drip shield placed over waste package
— Ceramic coating on waste package

Additional design alternatives have been investigated
In the draft EIS (Dixon/Morton briefings)

Additional desigh enhancements have been
Identified and qualitatively evaluated in VA
(Baily/VVoegele briefings)
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TSPA-VA Design Option Analyses -
C-22 Drip Shield
e 2-cm C-22 drip shield
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings.
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SPA-VA Design Option Analyses -
Ceramic Coating

« Ceramic coating protects
underlying mild steel from
humid air or agueous corrosion
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These analyses represent an all pathways individual dose rate at 20 kilometers using ICRP-30. Time (years)

These results are model-specific and may be insufficient for future adjudicatory licensing proceedings. 56



Summary and Conclusions

« “Expected” behavior of Yucca Mountain VA
Reference Design

— < 0.1 mrem/yr to 10,000 years
— <10 mrem/yr to 100,000 years
— <300 mrem/yr to 1,000,000 years

e Uncertainty in “expected” behavior
— ~0to 10 mrem/yr to 10,000 years
— ~0to 1,000 mrem/yr to 100,000 years
— ~0.01 to 3,000 mrem/yr to 1,000,000 years

e Significant factors affecting performance
Include

— degradation rate of waste package
— seepage into drifts
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Performance Allocation for
Principal Factors and Design Options

Repository Potential Importance
System Principal Factors and Design Options to Postclosure

Attributes Performance

Limited Water Precipitation and infiltration of water into the mountain
contacting
waste packages

Percolation to depth

Seepage into drifts

Effects of heat and excavation on flow

Dripping onto waste package

Humidity and temperature at waste package

Water diversion by drip shield + backsfill

Long waste Chemistry of water on waste package
package lifetime

Integrity of outer carbon steel waste package barrier

Integrity of inner corrosion-resistant waste package barrier

Ceramic waste package coating

= i e i - = e i (= = = [ il -

Low rate of release Seepage into waste package
of radionuclides

from breached Integrity of spent fuel cladding
waste packages

Dissolution of uranium oxide and glass waste forms

Neptunium solubility

Formation of radionuclide-bearing colloids

O - - - i

Transport through and out of waste package

Radionuclide Transport through unsaturated zone
concentration
reduction during Transport in saturated zone
transport from
the waste packages | Dilution from pumping

Biosphere dilution
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