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PROJECT OBJECTIVE

Identify and assess model/parameter uncertainties
associated with key aspects of unsaturated zone flow
system at Yucca Mountain (YM) which affect
J/ ambient percolation flux through repository
horizon (primary goal);
/ seepageinto open repository (secondary goal).

METHODOLOGY

Individual assessmeints by seven experts based on

@® Workshaps on
/ Significant issues and available data:

/ Alternative models and interpretations:

v/ Preliminary expert assessments.

YM Field Trip.

Supporting literature and copies of overheads.
Elicitation inferview.

Review/revision of written elicitation summary.

Opportunity for
/  Intergction among e€Xperts and presentars:
/  Revisions based on all expert opinions:
without attempt (0 GENCTHE CORSERSUS.



INTRODUCTORY OBSERVATIONS

No precedence for assessing unsaturated tlow
under comparable rock/climate conditions on
comparable space-time scales.

Rich generic knowledge which. with proper site
data. should allow one to make intelligent
inferences about subsurface flow at YM.

To be credible. such inferences should be based
on theories/models supported by, and compatible
with. experimental and site data.

Among the better understood processes of

relevance to YM is heat flow.

¥ Enough/reliable data (temperature, heat flux.
conductivity) could yield credible estimates
of moisture flux on various spatial scales.

© Available data may not be of sufficient
quantity/quality for this purpose. More on
this later.



® Among the least understood processes is the

transformation of precipitation (rain/snow) tnto

deep percolation below the root zone.

® Assessments to date based on near-surface
measurements/models seem unconvincing.
More on this later.

Nowherehave such assessments been verified
on space-time scales comparable to YM.

nature and




PRGPOSED CONCEPTUAL FRAMEWORK

® Among the more reliable YM models/data are
those concerning preumatic monitoring/injection.
These suggest/reveal:

v

v/

v/

e5 As at Apache Leap. pneumnatic injectc

In welded units. pneumatic data represent
fractures/fa.lts atlow water saturation which
are thus open to air flow.

TCw/TSw are spanned by pneumatically
interconnected networks of fractures/faults
that conducts air with relative ease across
considerable distances (more 1n some
directions than others).
Pneumaticmonitoring/injection data pro.ide
self-consistent (high) network permeabilities.
Due to low saturation, these are probably
close to the network intrinsic permeabilities.
As matrix permeability of TCw/TSw is orders
lower. flow in these units 1s dominated by
fractures “nd faults.
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® There is no information to evaluate directly the

modes/rates/directions of water flow through
fractures/faults 1n TCw/TSw. Little 1s known
sbout mechanisms/parameters that control flow
¢, in open vs tilled fracture spaces;

2y along fracture planes vs intersections.

@ across wide areas Vs channels/rivulets;
2y in capillary films:
2, between fractures and matrix blocks.

® Evidence for matrix-dominated PTn flow:
Relatively high matrix porosity/permeability:
Low enough saturation to cause imbibition
from fractures/faults into matrix;

Relatively low fracture density:

Faults relatively narrow and ditficult te
identify:

Progounced attenuation of pneumatic pressure
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@ Bomb-pulse isotopes In waters within/below PTn
imply some rapid flow paths through it.
/ Mean seepage velocity through PTn inatrix
is too slow to account for bomb signatures:
/ Bomb-pulse isotopes in PTn matrix suggest
fast paths in matrix. not only fractures/faults:
@ Fast flow in matrix (or fractures/faults) can take
place through narrow channels of locally elevated
hydraulic conductivity due to
ey, Focused episodic infiltration causing
ey bu''dup of saturation (and thus conductivity)
along narrow paths, without time to fully
dissipate between events;
% Spatial variations in matrix permeability;
e Instability at layer interfaces and fingering.
@ Such preferential flow channels may persist or
adjust dynamically t0 variable surface infiltration.
@® Regardless of whether they develop within
fractures. faults or the matrix, such flow channels
occupy a minute proportion of the rock volume
and are thus unlikely to be observed 1n the field.

® No clear evidence to support/deny extensive
lateral flow within PTn. Probably dampened by
heterogeneities. hence vertical flow dominates.



“BACK-OF-THE-ENVELOPE” BOUNDINC
CALCULATIONS OF FLUX AND VELOCITY

® Water fluxes/velocities vary considerably 1n
space-time and with direction/scale.
@ We consider only
v/ space-time mean vertical flux/velocity,
7/ one for bulk rock (slow), one for preferential
channels (fast).

Lower Bound on Percolation Flux

@® Table 7 in Flint (1996) contains sumimary info
about matrix properties and state variables of
seven PTn units. We average these to obtain
@ Porosity ¢ = 0.4
@ Saturation S = 0.5
2y Saturated conductivity K, = 3.25 x 10° mm/yr

(geometric average).

® To date. no reliable experimental data on K(S) or
K(S,, ;;..)» only indirectly calculated “‘data’” tfrom
moisture retention Curves.

% L.E. Flint provided recent data on two rock
samples. From taese
29 K(S=0.5) = 6 mm/yr.
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@ Uniformly low suction in PTn implies flow 1s
gravity-dominated at near unit vertical gradient.
w5 Matrix flux q,, = 6 mm/yr.

s This is a lower bound because 1t

$

/ disregards fractures/faults;

v/ disregards fast-flow channels in matrix;
/  cannot account for bomb-pulse signatures;
v/ disregards increase of K with scale.
Independent calculations by Fabryka-Martin
et al. (1996: Tables 8-3 to 8-6) suggest that a
minimum flux of 1 - 5 mm/yr 1s needed to
reproduce bomb-pulse “°Cl signatures in ESF.

¥ Agrees with Cl mass balance.
@® Average volumetric water content in PTn matrix
is 8 =S¢ = (0.5X0.4)=0.2.
= Velocity v, = q./0 = 30 mmiyr.
s= At such velocity, it takes 10,000 years 10

7

travel 300 m. over 13,000 years 400 m.
Agrees  with elevated reconstructed
atmospheric **Cl/Cl ratios (Fabryka-Martin et
al.. 1996, Figure 2-2) prior to about 10,000
years (at end of Pleistocene) and many
corresponding ratios (Fig 5-1) in ESF .
Much too slow to account for bomb-pulse
signatures; requires postulating fast paths.



Level 3 Milestone Report 3783M Page 938
LA-CST-TIP-96-002 Draft, August 29, 1996

Table 8-3. Simulated transport of **Cl to the ESF using the onginal parameter set at Stanion 35
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Bomb Pulse: Indicates the arrival of any solutes at ESF in less than S0 vears.
Yo : Indicates the breakthrough at the ESF of 1% of 2 pulse injected at the surface.
S50% : Indicates the breakthrough at the ESF of 50% of » pulse injected ar the surface.

1%c and 50% also represent the maximum age of the first 1% and 50%

of a simulated water sampie at the ESF
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Table 8-4

. Simulated transport of

Page 99
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38| 1o the ESF using the origmal parameter set at Stauon 39
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Bomb Puise: Indicates the arrival of any solutes at ESF in less than 50 vears.

L}
1%

sney

19 and 50°. siso represent the maximum 2age of the first 1%. and 50%
of a simulated sample of water 3t the ESF

. Indicates the breakthrough at the ESF of 1°. of 2 puise injected at the surface.
. [ndicates the breskthrough at the ESF of 50% of 3 pulse injected at the surface.
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Table 8-5. Simulated transport of **C! 1o the ESF using the updated parameler set at Station 59
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Bomb Pulse: Indicaies the arrival of any solutes at ESF in less than 50 years.

50%

1%. and S0%; aiso represent the maximum age of the first 1% and 50%

. lndicates the breakthrough at the ESF of 1% of a puise injected at the surface.

: indicates the breshthrough st the ESF of 50% of a pulse injected at the surface.

of a simulated sampie of water &l the ESF
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Table 8-5. Sirnulated transport of **C! 10 the ESF using the updated parameter set at Station 35

{continued)
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Bomb Pulse: Indicates the arrival of any selutes at ESE in less than 50 years.

50%s

. Indicates the breakthrough at the ESF of 1%: of a pulse injected at the surface.

: Indicates the breakthrough at the ESF of 56%, of a pulse injected at the surface.

1%0 and 50%. also represent the maumum age of the first 1%0 and 50%,
of 3 simulated sample of water at the ESE.



36C)/Cl Ratio (x 10719)

Figure 2-2.
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Reconstructed production rate of chlorine-36 in the atmosphere, compared against measured data tor packrat
middens from the vicinity of the Nevada Test Site. The rcconstructed 36CY/CI ratio shown by the solid line
assumes that the deposition rate of stable chloride was constant at present day rates during the Holocene (i.e.,
ages iess than 10Kky) hut 33% lower throughout the Pleistocene. Lower and upper limits shown by the gray
lines assume present-day I6CYCI ratios of 450 x 10°15 and 650 x 10715, respectively. See section 2.1 for a
2:cussion of these reconstructions.
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o Feature-based samples (fractures, faults, breccia, broken rock,
lithophysal cavities, unit contacts)

» Systematic samples
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Figure 5-1. Distribution of 36C1/C] ratios measured for rock samples, as a function of distance along the ESF

North Ramp and Main Drift. ESF stations are marked in 100-m increments. Samples with ratios

ESF STATION

exceeding 1500 x 10°15 are considered to contain a component of bomb-pulse I6CE. Data from

Table §-3.
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Upper Bound on Percolation Flux

® When ESF ventilation 1s shut off on weekends,

moisture flux from rock averages about 50 mm/yr

(J.S.Y. Wang, personal communication).

ez This yields an upper bound on percolation
flux across repository horizon.

2= Flux in excess of 6 mm/yr 1s associated with
fast paths.

= Such paths can be unsaturated and need not
form visible seeps 1n ESF or open repository.

= There seem to be no other data to further
constrain flux through fast paths from above.

Matrix vs Fracture Flux in TSw

® TSw matrix permeability varies about a nominal
value of 5 x 10°"® m? (Birkholzer et al. 1996).
w AsS = 1,K=1.5mm/yr.
s Under unit gradient, matrix flux = 1.5 mm/yr.
s Flux through fractures/faults varies between
/ nominal lower bound of 4.5 mm/yr,
7/ nominal upper bound of 4&.5 mm/yr.
i Fractures/faults thus carry part of slow and
all fast flow.



Effective Porosity ¢, of Fast Paths

® &, = (rock volume occupied by fast paths)/
(bulk rock volume)
— Probability of encountering a fast flow path.
= (V¢ = (fast flux)/(fast velocity).
@ Atmospheric bomb-pulse released 1952 - 1963.
Allow signatures within depth range 100 - 450 m.
w v, 2.5%x10°-1.5% 10* mnu yr.
& InTSwq,~45-485 mm/yr implies
& ~3x10%-2x10°
® No data to estimate ¢; in PTn.
® o =AN;=(mean «-sectional area of fast path)/
(number of fast paths per unit x-area)
® Cannot evaluate A or Ny without knowing
one of them.

Probability Distribution of Percolation Flux

® Under a unit mean hydraulic gradient, flux 1s
proportional 10 K.
w Taking K log normal renders flux log normal.
e Taking lower/upper bounds to represent 5/95
percentiles yields the shown pdf/cdf and a

i Maximumn (LKEiiood flux = 17 mpuyr.
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PROSPECTS FOR REFINED ANALYSES

® The above crude estimates could be refined by

v

v/

Creating a more complete/reliable data base
concerning PTn matrix properties/states:

Using it to estimate spatial variability of flow
within PTn and to assess related uncertainty.

@ [Existing UZ flow models, though more detailed.
do not necessarily provide more reliable estimates
of percolation flux af this time. They

v

v

Suffer from same lack of K(S) data for PTn
matrix as the above crude calculations;
Incorporate fractures/faults without adequate
information about their flow properties and
behavior across the site;

Are either driven by surface-based infiltration
estimates of unknown reliability or

Show lack of sensitivity when fluxes are
estimated by calibration against measured
pressure heads and saturations;

Do not quantify uncertainties in model
structure (conceptual framework), parameters
(material properties), mputs (forcing terms),
or outputs (predictions).
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Calculations Based on Temperature Data

@ Percolation fluxes were obtained by two methods:
© Estimating vertical conductive heat fluxes in
UZ and SZ from vertical T° profiles, then
setting conductive + convective flux in UZ
equal to conductive flux in SZ;
® Filtering out heat flux by considering
variations along the vertical in UZ.
@ A variant of Method 1 additionally considers
lateral variations in heat flux and T° in UZ.
® Method 1 is sensitive to errors and uncertainties 1~
heat flux. heat conductivity, and I’*-order
variations in T°.
® Method 2 is sensitive to errors and uncertainties in
[%-order variations in heat conductivity and 1 -
as well as 2"-order variations in T°.
® In no case have such errors and uncertainties
been quantified through a transparent statistical
analysis of available data.



Comments on Estimates of Net Infiltration

@® Net infiltration varies strongly in space-time in a

®

manner which is very difficult to assess.
Existing estimates are based in part on 1-D
interpretations of neutron-probe data in shallow
boreholes at a few sites which disregard runoff
and lateral subsurface flow.
w= Lateral subsurface flow occurs when runoff
from bedrock slopes seeps into alluvium along
its margins, then propagates along a sloping
bedrock-alluvium interface;
¥ The phenomenon is evidenced by bomb-pulse
38C] at the base of the alluvium in borehole
UZ-16, without being found in the alluvium;
= Shallow lateral subsurface flow may also take
place along hillslopes in bedrock terrain (by
virtue of the “thatched-roof” effect);
Some estimates are based on a I-D “bucket
model” whose reliability is open to debate;
Some estimates are based on bedrock
permeabilities that are not measured but
calculated on the basis of fracture densities and
apertures, an approach known to be generally
unreliable (Neuman, 1987);



®

®

There has been no attempt to quantify the
uncertainty associated with published YM
infiltration maps,

The premise behind these maps that net
infiltration rate is always higher along hilltops
than along washes seems counter intuitive;
That net infiltration rates on these maps have been
modified upward in recent years, by more than an
order of magnitude, throws into question the
methods used to develop these maps.



Expert Elicitation:
| Viewpoint on the Process
| and Results

Gaylon S. Campbell

Dept. of Crop and Soil Sciences
Washington State University
Pull.nan, WA

ca Mountain UZ Flow
m Can it be understood?

| m Can it be understood by “outside
experts”?

! & Can it be understood by public?



Specific UZ Flow Questions

® What approaches have been used to
estimate percolation flux in YM?

m How reliable are the models that are
being used for these estimates?

m What is the percolation flux in the
mountain and what are the
uncertainties?

]| Modeling UZ Flow in YM_

m Modeling water flow using numerical
simulation and computer codes

m Modeling water flow by observation
and measurements in the mountain

! @ Modeling water flow using tracer
studies



uestions

Specific UZ Flow Q

m What approaches have been used to
estimate percolation flux in YM?

m How reliable are the models that are
being used for these estimates?

& What is the percolation flux in the
mountain and what are the
uncertainties?

Modeling UZ Flow in YM

m Modeling water flow using numerical
simulation and computer codes

a Modeling water flow by observation
and measurements in the mountain

= Modeling water flow using tracer
studies



UZ Codes for Percolation

8 USGS Surface water balance models

m LBNL Tough2 Finite difference
multiphase fluid and heat flow model

m LANL Finite element water, heat, and
solute model

UZ Flow from Observations

= Observations of weeps and moisture
in ESF

m Measurements of water potential and
hydraulic properties in PTn



" | UZ Flow from Tracers

f @ 35Cl tracer studies

3 s Tritium distributions
} B 14C tracer studies

1 m Heat flow and temperature gradients
| m Calcite and opal deposition

Surface Water Balance

i Percolation =
Precipitation
- Evaporation
- Transpiration
- Runoff



Surface Water Balance

important Site Factors

= Soii depth

s Soil water holding capacity
& Plant root depth

s Topography

m Infiltrability

Environmental Factors

1 @ Precipitation

! m Potential evapotranspiration
§ m Solar radiation

@ Temperature

| ® Vapor pressure

| » Wind



~ | water Balance Simulation

L Temperature from 50 year Beatty, NV
i record

L Precipitation from 15 year Yucca
i Mountain record

! = Soils map of YM: depths and water
holding capacity

| ] Temporal Distribution
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Spatial Distribution

Ezo% =

515% :é

5 10 - ®

g 3
0 - + 0

168 “69 170 171172 173 174 175
Nevada East Coord.

Surface Water Balance

max min mean
Precipitation 300 71 170

Evaporation 187 62 119
Transpiration 116 13 52
Percolation 11 0 0.5

0.5 m deep profile



Unsaturated Flow in PTn

@ Psychrometers and core sampies
show zero matric potential gradient

g High porosity (0.5) and high
permeability makes fracture flow
unlikely

s Flow must be at least as high as
matrix flow estimate

Unsaturated Flow Equations

k(—c—i—h—«&» 1)
dz

k = kj( ﬁ-—] |

Sk
k hydraulic conduciivity
k saturated conductivity
h water potential

h, air entry potential



Estimated Flux in PTn

Potential - Bars  Flux - mmlyr

6.1 100
0.2 17

0.5 1.7

1 0.3

2 0.05
5 0.005

36C| as a Water Tracer

s Generated by cosmic rays
s Half life of 301,000 years
m Modern 3CI/Cl ratio 5 X 1013

m Levels 10,000 years ago were 2to 3
times present

m Nuclear tests elevated levels by a
factor of 400 from 1952-1972



36C] Bomb Pulse

10000 - ——

.g
= 1000 -
(]
118
a
10 e -

1940 1950 1960 1970 1980

Year

- 3‘3C mplig |

! m Bore hole sampling
| w Samples every 100 m in ESF

@ Feature-based sampling in ESF
(faults and fractures)



] 3¢Cl/Cl Ratios in ESF Tunnel

C)-36/C| Ratio (x 10

S
s |
3

ESF Station

. 36CI: Flux from Simulation

I m Finite element heat and water model

{ m Dual permeability implementation
{flow in matrix and fractures;
equilibrium not required)

m Can implement fast flow in fault
regions



Chioride Breakthrough

Relative Concentration (%)

Time (years)

" ] Conclusions

! @ There is downward flow of water
under Yucca Mountain

l m Some water reaches repository
levels within decades

@ Fast flow of water in faults and
fractures is likely



More Conclusions

@ Recharge is highly variable in space
and time

m Recharge occurs about 1 year in
@ Recharge occurs under shallow ,oils

a Flow mostly in fractures except in
PTn non-welded tuff layer

m Probable range 1 - 20 mmlyr

What is Most Needed Now

m Accurate water potential
measurements of rocks in ESF

m Unsaturated hydraulic conductivity
measurements, especially in PTn

m Inverse modeling to understand
perched water
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Methods used to incorporate results
of expert elicitation in TSPA-VA

» Conduct sensitivity studies to evaluate the potential
effect of the issue

e Incorporate recommendation directly

— Evaluate significance of alternative models or
parameters
— Weight distributions according to elicitation

ANDREWS2 PPT/120NWTREW-25.26-97 2



Key output of UZ flow model expert
elicitation and incorporation into
TSPA-VA

Net average infiltration rate Use PDF to define
representative infiltration

rates (and weights) and
sre-calibrate” the UZ flow
model

Spatial / temporal variability Use alternate infiltration rate
of infiltration rate distributions defined by
expert elicitation in UZ flow
model

ANDREWS2 PPT/{28NWTREW-25-28-97 3



Key output of UZ flow model expert
elicitation and incorporation into
TSPA-VA

(Continued)

Lateral diversion of flux Use alternate infiitration

and spatial/temporal rates and UZ flow
variability of model to confirm

percolation flux dampening of flux
variability with depth

as elicited from experts

Net average percolation
flux and fracture/matrix
flux distribution

Use results of UZ flow
model with uncertain
net average infiltration
rate PDF to confirm
percolation flux PDF
and % fracture flux
from expert elicitation

ANDREWS2 PPTHZUNWTRING.25-26.97 4



Key output of UZ flow model expert
elicitation and incorporation into

Seepage flux

TSPA-VA

(Continued)

Use results of drift-scale models
with variable matrix and
fracture properties to confirm
expected range of seepage
between 0.1 to 10% of
repository area. Correlate
seepage flux and area to
percolation flux and properties
variability



Conclusions

« Expert elicitation provided another means 1o
develop reasonable ranges of key input values for
the unsaturated zone flow model

e These ranges (appropriately weighted) will be used
in TSPA-VA, as confirmed by UZ flow model

« Additional elicitations are underway in other key
aspects of total system performance (e.g., waste
package degradation and saturated zone flow and

transport)

ANDREWS2 PPT/12S/NWTREW.25.26.97 8



Example application of results of
expert elicitation

 Uncertainty in average percolation flux
e Variability in average percolation flux
o Variability in average seepage flux

ANDREWS2 PPT/125NWTRB\S-25-26.87 7



Example discrete appropriation of
average percolation flux PDF

Model 1

Model 2
Model 3

Model 4

Model 5

Percentile

3.5

21
50

79

96.5

1

Weight
0.1

0.24
0.32

0.24

0.1

Spatial and

Temporal Average
1 mm/yr

4 mm/yr
7 mm/yr

15 mm/yr

34 mm/yr

ANDREWS2 PPT/125/NWTREE-25-26-97 8



%
Model  Total Area

.1
3.2
3.2
34
35
3.6
.7

30

20

10
10

Example spatial percolation

Aresa 1

It

Tota! Fiux

2 8 8 8 8 8 8

flux variability

%
Total Ares

8 8 8 88 8 8

Area 2

%

—h

Yotal Flux

°© 8 ° 8 ° 88

Avg. Flux
in Area

7
7
0
7
0
7
0

Area 3
%_ % Avyg. Flux
Total Area TYotal Flux in Area
40 40 7
40 10 1.8
40 10 1.8
50 10 14
50 10 14
60 10 1.2
60 10 1.2

ANDREWSZ PPT/125/NWTRENS-25-26-97

9



Example spatial percolation flux
components in fractures

Area 1 Area 2 Area 3
% % % % % % Total % Area
Model Jotal Area  Aroe w/ Seeps| Total Area Arsa w/ s | TotalArea Area w/ Seeps w/ Seeps
31 30 1 30 1 40 1 1
3.2 30 3 30 1 40 0 1.2
3.3 30 6 30 0 40 ] 1.8
34 20 6 30 1 50 0 1.5
a5 20 12 30 0 50 0 24
3.6 10 18 30 1 60 0 2.1
3.7 10 36 30 0 60 0 3.6

ANOREWSZ PPT/12SNWTREW.25-28.97 10
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Key Uncertainties

 Saturated Zone Flow and Transport Abstraction/
Testing Workshop, April 1-3, 1997, Denver, CO,
identified issues related to key flow and transport
uncertainties affecting repository-system
performance assessment:

~ Spatial distribution of advective flux
— Alternative conceptual models

— Effective transport properties

— Future climate change

HOXIE PPTN2SNWTRDWS-25-2697 3



Spatial Distribution of Advective Flux

« Regiona! recharge and discharge
e Channelization of flow
e Vertical flow

Significance:
Ground water moving beneath the site will be

principal means for radionuclide transport to the
accessible environment

HOKXIE PPT/28NWTRES.28.26.07 4



Regional Recharge and Discharge

e Spatially distributed recharge estimated by modified
Maxey-Eakin method

» Discharge measurable at discrete locations:
— Springs
~ Playa evapotranspiration
— Pumpage from wells

Significance:
inflows and outflows determine overall regional flow

system

HOXIE PPTAZSNWTRBM-25-2687 S



Fiow Channelization

e Consequence of heterogeneity within hydrogeologic
framework

— Spatial distribution of hydraulic conductivity
— Large-scale structural features (e.g., faults)
— Fracture network connectivity

Significance:
Defines flow and transport pathways to accessuble
environment

HOXIE PPTH2SNWTREW-25-2697 §



Vertical Flow

e Limited data indicate potential for vertical flow
upward into the volcanic aquifer near the site

~ Increasing head with depth in boreholes (e.g., UE-25
p#i)

— Thermal data suggesting upwelling along major
bounding faults (e.g., Solitario Canyon fauit)

Significance:
Downstream mixing and dilution of radionuclide

concentrations

HOXIE PPT/25/NWTRB'S-25-26.97 7



Alternative Conceptual Models

o Steady-state hypothesis
e Equivalent continuum representation

 Explanations for large hydraulic gradient north of
site

Significance:
Represents uncertainty in understanding of flow and

transport processes and their numerical simulation

HOXIE PPT/12SNWTRB.25.26.97 8



Transport Issues

» Dispersivity
— Transport parameter to quantify longitudinal and
lateral spreading of a solute plume

o Matrix diffusion (Effective porosity)

— Process of diffusion of solute into rock matrix from
fracture pathways

e Sorption
— Process of retardation of solute by chemical
interaction with rock-mass constituents (e.g., zeolites)

HOXIE PPTH2SNWTREG.28.28.97 §



Transport iIssues

{Continued)

Significance:
e Reduce downstream radionuclide concentrations

» Delay arrival times to the accessible environment

HOXIE PPT/26NWTRBS-25-26.97 10



Future Climate Change

« Future pluvial episodes are expected to occur in
next 10,000 to 100,000 years with periods of
increased regional recharge

Significance:
« Potential water-table rise beneath the site
» Increased advective transport velocities

» Possible enhancecd mixing and dilution within SZ

HOXIE PPT/12SNWTRBS-25.2697 11



Addressing Key Uncertainties

o Laboratory testing
— Solubility and speciation experiments for Np
— Column and diffusion-cell experiments for selected
radionuclides

— Hydrologic property measurements
» Saturated hydraulic conductivity

» Porosity

HOXIE PATHZSNWTRBS-23-26.07 12



Addressing Key Uncertainties

(Continued)

e Field testing
— Hydraulic and tracer testing at c-holes complex
— Completing Fortymile Wash recharge study
— Planned WT-24 penetration of large hydraulic gradient

— Planned hydraulic and hydrochemical testing in
boreholes (e.g., Eh measurements in WT-17; new
boreholes SD-6, SD-11, SD-13)

—~ Planned second SZ testing complex
~ Paleodischarge investigations

HOXIE PPTH2SANWTHRENS. 252887 13



Addressing Key Uncertainties
(Continued)

e Modeling studies

— Conducting sensitivity analyses for key processes
and parameters using SZ flow and transport

numerical models

- Completed modeling of selected climate states to
estimate bounds on possible future climate change

and increased recharge

HOXIE PPTH2SNWTRBW.25.2897 14



Addressing Key Uncertainties
| (Continued) |

e Conducting SZ flow and transport expert elicitation
to quantify uncertainty bounds on key parameters
and conceptual models

~ Expert panel members:

» Dr. R. Allan Freeze

» Dr. Lynn Gelhar

» Dr. Donald Langmuir
» Dr. Shiomo Neuman
» Dr. Chin-Fu Tsang

HOXIE PPTN2ANWTRBS- 252697 15



Testing Program Support for
Addressing Key Flow and
Transport Issues

Poid Tosting Nedeling Mudes

shorpiary Teating
SUES
Solubiity Column Hydegutic | C-Holes Fonymbe Wash WT-24 | WY7 8D8. 52 Prieo- Sensigvity Fulua
Experiments | Expedments Properties Recharge §D-11,S0-13 Teatng acharge Ansiyu e Chmom
Complex Stuthes

HOXIE PPN 2SNWTANG-23 2697 1k



Conclusion

e We will establish quantified bounds on key
parameter and model uncertainties for VA

« We will reduce key uncertainties through additional
testing for LA

HOXIE PPTN2SNWTRES 250007 17
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Outline

Overview
Information available at Viability assessment
Additional work supporting the License Application

— Site testing
- Repository/waste package design
— Total system performance assessment

— Regulatory activities
Documentation of future plans

YOUNKER PPT/26/NWTRENG.25.28.97 2



Information Available at VA

« A basic understanding of site processes
— Geologic framework

— Hydrologic flow
— Geochemical environment
 Preliminary design concept of key design features

— Concept of operations
_ Reference repository and waste package designs

_ |dentification and partial evaluation of available

design options

YOUNKER PPT/1 25/NWTRENS-25-28-97 2



information Available at VA

(Continued)

o Total system performance assessment
— Based on preliminary site/design process models
— Evaluation of reference design concept

e Preliminary safety case
— Preclicsure
— Postclosure

YOUNKER PPT/25/NWTREW-25.2697 4



Additional Work Supporting the LA

I LT FEA

« Drift scale heater test
 UZ flow & transport tests
« SZ flow & transport tests
« Rock mechanics/hydrologic 1ab tests

o E-W drift

. i.‘viw’ LE & SRR

o Conduct EBS lab testing | |
" J « Address Peer Review comments

» Evaluate design options
« Select /design these options « Incorporate updated data/process models
« Conduct analyses

« Compliete details of operational concept

YOUNKER PPT/128/NWTRENS-25-20-07 5



Key Site Testing Activities

« Drift-scale heater test
_ Start in December 1997 and continue for several years

_ Information on coupled processes

« UZ flow and transport tests
— Tests to be conducted in ESF, including E-W drift

— Four new boreholies in vicinity of repository block

« SZ flow and transport tests
_ Data obtained from four boreholes south of the

repository block

« Rock mechanics/hydrologic lab tests
- Tests done on samples obtained from E-W drift

o Update site process models for TSPA input

YOUNKER PPT/126/NWTAB\S-25-26-97 6



Key Repository/Waste Package
Design Activities '

Conduct EBS lab testing

— Waste package materials
~ Waste package/waste form degradation processes

Evaluate design options

~ Complete evaluation of EBS options to enhance
performance

— Evaluate costs associated with these options

Select /design these options

— Focus on items important to safety and waste
isolation, especially those with no regulatory
precedence

Update EBS process models for TSPA input
Complete details of operational concept ... -



Key Total System Performance
Assessment Activities

» Address Peer Review comments
— Comments on TSPA-VA; used to strengthen analysis
for TSPA-LA
— Final TSPA Peer Review report due March 1999
e Incorporate updated data and process models
— Site, EBS, and biosphere data and models
~ Abstraction process similar to what is being done for
TSPA-VA

o Conduct analyses
_ Includes sensitivity analyses of EBS options

YOUNKER PPT/126NWTRENG 25.26.97 8



Key Regulatory Activities

e Prepare Final EIS
— Includes development of Draft EIS and public
comment period
— Final EIS must accompany the site recommendation
and the license application

 Prepare site recommendation
— Documents site suitability determination (10 CFR 960)

— A key requirement is NRC’s preliminary comments on
sufficiency of information for the LA

« Prepare license application
~ Project Integrated Safety Assessment (PISA) will be
used as starting point for Draft LA

_ Extensive interaction with NRC needed to facilitate
docketing and to expedite detailed licensing review

YOUNKER PPT/25/NWTRDW-25-2697 9



Documentation of Future Plans

« License Application Plan will document the plan and
cost estimate to complete the LA

— One of the four VA products
e LA Plan wiil contain
—~ Overall strategy for LA development
— Work to be conducted between VA and LA
~ Cost and schedule for that work
— Description of the Performance Confirmation Program

e Draft Plan in 9/97; Final Plan in 8/S8

YOUNKER PPY/125NWTRENS-23-2897 10



Summary

o The work done for VA will help to focus remaining
work needed to support the LA

e The LA Plan will document what will be done
between VA and LA

—~ Workscope, schedule, and cost

e Interactions with NRC will help to further focus the
remaining work on the critical issues

YOUNKER PPT/I2SNWTRBNS.: 97 11
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Outline

Regulatory Background for Performance
Confirmation (PC) Program

PC is Part of Test and Evaluation Program
PC Program Approach

Identification of PC Parameters

iImportant Processes and Parameters
Performance Confirmation Concepts
Design implementation of PC

Transition to PC Program Testing
Planned Activities

PCNWTRB2 PPTH1697



Regulatory Background
for PC Program

Consists of tests, experiments, and analyses to
evaluate whether or not the performance objectives
will be met for the period following permanent

closure

Provides data which indicates that

e Actual subsurface conditions encountered and
changes in those conditions are within the limits

assumed in the licensing review
[10CFR60.140(a)(1)]

PCNWTRE2.PPT&/1887



Regulatory Background
for PC Program

(Continued)

Provides data which in&icate that

o Natural and engineered systems and
components either required for repository
operation or that are either designed or
assumed to operate as barriers after
permanent closure, are functioning as
intended and anticipated [10CFR60.140(a)(2)]

Starts during site characterization and continues to
permanent closure [1 0CFR60.140(b)]

PCNWTRB2 PPTH1OA7



PC is Part of Test and
Evaluation Program

Test and evaluation program will

e Perform necessary system verification throughout
MGDS life cycle to validate the MGDS for receipt,
handling, retrieval, disposal, and isolation of waste

PC focuses on system verification for the isolation
of waste function

PCNWTRER PPT ¥ 16/97



PC Program Approach

Site Characterizailon/License Application/Pre-Construction Phases
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Important Process and

Design Features
Site
o Near-field environment
e Far-field environment
Repository
e [n-drift environment
e« Emplacement drift liner

EBS
o Waste package degradation

PCNWTRB2 PPT/ 197



PC Concepts

Subsurface i Surface
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Design Implementation of PC

Observation Drift

e Borehole Instruments in the Altered Zone
(examples of parameters for data acquisition)
» Rock temperature
» Rock stress and strain
» Ground-water chemical composition; Eh & pH
» Moisture content
» Water vapor content/humidity

Remote Inspection Gantry

» Techniques for data acquisition or examples of
parameters for data acquisition
» Waste package temperature

» Retrieval of waste package material coupons or
other EBS materials - corrosion rates

» Visual inspections of drifts for seepage

PCNWTRE2 PPT &/1887 9



Transition to PC Program Testing
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Planned Activities

Near Term

« Completion and Approval of PC Plan

« Preparation for implementation of PC Program
« Begin PC Program Baseline Pl.ase

« Shake-out of PC Approach using the Enhanced
Characterization of the Repository Block Effort

Far Term

e Develop PC Baseline Information

o Conduct Design for Tests and Facilities
e Implement Planned Activities

 Update PC Plan, in Response to Changes in Design,
TSPA, Process Models, and Data Collection

PCNWTRE2 PPTA/18AT
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Outline

Why we are doing the MGDS VA cost estimate
Components of the estimate

Estimating approach

Cost control process and review plans

Example draft estimate

Key milestones on path to final MGDS VA cost
estimate

Issues and challenges

MGDSVACE PPT 125 NWTRBS-26-87 2



VA Cost Estimate Requirement

« MGDS-VA cost estimate required by the Energy and
Water Development Appropriation Bill, 1997 (became law

9/30/97) H.R.3816

Nuclear Waste Disposal Fund
«  That no later than September 30, 1998, the Secretary shall provide to the

President and to the Congress a viability assessment of the Yucca Mountain site.
The viability assessment shall include:

(1) the preliminary design concept for the critical elements for the repository and
waste package;

(2) a total system performance assessment, based upon the design concept and the
scientific data and analysis available by September 30, 1998, describing the
probable behavior of the repository in the Yucca Mountain geological setting
relative to the overall system performance standards;

(3) a plan and cost estimate for the remaining work required to complete a license
application; and

(4) an estimate of the costs to construct and operate the repository
in accordance with the design concept.”

MGOSVACE PPT 125 NWTRBAE-26-87 3
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Program/Project Cost
Estimates - Usage

» MGDS-VA cost estimate
— Provides the cost of a reference repository design
— Used as input into Program cost estimates
~ Supports project trade and optimization studies

e Program cost estimates are used to
— Determine waste fund fee adequacy
_ Determine defense funding required
— Compare available funding with anticipated near-term
costs
— Determine Program economic viability
— Perform Program trade and optimization studies

MGDSVACE PPT 125 NWTRBA-26.57 4



MGDS VA Cost Estimate Time Phases

o 98 MGDS-VA Cost Estimate
IILllmlthllmllmlLllIIIHI IHIIH
=4 7o} -
D&E* 02-10 252

Bl Pre-Emplacement Construction 05-10

B Emplacement Ops 10-33

Caretaker Operations 34-59
Closure and Decommissioning 60-66 _

98 Program Cost Estimate

IIHIIIIIIIIWI[_IIIHHIIIHH
B EEEEREERERER

(af] N o
D&E* 83-10
Pre-Emplacement Construction 05-10

] Emplacement Ops. 10-41

Caretaker Operations 42-59 |
Closure and Decommissioning 60-70 _

2019
2073

889 =
1995
2001

* Development and Evaluation

MGDSVACE PPT 125 NWTRBA-26-87 5



Elements Excluded From
MGDS Estimate

e Historical MGDS D&E costs (prior to 1998)
— Site characterization, prior design activities

» License application cost (10/98 - 3/02)

e Program costs
— Waste acceptance

— Storage

~ National transportation (Regional Servicing Agent
(RSA) concept)

— Other Program costs (NRC, NWTRB, misc.)

MGDSVACE PPT 125 NWTham-26.97 6




Elements Included in MGDS Estimate

MGDS development and evaluation (D&E)
Surface facilities

Subsurface facilities

Disposal containers

Performance confirmation

Mevada transportation

MGDSVACE PPT 125 NWTRBAS-26.97 7



Elements Included in MGDS Estimate

MGDS development and evaluation (D&E)
Surface facilities

Subsurface facilities

Disposal containers

Performance confirmation

Mevada transportation

MGDSVACE PPT 128 NWTRBA.26-97 7



Development and Evaluation:
Cost Estimating Approach

» Multi-year project plan approach

— Includes design activities, management, institutional,
Payment Equal To Taxes (PETT), and planning for
performance confirmation and Nevada transportation

construction activities
— Expansion of the planning horizon from historical five-
year planning to include activities through 2010

MGDSVACE PPT 125 NWTRB/-26-97 B



Surface Facilities:
Cost Estimating Appreach

o Radiological facilities
— Design-based bottoms-up
- Equipment--commercial database and quotes

~ Manpower--manpower studies, means database
and site unique factors

~ Closure and decommissioning--factoring
o Balance of plant
— Capital costs--scaling (MRS design/cost base)
— Operation costs--manpower studies based
— Closure and decommissioning--factoring

MGDSVACE PPT 125 NWTROS-28-07 9



Subsurface Facilities:
Cost Estimating Approach

« Design layout based excavation modeling

~ Efficiency based progress
« Tunnel Boring Machine (TBM) primary method
 Road headers/ other excavation used
— Ground support--bottoms-up
« Manpower based on crew assignment and schedules

— Crew costs based manpower studies, crew efficiency
considerations and NTS labor agreement rate bases

« Materials and equipment based on industrial
reference databases
~ Dataquest
— Western Mining Engineering
— US Army Corps of Engineers

MGDSVAGE PPT 125 NwTnam-2e-97 1D



Disposal Containers:
Cost Estimating Approach

¢ Unit costs
— Design-based quantity takeoffs
—~ Material costs based on supplier quotes

- Other contributors include

e Nye County sales tax
o Factors for transport, project management

o Contingency
« Disposal container quantities
—~ Waste stream based

© MMQDSVACE. PPT.125 NWTRB/e-2¢-97 11



Performance Confirmation -
Cost Estimating Approach

e Capital costs

— Facilities estimated by Surface--capacity factoring;
and Subsurface--bottoms-up

— Boreholes scaled from historical local database

o Operations
— Based on scaling and factoring
— Data analysis, new studies, and scaling from historical
local database

MGDSVACE PPT 128 NWTAB-26-97 12



Nevada Transportation:
C ust Estimating Approach

o Until such time that the transportation mode/route is
selected, the following assumptions are made for
cost estimating purposes

— Assumes a government-owned and Regional Service
Agency (RSA) operated rail line from a main railroad

line to the repository

— Route assumed to be the average of five rail route
alternatives in EIS studies (in review)

MGDSVACE PPT 125 NWTRBS-28.97 13



Cost Control Process

Dccumented M&O Cos! Estimating, Analysis, :
Controlling Assumptions Cost Estimating and Standardization DOE Cost Guide
Documents (HQ, YMSCO) Guide (DOE Order 5700.2D) Volume 6, 11/94

=3 T TR

— - AAAAAA ’}n va. !

1 H
] 1
T oTTTeTT M . Cost Estimate \
| References: & ! + , | Cost Integration L. o o brocess Cost Estimate
! o Egtimating | + | Project Cost Process M&O/DOE Docurment :
+  Databases L> Estimating § )
+ °Selected |, Process I — :
+ Studies 1 A N\ EGoetT D= X
: :

Cost Activity

Design Outputs

Technical Design Design Activi

gn Activity
Data for Cost Inputs > (Preliminary)
Estimates

AGDSVACE.PPT.125 NWTREm-26-.97 14



Assessing Accuracy and Risk

. ' Contingency as a Runction of Project Life
L4 Developmg a P'an for f (Cost Guide Volume 6 November 1994)

assessing risk of the 5
overall estimate |
|

40 |
e Current estimating guide @ .| v
""""""" | }

and industry experience | ., | T~ N
provides for a range 0 AN
contingency levels, based| = | . .. -
upon design maturity, that .| . '\ \
which are applied to

5

elements of the estimate 0 g x
iz B §  2e g
£ 35 SE <2
gd "% Ed
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MGDS VA Estimate Reviews

¢ Yucca Mountain Project (YMP)
— Multi-year planning January - February 1998
— MGDS estimate April 1998 and July 1998

e External Review Team

— Review completed segments and submit feedback at
end of segment review

» Assumption segment - October 1997

» Disposal container segment - January 1998

» D&E {multi-year segment) - February 1998

» Repository and remaining elements - April 1998
» Draft Final report - June 1998

MGDSVACE PPT 126 NWTRE%-26-.97 16



Yucca Mountain is the Largest
Element of Total System
Life Cycle Costs

Relationships of Major Elements of Total Life Cycle Costs
(Based on 1997 Program Cost Estimate)

# payment Equal to Taxes (PETT)

O waste Acceptance, Storage, and Transportation
Development and Evaluation and Operations (12%)

O program Management and Other
Development and Evaluation (1 3%)

® Mined Geologic Disposal System Development
and Evaluation and Operations (73%)
Assumptions:

« Disposal of total requirement in a single
repository.

« Emplacement 2010-2041.

« Closure 50 years after start of emplacement.
« No centralized interim storage.

« Disposal in large waste packages.

« Rail and truck transport (13 truck sites).

MGDSVACE.PPT. 125 NWTRES-26-97 17




Repository Cost Drivers

70,000 MTU repository (scaled from 97 PCE)

Development and
o Nevada B Performance Evaluation (2002 *0)
Transportation Confirmation $1,800 M (12%)

$750 M (5%) $800 M (5%)
(R L w B Surface Facilities
R < R (25%)

B Subsurface Facilities

O Waste Package
Fabrication
$4,500 M (29%)

Total = $15,450 M FY 97 Dollars

The MGDS estimate is presently in work,
the data presented herein is result ~fa
scaling effort to be replaced by the cost
estimate of the RDD Rev. 0

$3,700 M (24%)

Assumptions:

« Disposal of 70,000 MTU in Yucca Mountain
repository.

* Emplacement 2010-2033.

» Closure 50 years after start of emplacement.
¢ No centralized interim storage.

« Disposal in large waste packages.

+ Rail and truck transport (13 truck sites).

MGOSVACE PPT 125 NWTRB®-26-97 18



Key Milestones

Cost Analysis Report - VA assumptions 9/30/97
Disposal container design freeze - 9/30/97

Bin 3 freeze - 9/30/97
Final design freeze (non-Bin 3) 2/10/98
VA Document due - 8/28/98

MGDSVACE PPT.125.NWTRBM-2667 18



Challenges

e Reconcile external review comments

 Incorporate late design changes which have a
significant impact on the cost estimate

« Integrate design and related costs details from
design segments

MGDSVACE PPT.125.NWTRS6-20-07 20



Backup Charts

MGDSVACE PPT.125NWTRER.26.97 21
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Total System Life Cycle Costs
(Existing Estimate)

Mzjor Elements of Total Life Cycl2 Costs
Billions of constant 1997 dollars

® Payment Equal to Taxes (PETT) O wasts Acceptance, Storage, and Transportation
and Benafits Development and Evaluation and Operations
$0.8 $4.0

Total System Cost
$32.8 Billion (97%s)

$4.2
O program Management and Other
Development and Evaluation

$23.8

E Mined Geologic Disposal System
Development and Evaluation and Operations

Assumptions:

« Disposal of total requirement in a single
repository.

* Emplacement 2010-2041.

« Closure 50 years after start of emplacement.
¢ No centralized interim storage.

* Disposal in large waste packages.

* Ruil and truck transport (13 truck sites).

MGDSVACE.PPT. 126 NWTRBS-28-97 23




Major Difference Between

95 TSLCC and 97 PCE
litem 95 TSLCC 97 PCE
Waste stream SNF & DHLW |SNF, DHLW &
DOE SNF
Mass Thermal 100 MTU/acre |83 MTU/acre
Loading
Tunnel ground (minimal) Concrete liner
support Mesh & rock
bolts
Emplacement drift |5 meters 5.5 meters
Diameter

MGDSVAGE PPT 125 NWTRBM.26.07 24
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East-West Tunnel Crossing the RepositoBlock: |
Recommended Studies and their Objectives

Presented to:
Nuclear Waste Technical Review Beard

Presented by:

Dr. Michael D. Voegele

Management and Operating Contractor
Las Vega<. Nevada

U.S. Department of Energy
Office of Civilian R...ioactive
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Preliminary East-West Drift
Layout - - Recommended

Scale is spproxiriate
Pl ] E 2o ! Developiment
<z 2000 #t 4000 1t
N l % ;o - b Access Ramp
Waste Ramp ‘ 500 m 1000 m K
Meters !
- WwWT-24 ’
Empliacement Exp'oratory Studies Facllity
Exhaust Shait Emplacament Driftes
: East Devalopmeht
Ghost Danc, Faut Main S:‘,';:,""
' l S '

Borehola locations are approximations for illustration only

Expansion Area
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Testing 10 Support
Design/Construction

Monitoring construction water usage and ventilation
impacts

Evaluation of dust suppression strategies

Mapping fracture distribution, frequency, and
physical attributes

Investigation of footwall deformation of the Solitario
Canyon Fault

Characterization of hazardous minerai distributions

Location of basal vitrophyre of the Topopah Spring
formation

Predict geologic features of engineering and
construction significance, and anticipated ground

cond iti 0 ns VOEGELE PPTNA2S/NWTRBS-25-26.97 3




Testing to Support Hydrologic Model

Saturation profiles and hydrolovi. properties from
surface boreholes

Niche and alcove studies to characterize percolation
flux, seepage into drifts, and fraciure-matrix
interactions

Saturation and water potential measurement from
the crossdrift to characterize the spatial variability
of percolation flux

Characterization of environmental isotope
distributions and fracture fillings to evaluate flow

pathways

VOEGELE PPT/126/NWIRBW-25.2697 4



Testing to Support Hydrologic Model

(Continued)

Boreholes in the crossdrift to evaluate tracer
migration rates

o Characterize the hydrologic properties of the
Solitario Canyon faulit

Testing of any perched water encountered in
surface boreholes |

« Predict ambient moisture, gas, heat, and
geochemical conditions along the recommended
crossdrift using the calibrated 3-D site scale UZ flow

model

VOEGELE PPTH2S/NWTRES-25.26.97 &



Reducing Hydrologic Uncertainties

Charac terizing percolation of water at the repository
horizon in different host rock units

Characterizing effects, at depth, of varying surface
in{iltration rates

Characterizing seepage into drifts through in situ
testing in niches

Characterizing movement of water below drift
inverts -

VOEGELE PPTN2SNWTRES.28.26.97 B



Reducing Hydrologic Uncertainties

(Continued)

* Help discriminate between different models for
fracture/matrix interaction and seepage into drifts

— Dye infiltration in niches

— Progressively increasing water injection above
excavated niche to evaluate seepage threshold

- East-West Drift construction water monitoring from
launch bay to crossing of the ESF main

VOEGELE PPTH2SNWTRENG-25-28697 7



Reducing Hydrologic Uncertainties

(Continued)

« Address variability in percolation flux; verify or
reduce range

— Total chloride: Chloride, mass balance and Chloride-
36 in ESF main (sidewall borings), niche samples, E-W
drift, and new boreholes

— Other chemical elements: Strontium isotopes,
environmental isotopes (CI-36, Tritium, C-14, C-13,
Technetium, lodine, ESF main, niches, E-W drift, and
new boreholes

— Temperature: Geothermal gradient measuring in
boreholes

— Fracture coatings: Calcite/opal for Uranium
disequilibrium samples collected in ESF niches, E-W

drift and new boreholes

VOEGELE PFTA2S/NWTRBS-25-26-97 B8



Preliminary East-West Drift
Layout - - Recommended

Development
Waste Ramp Access Ramp
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East-West Cross Drift

Critical Schedule Elements

Launch chamber design (70 days)

CF st
TBM planning, acquisition,
rehabilitation and assembly (147 days)

Excavate launch chamber (66 days)
Station 00+00 to 00+90

Move TBM to face (22 days)
Equipment shakedown Station
00+90 to 02+40

Excavate 2010 meter cross drift
(62 days) Station 02+40 to 21+00

Excavate to Solitario Canyon 200
meters (7 days) Station 21+00 to 23+00

§/2/97-9/5/97
&1 9!97;0/31 197

9/15/97-2/15/97

12/16/971/14/98
1/15/98-1/28/98

2/5/98-5/1/98

5/4/98-5/12/98

NRCMOVJ13 125 PPT76-11-87 12
[ 3
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MOUNTAIN
PROJECT

Scientific Studies Update at Yucca Mountain

Presented to:
Nuclear Waste Technical Review Board

Presented by:

Larry R. Hayes

Site Evaluation Program Operations

Civilian Radioactive Waste Management System

Management & Operating Contractor

U.S. Department of Energy
Office of Civilian Radioactive
Waste Management

June 25-26, 1997



Focus of the Briefing

e Data Collection at Yucca Mountain
e In Situ Thermal Testing
— Single Heater Test
— Drift Scale Test
o C-Well Testing
— Update on Hydrologic Information
— Update on Transport Information
e ESF Moisture Studies
— ESF Percolation Study
~ ESF Niche Study

HAYESSG * PPT 125 NWTRBS-24-97 2



Data Collection at Yucca Mountain

Data Summary e
* A 5-mile underground testing facility S
with 7 major testing alcoves | L -

e About 350 surface-based boreholes
{more than 30 miles of drilling)

* About 200 underground boreholes

» More than 75,000 feet of core

e More than 15,000 samples for
gechydrologic analyses

o More than 200 pits and trenches

+ More than 500 water and rock samples
for age dating and geochemical |
analyses ;

« Periodic water level monitoring in A
about 50 boreholes

» Neutron monitoring in about 90
boreholes

« Continuous pneumatic monitoring in
76 hydrogeologic zones

» About 50 seismic monitoring stations

PPN S
.
-

HAYESEDT PPT 125 NWTRBS-24-97 3



Generalized Rock and Hydrologic Properties,
Unsaturated Zone at Yucca Mountain

—
Derived Flux Minimum Obesrved
et Generaitzed Rock Properties Generaiized Hydrologic {xvaragad) maviyr Weter Ages® (yesrs) Wethod Deiz Source
Properties
Fracturs | Rock | Frecture Rock Metrix
Matrix |

TOw | Moderatsly to densely weided Saturation about 07 6 1 Modem | Modem c-14 AIB Section 1.12a
Bulk Density 223 Tritium GeologicLithologic
Porosity 0.1 Saturated Hydraulic Conductivity C-36 Stratiqraphy &
Thermal Conductivity 1.39 WimK about 1 x 10° oyt Hyd:iogic Properties
Fracture Donsity 35 tracm® :
About 810 Sampies Abour 40 Samples

PTn | Nonwoided Saturation about 0.5 0 6 Modem | 2,000 (SD-12) C-14, Recent Project Repors
Bukk Density 1.39 Near 3,000 {SD-T) Tritum and TDB Submittals
Porosty 0.4 Saturated Hydraulic Conductvity Fauks Baselne. RIB Section
Thermal Conductivity 0.57 WimK about 7 x 10 mmiyr 1.12a GeologicA. thologic
Fractur Densty t frac/m’ Siragraphy A Hygro-
About 690 Samples About 85 Sampies geologic Properties

Tse | Modezmely to densely welded. Saturstion about 0.7 4 1 Modem | Perched water at basal C-14, Recent Project Reports &
Buk Density 2.20 Near vitrophyre: Tritium TDB Submittais
Porosty 0.4 Saturated Hydraulic Conductivity Fauls 2.100-2,700 (NRG7a) Basaline. RIB Section
Thermal Conductivity 1.23 WimK about 1 mmiyr 4 000-5,000 (S0-9) 1.12a Geologic/ ithologec
Fracture Density 25 +acim’ §,700-5,200 {UZ-14) Stratigraphy & Hydro-
About 2100 Sam~les About 285 Samples geologic Properties

crn | Nonwelded {vitric and zeokic) Saturation about 0.9 oviric | avric | Modem | 500 (UZ-148 5D-9) C-14, Recent Project Reports
Bulk Dansity 1.74 Near 3,000 {SD-12 & SD-7) Tritiam, 4 TDB Submittals
Porostty 0.3 Satursted Hyoraulic Conductivity 25 05 Faults C-36 Baseline. RIB Section
Thermal Conductivty 1.20 W/mK about 1 x 10° mmyt (viric)and 1 | Zeoktic | Zeoktic 1.12a Geologic/Lithologic
Fracture Densty 1 facm’ mm/yr (200Hiic) Siratigraphy & Hydro-
About 1300 Samples geologic Properties

EL L About 220 Samples

Narem viensd ages rangs from 20 * 000 to 2 mon yeers

HAYESE97 PAT 125 NWTRBES-24.97 4



In Situ Thermal Testing

ESF Alcove 5
Objectives Thermal Test Facility

Estimate temperatures,
determine effects of heat on
moistire, chemistry, corrosion
and rock stresses

Compare predictions with
measurements in small-scale
(single heater) test

Extend small-scale model to
drift-scale test to calibrate
model at large scale

Centerl o @ .= 28+27 ESF Main Drilt :

T yrenvd izs e 30 o

HAYESSR? PPT 125 NWTHB®S.24.97 5



Thermal Testing: Single Heater Test

One 5 m-long heater, 4 kW Single Heater Test

Borchole Perspective

530 sensors, 41 holes
Heated rock volume > 1600 m3
Rock heated above 100°C ~ 20 m3

Heater started August 26, 1996, o h“;f.., AWV,
and was turned off May 28, 1997, }
beginning cool-down phase

wenes Heater
Data will be available to e e
wat— “ydﬂ\lngk‘al

support VA e Cheraical

HAYESHAT? PPT 125 NWTRBB-24-97 ¢



Single Heater Test Key Results

Single Heater Test:
Mechanical Results

0

Single Heater Test:
Thermal Results

0 - —— ——

]
Displacement (mm)

Tiens (duwys)

U O i o

HAYESEST PPT 125 NWTRBS-24-97 7



Single Heater Test:
What We Have Learned

« Temperature predictions are consistent with
measured temperatures

e Deviations from the predicted T/M were not
unanticipated due to recognized limitations in
modeling approach (difficult to account for fracture
effects); simple elastic model is insufficient

« Water is mobilized by heat (as expected)--fractures
play key role in the mobilization

o Near-field gas chemistry under heated conditions is
dominated by water vapor and carbon dioxide

« Water-chemistry results are consistent with modeled
predictions of near-field chemical evolution

HAYESS07 PPT.125 N WTRBA.24-97 68



Thermal Testing: Drift Scale Test

Induce Accelerated Near-Field Processes Drift Scale Test

Heated Drift: 47.5 m long, 5 m diameter Borehole Perspective

147 holes, total length: 3,300 m ' _

9 canister heaters: 7.5 kW each

50 wing heaters: Inner Segments 1150 watts ea
Outer Segments 1720 watts ea

Heating duration: upto 4 yrs

Rock heated volume: >200,000 m?

Rock heated above 100’ C:>10,000 m?

Tota! sensors: 3,500

Data collection system: approx 5,000 channels

Limited data will be available to support VA, but

LA and performance confirmation are the

primary customers

Middle

Upper Lith Non-Lith Lower Lith
Porosity 0.15 0.11 0.13
Initial
Saturation 0.8 0.9 0.8
Thermal 1.7(wet) 2.0(wet) 2.3(wet)
Conductivity
w(mo°k) 1.2(dry) 1.7(dry) 1.6{(dry)

ermeability 0.02D 0.01D 0.005D

E1 . NG PP ¥
HAYESD07.PPT 125 NWTREUS-24-97 ©



z fm}

Thermal Testing: Drift Scale Test
Near-Field Performance Predictions

' Thermai - Hydrological Situation after 4 Years of Heating
(3.6 mmyr infitration, 100%/50% heating achedule,
ECM, uniform heat inpist slong drift wak)

n-oulmlmn-uummmummmun

x fm}
i
NE G4 Me WS ”.‘ Hes e b
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C-Well Testing

Objectives L
» Obtain hydraulic properties m Borehole g
of the volcanic aquifer i ey -
through aquifer testing _ / _
o Estimate flow and transport = ,," ._
parameters from field tests I . mm[
e Confirm transport i
parameters measured in the / . B
{aboratory .UE"“_"m“‘,a/ Infemred direction |
_ S’ S~ _
-~ a17m
_ Soee |
Borehole
-~ UE-25C #2 -
| 1 i 1 i 1 1 .

o Borehole location at fand surface
e Average borehole location in lest interval

HAYES80? PPT.125 NWTRBA-24-57 11



C-Well Testing:
What We Have L earned

Range of derived transmissivities is 100 ft2/day (Calico
Hilis) to 20,000 ft?/day (Lower Bullfrog)

Hydrologic units at this location display anisotropy and
lateral heterogeneity

Measured dispersivity is about 2 m, consistent with
measurements at other sites at this scale

Transport is compiex due to heterogeneity; suggests
likely important dilution and dispersion effects at larger

scale

Tracers display strong matrix diffusion; suggests
radionuclice travel times will be greater than ground-
water travel times, and concentrations will be reduced

HAYESE? PPT 125 NWTRBS-24-97 12



Implications for Radionuclide Transport

e From lab results confirmed at
T *he c-wells:

— Mechanical dispersion and
matrix diffusion will reduce
concentrations at this site

— Flow and transport data
adequate for design ar.d
performance assessment

« From tue regional fiow model:

_ General direction and
magnitude of flow known

— Closed basin; no transport
to major population areas

|

HAYESH7 PR1  25.NWTRB/8-24-87 13



Niche Moisture Studies

o Niche studies focus on seepage
into drifts and will gy

M k1
Ao

IR 1L LN
3 ezt

— Examine fracture/matrix
interaction and effective
wetted area of fractures

Determine threshold flux
conditions associated with
seepage into drifts

~ Provide data to test models
o1 processes affecting
seepage (e.g., capillarity,
effects of heterogeneity,
dynamic effects)

 Limited data will be available to
support VA, with full analyses
being available for VA

> g

HAYESSUT PPT 125 NWTRBB-24-97 14



\f d'lC‘%l‘Ud\" determines seepage mto drifts

bl Hion = S pere ul o’ :;144 I

& Diversion of liquid
. release above the B
: Crown mmnm/c | - ese

Main an!;'
(i rlp\ ‘

r* ls()!ahm' from main- |

v RN . - C Phasa |
~drift pfovides . ot p v
“post-€mplacenmient high' |
humldlt\ conditions

~

I ()ml fraciure netwoyh
and’ hetcfwu‘mwi\ determine dhe flow.
- paths to the drift :

I\uhe monitoring captures pot vntml fast Tl(m pulses -

Niche alcove and drift-drift studies fead tn_ hetter n_-prvsmmxtiun
of multi-dritt repository | I y

HAYESS87 PPT 125 NWTRB/S-24-97 15
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Magnitude of Uncertainty

Focusing the Science Program

VA LA
TSPA-VA TSPA-LA
Performance
Confirmation
Testing
identifying Increasing Narrowing
Uncertainties: Confidence: " Bounds:
Geologic Mapping Lab & Pilot Testing Performance Confirmation
Borehole Analyses ESF/Cross-Drift Testing Upgrading Analyses
Rock Properties Niche Stxdies Continued Baseline Monitering
Hydrologic Properties Thermal Testing
Geochemistry Mode! Confirmation
Percolation Flux Studies
Saturated Zone " »sting
Continued Bassline Monitoring o con meomram e

HAYESS? PPY 125 NWTRBA-24-97 17



