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Abstract

The Yucca Mountain Site Characterization Project is studying Yucca Mountain in

southwestern Nevada as a potential site for a high-level nuclear waste

repository. Site characterization includes surface-based and underground

testing. Analyses have been performed to design site characterization

activities with minimal impact on the ability of the site to isolate waste,

and on tests performed as part of the characterization process. One activity

of site characterization is the construction of an Exploratory Studies

Facility, for which many design options are being considered, including

shafts, drifts, and ramps. The information in this report pertains to' (i)

engineering calculations of the potential distribution of residual water from

constructing the shafts and drifts; (2) numerical calculations predicting the
movement of residual construction water from the shaft and drift walls into

the rock; and (3) numerical calculations of the movement of residual water and

how the movement is affected by ventilation. This document contains

information that has been used in preparing Appendix I of the Exploratory

Studies Facility Design Requirements document for the Yucca Mountain Project.
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The work reported here was conducted under Work Breakdown Structure (WBS)
element 1.2.1.4.7.
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1.0 INTRODUCTION

The Yucca Mountain Site Characterization Projectls studying Yucca Mountain in

southwestern Nevada as a potential site for a hlgh-level nuclear waste

, repository. Site characterization includes surface-based and underground

testing. Underground testing is to be facilitated by the construction of an

Exploratory Studies Facility (ESF), 1 for which many design options are being

considered, including shafts, drifts, and ramps. Water will be used during

construction of the exploratory facility to drill holes for emplacing

explosives, as well as for dust control during tunnel boring and mining

operations. There may be some potentlal for thls water to be retained and

distributed in the surrounding rock and affect potential repository

performance and experiments. This report describes calculations that evaluate

the movement of the water retained in the rock walls and not removed during

the mucking operation associated with sinking of shafts and driving of drifts.

The results of the calculations will be used to support ESF design, will be

incorporated in the Exploratory Studies Facility Design Requirements document

(ESF DR), and will be available for guidance in monitoring saturation levels

near shafts, drifts, and ramps, and in locating experiments.

These calculations constitute one of eleven ESF analyses performed in support

of the ESF DR. The particular analysis described in this report is ESF

Analysis Number 2, and it evaluated the movement of water used for the

construction of shafts and drifts in the ESF. The calculations and analyses

performed for ESF Analysis Number 2 were conducted as Quality-Related in

accordance with Sandia National Laboratories' implementation of the Yucca

Mountain Project Quality Assurance plan and were controlled by Problem

Definition Memo (PDM) 72-30.

The definition of this ESF Analysis supported the ESF Title I Design [YMP,

1989], which included the use of shafts for access from the surface to the ESF

and other underground drifts. However, as a result of the recent ESF

Alternatives Study, the preferred preliminary designs use access ramps and not

shafts. The use of shafts has not been entirely ruled out, b_:t it is no

longer the dominant means of access to the underground faciliuy. This

analysis makes an initial attempt to determine the effects of drillin_ ,,Tater

used for underground excavation on experiments and potential repository

performance, lt is expected that ramp walls will experience similar effects

as the drift walls, and that later refinement of these calculations will be

necessary based on proposed ramp and drift sizes and new hydrogeologic
information from Yucca Mountain.

These calculations are based on available data and on the present conceptual

understanding of the processes and mechanisms perceived active at Yucca

, Mountain. Due to our limited knowledge of Yucca Mountain prior to site

characterization, the hydrogeological conceptual model, existing conceptual

models of the physical processes, and the mathematical models used in these

analyses are not validated. Therefore, considerable uncertainty exists in

° these results. Recommendations based on the results of these analyses are

intended to provide guidance for applying engineering judgment during the

= i. The Exploratory Shaft Facility was renamed the Exploratory Studies

Facility in February 1991.
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design, construction, and operation of the ESF, and therefore must provide
relevant results to the architects and engineers who design the ESF.

Refinement of the results is an ongoing and iterative process, which must
complement site characterization. These calculations may be refined as better

understanding evolves through site characterization and through additional

analyses, which will address uncertainties and the sensitivity of the results .,

to alternate conceptual models.

2.'0PROBLEM DEFINITION _'

PDM 72-30 describes the analyses as an extension of a previous work [Peterson

et al., 1988], a collection of technical letters which describes analyses done

in support of a preliminary evaluation of ESF construction on the in-situ

experiments and postclosure radionuclide transport. Appendix A from Peterson

et al. addresses the distance to which rock could be affected when up to 10%

of the expected construction water is retained in the walls of the shafts and

drifts. The initial conditions were that the rock is unsaturated, the

fractures are essentially dry, and the refrained construction water enters the

rock at a rate that initially saturates only the fractures. An estimate of
the distance that water would travel from the shaft and drift walls was made

by a geometric calculation based on the volume of retained water and the

capacity of the initially unsaturated fractures (fracture poros[.ty). The

results of these calculations indicated that at the Topopah Spring repository

horizon, 10% of construction water can be stored in fractures within 24 m of

the centerline of the shafts. Appendices B and C from Peterson et al. show

analyses of the time-dependent, one-dimensional, radial (for a shaft) or
cartesian horizontal (for a drift) flow of the residual construction water in

the rock matrix adjacent to the shaft and drift liners. These calcu'_ations

were performed using NORIA [Bixler, 1985] for saturation levels out to 25 ,n

from the shaft centerline and for times up to i000 years. The steady-state

surface infiltration rate was assumed to be 0.I mm/yr. In Appendix B, the

increase in saturation at radial distances greater than 5 m from the shaft

centerline was less than 0.03. In Appendix C, the additional effects of drift

ventilation on the movement of water were included. This study indicated that

changes in the saturation of the rock near the drift walls is completely

dominated by ventilation and that the walls may reach a saturation level less

thnn their original state. Ali of these calculations were originally

performed at Quality Assurance Level III, which is now referred to as "Not

Quality Related."

in this extended study, the effects of shaft and drift construction water were

studied in two sets of analyses' uniform distribution limiting cases, and

time-dependent water flow cases. The first set of calculations estimated the

effects of the absorbed water assuming uniform distribution of the water into

the rock. Included in this set of calculations are the following'

calculations to predict the radial distance that retained water would move if

the water initially flowed only in the fractures; the resulting change in

saturation if that water were then imbibed into the matrix; and separate

calculations to determine the change in saturation due to the uniform '-:
distribution of the retained water in the matrix as a function of the radius

ft'oreshaft, centerline (or, for drifts, the distance from tlle wall surface).

The construction water retained in the rock walls wi].l probably be

nonuniformly distributed, with more water absorbed near the shaft or drift
wa]] than in the rock. The second set of calculations were for a one-



dimensional, transient flow, a,_d were pecformed to evaluate the radial

horizontal movement of initially ilomu_i__,rmly distributed water. The results

of these analyses include saturation profile plots at selected times dur[_g

the analysis. The goals of the analyses of shaft and drift construction wat_(,_'

movement were the following:

• Using the most current, widely accepted boundary conditions for

steady state infiltration rate, volume of water used for drilling aLld
excavation, fraction of the water retained in the disturbed rock, al_d

ventilation, determine the potential effects of shaft and drift

construction water on repository performance; and

• Using the same calculations, determine the potential effects on

experiments to be conducted in the ESF, and set guidelines for

locations of experiments.

3.0 UNIFORM DISTRIBUTION - LIMITING CASES

3,1 Discussion of Calculations

The work described in Appendix A of Peterson et al. was repeated as a Quality-

Related activity that extended the range of water-retention factors. In the

original work, a set of geometric calculations was written up as a FORTRAN

program to allow the calculation for a number of cases. The FORTRAN programs
used in the original work were incorporated into an EXCEL 2.2 spreadsheet for

this analysis. Combined listings of this spreadsheet for all the cases

discussed below are included in Appendix A. The results of the spreadsheet:

calculations, with all of the original values for the various parameters_ were

compared with the results of the FORTRAN programs of the original work for

verification. These spreadsheets performed calculations for the following

limiting cases as described in the above reference:

Case I. The rate at which water enters the walls during sinking of sl__[_Ls

or driving of drifts is assumed to be so rapid that the water flow is
predominantly through the fractures. Afterwards the water is imbibed

from the fractures into the surrounding rock matrix.

Case 2. The rate at which water enters the walls during sinking of shafts

or driving of drifts is assumed to be so slow that the water flow is

predominantly into the host rock matrix with negligible fracture flow.

For these analyses, it was assumed that the fractures had a small initial.

residual saturation and that t:hematri× initial saturation was low enough tl_[
when the water moved from the fractures into the matrix, the matrix did not

become fully saturated. The hydrogeologic units that were included in the._;e

° analyses are referred to in this report as the following [Ortiz et al., _O_'_I:

• Tiva Canyon (Tiva Canyon welded unit, TCw),N.

• Paintbrush Tuff (Upper Paintbrush nonweld,_P unit, PTn),

• Topopah Litho (Topopah Spring welded unit, lithophysae-rich, TSwl),

• Topopah Rep (Topopah Spring welded unit, lithophysae-poor, TSw2, _it

the potential repository _lori.::Oll), and

• Calico Hills (Calico }li]Is l_ollwe,lded unit, CHI]), respectively.



Case 1

Calculations were performed for the shaft and drift geometries to determine
the ,distance that water retained from construction could move from the

excavated wall surface into the rock if the water is assumed to initially

saturate the fractures and not be absorbed into the matrix. The Case 1

analyses apply to the shaft and drift, with slightly different geometries and

drilling water requirements for the two situations. For both analyses, the

residual drilling water is assumed to enter the rock at a rate such that it

initially stays in the fractures, uniformly filling them out to a radius, R,

which is determined from the conservation of retained water. The change in

the matrix saturation that would occur when the water from the fractures moved

into the matrix was also calculated. It is assumed that for longer times, the

extremely large capillary forces that are found in tuff rock, pull the water

from the fractures into the rock matrix, thus providing a means to approximate

the expected increase in saturation in the host rock between the walls at

radius Ro, and t|,e fracture fill radius, R (see Figure 1 in Appendix C).

For the evaluation of Case I, it is first assumed that th!_ flow is entirely

through the fractures. The fill radius R is the radius tb which the fractures

would fill for a given percentage of drilling water left ![n the shaft or drift

after d[illing. This fill radius is also dependent on thi_ fracture porosity

of each material. The only assumptions made about fracture characteristics

are that they are sufficiently connected to allow continuous flow, and that

their volume within the host rock is described by the fracture porosity.

Equation i, based on the conservation of mass, where the available volume in

the fractures equals the volume of water retained for this scenario, is

j nV + Ro2 , (!)
R = _4f (I - Srf)

where R = the fill radius to which the f_actures are saturated (m); n = the

fraction of the construction water left in the rock (non-dimensional); V = the

total volume of construction water used per meter of drilling (m3/m); _6f =

fracture porosity (non-dimensional)', stf = residual saturation of the

fractures (non-dimensional); and R o = outside radius of the concrete shaft

].iner (m).

ill these calculations, the radius of the outside of the shaft conc1:ete li,,e_"

was assumed to be 2.21 m (see Figure 1 in Appendix C). For the drift casc_,

the drift geometry s]_own in Figure 2 in Appendix C was used as the basis for

the calculations. The drift was analyzed as a right circular cylinder having

the same circular area as the drift shown in Figure 2. This resulted in the

d2.-ift being analyzed as a circle with a radius of 5.38 m. Equation 1 was a]so

used for this case with the inside radius of the drift wall, Ro , equaling

B.38 m. Both of these geometries were obtained from the Title I Design of the _'
ESF.

The expected amount of water to be used in the shaft sinking operation for the

Title I design is 230 gal/ft (2.856 m3/m), and the expected amount of water t-o

be used in the drift excavating operation is 2_5 gal/ft (2.918 m3/m). 'Fhes__.



values were obtained during a personal communication with Ralph Musick of

Raytheon Services Nevada.

The calculations for Equation i are shown in Appendix A for the shaft and the

drift. The fill radius is calculated as a function of the percentage of

drilling water not removed during mucking operations. Figure 3 in Appendix C
• illustrates the fracture fill radius for a shaft for water retention rates up

to 10%; it can be seen from Appendix A that results for the drift are similar.

Note that the fill radius for a material is inversely proportional to its

fracture porosity.

After the fractures are filled, the water is imbibed into the surrou_ding

matrix material through capillary suction, in a volume based on the same total

radius, R. The resulting change in saturation is calculated as a function of

matrix porosity. The equation for the saturation increase based on
conservation of water volume is

_f (I - stf)
(sf - Si)m = _ - (2)

_m

where (sf - si) m = matrix saturation increase (non-dimensional); (i - Srf) =

fracture saturation decrease (nen-dimensional); _f = fracture porosity (non-

dimensional); and _m = matrix porosity (non-dlmensional). As shown by

Equation 2, the increase in saturation does not depend on the radius to which

the f_actures are saturated. The increase is dependent on the fracture

porosity and residual saturation, and the matrix porosity. To investigate the

effect of matrix porosity on the change in saturation for each hydrogeologic

unit, calculations Were performed using the fracture characteristics for each

unit for varying matrix porosities ranging from 0.05 to 0.5. The results of
these calculations are shown in Appendix A.

Case 2

In this case, it is assumed that the primary driving force for the transport

of water into the rock is capillarity. Additionally, it is assumed that the

water distributed between R and Ro is at uniform saturation. Equation 3 is an

expression for the conservation of water under these assumptions.

nV
(sf - si) m = . (3)

_m_ (R2 Ro2 )

The change in saturation is calculated as a function of the percentage of

• water remaining in the shaft or drift after drilling (the retention rate n)_
and as a function of the fill radius. The calculations of saturatior, increase

J% andas a function of fill radius were done for retention rates of 10%, i_° ,

"_ 20%, and are shown in Appendix A. Figure 4 in Appendix C shows the increase

in matrix saturation for varying fill radii resulting fro_ 15% of the drilling

water remaining in the rock wall of the _haft.

| , ,,



3,2 Results

These analyses assumed the distributiolt of the retained water was uniform',

however, this is probably not true. Therefore, to investigate the potential

effects of the initial distribution of the retained water, time-dependent,

one-dimensional calculations were performed using the NORIA-SP finite element
code.

4.0 TIME-DEPENDENT WATER FLOW IN SHAFT

4.1 Discussion of Calculations

In these calculations, time-dependent, one-dimensional radial flow of the

residual drilling water in the rock matrix adjacent to the shaft liner is

modelled. The water is assumed to be in isothermal matrix/fracture

equilibrium at ali times. The water is transported as a result of pressure

gradients. As designated in PDM 72-30, the computer program NORIA-SP [Hopkins

et al., 1991] was used to perform the time-dependent calculations. NORIA-SP

numerically solves the two-dimensional Richards' equation for single-phase
flow (liquid water) in porous media using the composite fracture/matrix

porosity model. When using NORIA-SP, it is necessary to describe the material

characteristics, such as saturation and permeability, as a function of
pressure head. This is done in two user-written subroutines, PERM and FLUIDC.

An additional condition of ventilation through the shaft is also considered in

the calculations (through the use of Equation 4, which is discussed later).

The following assumptions were used for the time-dependent analyses.

• The stratigraphy used was that for well USW G-4, obtained from the
Reference Information Base (RIB).

• The hydrologic properties used were the current best available data

from USW G-4 and USW GU-3 [Peters et ai., 1984]. These hydrologic
properties were used to maintain consistency with other calculations

performed for ESF Analyses. Appendix B contains a list of ali

hydrologic properties used for this analysis. The hydrologic

properties in each layer were assumed to be homogeneous and isotropic
throughout that layer.

• A steady-state infiltration of 0.01 mm/year was specified as the
initial condition. This infiltration rate was chosen, rather than

the rate of 0.I mm/year used by Peterson et al., because of various

recent works. Weeks and Wilson (1.984) report a vertical flux of

beF.ween 0.003 and 0.2 mm/yr in the Topopah Spring member at USW-HI.

Montazer and Wilson (1984) report a vertica] flux of between 10 -4 and

10 -7 imn/yr in the Topopah Spring member at USW-GI.
e

• The steady-state conditi.ons used for initial saturation in these

analyses w_re those from the NORIA-SP calculations performed under

PDM 72-29, which determined the steady-st:ate _aturation l.evels

throughout the stratigraphy. A st.eady-state infiltration rate of

0.01 mm/yr was specified in PDM 72-29, The._e s!_.eady-state conditions
served as the initial state ("time zero") for the time-dependent flow

calculations. Tha calculated steady-state saturation levels were



within the range of values recorded in the RIB for ali the

1,/drogeologic members except the PTn member.

• The shaft problem was set up as a two-dimensional, axisymmetric

computational gild. A grid of I m height and 25 m radius, with the
radius of the shaft conc.rete wall equal to 2.21 m, was used io_° c,_i,_

of the four selected materials (Tiva Canyon, Paintbrush, Topopah

, Springs, and Calico Hills). The small height of the grid, and t.},e
fact that the major source of pressure head is from the shaft wail

and not from above, combine to make the effects of gravity negligible

to this problem; although gravity is still in the equation, the
NORIA-SP calculations are, in effect, "one-dimenslonal."

• The portion of the grid within the modified permeability zone (MPZ)
is defined for the shaft as one shaft radius from the shaft wall

[Case and Kelsall, 1987]. _]I hydrologic properties in the MPZ are

the same as in the unmodified zone, except for the bulk-rock

perr_eabil_ty, which is 80 times higher than the bulk-rock

permeability ip the urunodified zone. 2 The drilling water will most

likely be nearly evenly distributed in this region before being

transported into the unmodified zone through capillary action.

Therefore, the initial distribution of drilling water in the MPZ

should have little effect on the time-dependent results, and is t_h_:_

set to a uniform saturation equal to the amount determined from tlw

limiting-case analysis for a fill radius of 4.42 m.

• The following parameters for the expected amount of water used ii_ the

sinking operation, and the percentage of water retained, or not

pumped out of the drill hole, were obtained during a personal

communication with Ralph Musick of Raytheon Services Nevada, and are
based on the Title I Design of the shafts in the ESF'

Water used for shaft sinking = 230 gallons/ft (2.856 m3/m)

Percent of construction water not removed (expected retention factor)
= 15%

• Appendix B from Peterson et al. was Used as a reference for the setup

of these calculations. Appendix C from Peterson et al. and SAND86-

1571 [Hopkins, Eaton, Sinnock, 1987] were used as references for the

ventilation boundary condition. For the case of no ventilation, the

shaft wall boundary had a no-flow boundary condition. For the case

with ventilation, the shaft wall had a pressure head boundary

condition described by the equation

2. See Section 6.0 for a discussion on the interpretation of the results ol

Case and Kelsall as used in this ailaly._;is.



W . --RTIn _-__u (4),

Mg I00

where W l pressure head (m), J

R - universal gas constant - 8.314 X 103
(kg-mol) (K) ' -

T - ventilation temperature - 299.15 K ,

M - molecular weight of water = 18.0 kg/kg-mol ,

g - gravitational constant - 9.8 m/s 2 , and

u - relative humidity = i0.0 %.

The boundary condition subroutine changed the shaft wall boundary

values from ambient to the above condition gradually over a period of

one day. For these calculations, the ventilation boundary condition

was maintained over the entire calculational period (i000 years); in

reality, the shafts will be backfilled after the 100-year active life

of the repository.

• The other vertical boundary of the computational grid had a no-flow

boundary condition. The top and bottom boundaries also had no-flow

boundary conditions.

The following time-dependent flow calculations were performed for each of the

four materials (CHnz, TSw2, PTn, TCw) with the expected amount of water:

• One calculation at the expected retention factor, with no
ventilation, and

• Three calculations, with ventilation, at retention factors 10%, 15%,
and 20%.

4.2 Resu%ts

The results of the shaft construction water calculations are presented in

Figures 5 through 33 in Appendix C. The figures are grouped in this manner:

Tiva Canyon - Figures 5-12

Paintbrush - Figures 13-19

Topopah Springs - Figures 20-27
Calico Hills Figures 28-33

The first figure in each group plots saturation as a function of the radial
distance from the shaft centerline, with the shaft wall at radius = 2.21 m and

the end of the MPZ at radius = 4.42 m, with the expected amount of drilling

water, retention rate, and no ventilation, and at various times up to I000

years. The next few figures in each group (the number varies between groups)

plot the radial extent of a specified absolute change in saturation as a

function of time. For example, the plot for a change in saturation of 0.001

from in-situ saturation in Tiva Canyon means a change from the in-situ
saturation of 0.732 (73.2%) to a saturation of at least 0.733 (73.3%). The

last three figures in each group show the effects of ventilation on the

saturation of each stratigraphic member, by plotting saturation as a function
of the radial distance from the shaft centerline.



For the purposes of this discussion, it is assumed that a significant (i.e.,
measurable) change in saturation, Asat, is a deviation from the in-situ

saturation level of at least 0.005; that is, Asat _ I±0.0051. The standard

deviation of previous measurements of in-situ saturation are much larger than
• this (as indicated in the RIB), so this is a conservative, yet reasonable

statement, The following conclusions about the effects of shaft construction

-- water on each of the stratigraphic members can be drawn from Figures 5-33'

Tiva Canyon (TCw) - Significant change in saturation is confined to

within I0 m of the shaft centerline during the active life (the first i00

years) of the repository facility, for the case with no ventilation

(Figure 5). Figures 6-9 in Appendix C illustrate the extent of

dispersion by the radial extent of the change in in-situ saturation. As

- the change in in-situ saturation increase, the radial extent of the

change in saturation decreases. The effects of ventilation are much

greater, with significant effects to in-situ saturation seen out to 15

meters during the active life of the facility (Figures 10-12).

Paintbrush (PTn) Significant change in saturation is confined to within

roughly 6 m of the shaft centerline during the active life of the

repository facility, for the case with no ventilation (Figure 13).
Figures 14-16 in Appendix C illustrate the extent of dispersion by the

radial extent of the change irl in-situ saturation. Figures 15 and 16

indicate that the saturation in the MPZ reverts back to approximately the

original in-situ level. The effects of ventilation are insignificant

outside the MPZ (Figures 17-19).

Topopah Springs (TSw2) - Significant change in saturation is confined to

= within i0 m of the shaft centerline during the active life of the

repository facility, for the case with no ventilation (Figure 20).

Figures 21-24 in Appendix C illustrate the extent of dispersion by the

radial extent of the change in in-situ saturation. As the change in in-

situ saturation increase, the radial extent of the change in saturation

decreases. The effects of ventilation are much greater, with significant

- effects to in-situ saturation seen out to 20 m during the active life of

the facility (Figures 25-27).

Calico Hills (CHn) - Significant change in saturation is confined to

_ within 6 m of the shaft centerline during the active life (the first I00

years) of the repository facility for the case with no ventilation

- (Figure 28). Figures 29 and 30 in Appendix C indicate that the
saturation in the MPZ reverts back to approximately the original in-situ

level. The effects of ventilation are much more dramatic, with

significant effects to in-situ saturation seen out to 25 m (the boundary

• of the computational grid) during the active life of the facility, and

out to nearly 20 induring the first ten years of the facility (Figures
- 31-33).

-
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5.0 TIME-DEPENDENT WATER FLOW IN DRIFT

5.1 Discussion of Calculations

In these calculations, time-dependent, one-dimensional flow of the residual

drilling water and in-situ pore water in the rock matrix adjacent to the drift °

walls is modelled. The water is assumed to be in isothermal matrlx/fracture

equilibrium at all times. The water is transported as a result of pressure

gradients. As designated in PDM 72-30, the computer program NORIA-SP [Hopkins

et al., 1991] was used to perform the time-dependent calculations. NORIA-SP

numerically solves the two-dimensional Richards' equation for single-phase

flow (liquid water) in porous media using the composite fracture/matrix

porosity model. When using NORIA-SP, it is necessary to describe the material

characteristics, _u_h as saturation and permeability, as a function of

pressure head. This is done in two user..written subroutines, PERM and FLUIDC.

An additional condition, of ventilation through the drift, is also considered
in the calculations.

The following assumptions and decisions were used for the time-dependent

analyses (most of these are similar to those for the shaft calculations)'

• The stratigraphy used was that for well USW G-4, obtained from the
RIB.

• The hydrologic properties used were the current best available data

from USW G-4 and USW GU-3 [Peters et al., 1984] (see Appendix B).

The hydrologic properties in each layer were assumed to be

homogeneous and isotropic thzoughout that layer.

• A steady-state infiltration of 0.01 mm/year was specified as the
initial condition.

• The steady-state conditions used for initial saturation were those

from the NORIA-SP calculations performed under PDM 72-29, which

determined the steady-state saturation levels throughout the

stratigraphy. A steady-state infiltration rate of 0.01 mm/yr was

specified in PDM 72-29. These steady-state conditions served as the

initial state ("time zero") for the time-dependent flow calculations.

The calculated steady-state saturation levels were within the range

of values recorded in the RIB for all the hydrogeological members

except the PTn member.

• The drift problem was set up as a two-dimensional, cartesian region.

A grid of 1 m height and 25 m width was used for each of the two

selected materials for drift construction (Topopah Springs and Calico

Hills). The elements start at X=0 m at the drift wall, and extend to

25 m. The small height of the grid, and the fact that the i_ajor

source of pressure head is from the drift wall and not from above,

combine to make the effects of gravity negligible to this problem;

although gravity is still in the equation, the NORIA-SP calculations

are, in effect, "one-dimensional."

• The portion of the grid within the MPZ is defined for the drift as

2 76 m from the drift wall [Case and Kelsall, 1987]. Ali hydrologic
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properties in the MPZ are the same as in the unmodified zone, except

for the bulk-rock permeability, which is 80 times higher than the

bulk-rock permeab,ility in the unmodified zone. Therefore, the
initial distribution of drilling water in the MPZ was set to a

uniform level equal to the amount determined from the limiting-case

analysis for a fill radius of 2.76 m.

• The following parameters for the expected amount of water used in the

drift excavating operation, and the percentage of water retained, or

not pumped out of the drift, were obtained during a personal

communication with Ralph Musick of Raytheon Services Nevada, and are

based on the Title I Design of the drifts in the ESF:

Water used for drift driving = 235 gal/ft (2.918 m3/m)

Percent of construction water not removed (expected retention factor)
= 15%

• Appendix C from Peterson et al. was used as a reference for the setup

of these calculations, and SAND86-1571 [Hopkins, Eaton, Sinnock,

1987] was used as the reference for the ventilation boundary

condition. For the case of no ventilation, the drift wall boundary

had a no-flow boundary condition. For the case with ventilation; the

drift wall had a pressure head boundary condition described by

Equation 4. The boundary condition subroutine changed the drift wall

boundary values from ambient to the above condition gradually over a

period of one day. For these calculations, the ventilation boundary

condition was maintained over the entire calculational period (I000

years); in reality, the shafts will be backfilled after the iO0-year

active life of the repository.

• The other vertical boundary of the computational grid had a no flow

boundary condition. The top and bottom boundaries also had no-flow
boundary conditi0ils.

The following tilne-dependent; flow calculations were performed for each of the

two materials (CHnz, TSw2) with the expected amount of water'

• One calculation at the expected retention factor, with no

ventilation, and

• Three calculations, with ventilation, at retention factors 10%, 15%.
and 20%.

5.2 Results

The results of the drift construction water calculations are presented in

• Figures 34 through 47 in Appendix C. The figures are grouped in this manner'

Topopah Spril_gs - l,'igures 34-41

" Calico l-lills - Figures 42-47

The first figure i.n each group plots saturation as a function of the
horizontal distance from the drift wall, v;ith the end of the MPZ 2.76 m from

the wall, with the expected amount of drilling water, expected retention rat:e,

and no ventilation, and at various times up to i000 years. The next few
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figures in each group (the number varies between groups) plot the horizontal

extent of a specified absolute change in saturation as a function of time,

For example, the plot for a change in saturation of 0.001 from in-situ

saturation in Tiva Canyon means a change from the in-situ saturation of 0.732

(73.2%) to a saturation of at least 0,733 (73.3%), The last three figures in

each group show the effects of ventilation on the saturation of each

stratigraphic member by plotting saturation as a function of the distance from
the drift wall.

For the purposes of this discussion, it is assumed that a significant (i.e.,
measurable) change in saturation, Asat, is a deviation from the in-sltu

saturation level of at least 0.005; that is, Asat _ i±0.0051. The standard
deviation of previous measurements of in-situ saturation vre much larger than

this (as indicated in the RIB), so this is a conservative, yet reasonable

statement. The following conclusions about the effects of drift construction

water on each of the stratigraphic member_ can be d_awn f'_om Figures 34-47:

Topopah Springs - Significant change in saturation is confined to

approximately I0 m of the drift wall during the active life of the

repository facility, for the case with no ventilation (Figure 34).

Figures 35-38 in Appendix C illustrate the extent of dispersion by the

radial extent of the change in in-situ saturation. As the change in in-

situ saturation increase, the radial extent of the change in saturation

decreases. The effects of ventilation are much greater, with significant

effects to in-situ saturation seen out to 20 m during the active life of

the facility (Figures 39-41).

Calico Hills - Significant change in saturation is confined to within 4 in

of the drift wall during the active life (the first i00 years) of the

repository faci].ity, for the case with no ventilatio'.l (Figure 42).

Figures 43 and 44 irlAppendix C indicate that the saturation throughout

the rock in the drift wall reverts back to approximately the original in-
situ level. The effects of ventilation are much more dramatic, with

significant effects to in-situ saturation seen out to 25 m (the boundary

of the computational grid) during the active life of the facility, and

out to nearly 20 m during the first ten years of the facility (Figures
45-47).

6.0 DISCUSSION OF THE MODIFIED PERMEABILITY ZONE MODEL

The modified permeability zone model described by Case and Kelsal]. (1987) is

used in this report to descrlbe the characteristics of rock disturbed by

shaft/drift excavation processes. Using both experimental results and

analysis, Case and Kelsall evaluated the change in bulk-rock permeability

based on stress redistribution due to excavation. They evaluated the effects °

of tunnel-boring methods separately and in combination with blasting, and

calculated an equivalent permeability for expected, lower-bound, and upper-

bound cases. The equivalent permeability was defined as the bulk-rock

permeability of the MPZ (averaged over an annulus one radius wide around the

shaft), normalized by the in-situ bulk-rock permeability of the undisturbed
rock. The results of their analyses indicate that the worst case is described

by a combination of boring and blasting excavation methods and the upper-bound

case of elastoplastic deformations; an equivalent bulk-rock permeability of 80
was calculated for this scenario.

12



There are two possible interpretations for this 80-fold increase in bulk-rock

pern_6ebility. In the predecessor to this work by Peterson et al,, this

increase was simulated as an 80-fold increase of the matrix permeability.

This interpretation is implemented in the PERM subroutine to NORIA-SP, where

the matrix permeability of the MPZ is defined as the matrix permeability of

the unaffected rock layer multiplied by 80. The reason for this

interpretation was due to the experimental results described by Case and

,. Kelsall. Water flow was induced in modified rock, and the resulting

permeability was compared to that for unmodified rock. lt is unclear from the

Case and Kelsall report if the rock is saturated during the experiment.

According to the widely used conceptual model implemented in this work, matrix
flow is the dominant flow mechanism except where the rock is very nearly or

_ completely saturated, where fracture flow dominates. The results of the work
of Peterson et al. showed the water imbibed into the [{PZ does not raise the

saturation level high enough to instigate fracture flow in any of the

hydrogeological layers (with the possible exception of the Calico Hills

layer). Thus, allowing the increase in bulk-rock permeability to be contained
entirely in the matrix is a conservative assumption. For reasons of

consistency and conservatism, this assumption is also used for the analyses

described in this report.

A second interpretation of the results of Case and Kelsall, which is probably

more correct, is that the increase in permeability in the MPZ is contained
entirely in the fracture system. According to the analysis, a redistribution

of stress will occur in the vicinity of the excavation after boring and/or

blasting. This stress redistribution results from two sources' the creation

of new fractures in the MPZ, and the opening of the apertures in the existing

fracture system due to stress relaxation. As a result, the relative fracture
volume increases. There is expected to be no change in the number and size of

pores in the matrix of the damaged rock (and, therefore, no change to the

matrix permeability). In the particular case described in the preceding

paragraph, the fracture volume, and hence the fracture permeability, are

increased by a factor of 80. According to the cubic law, the fracture

permeability is proportional to the cube of the aperture size; therefore, the

fracture aperture (and, accordingly, the fracture porosity) is increased by a

factor of approximately 4.3. Application of this interpretation of the Case

and Kel saI1 results into the model used for the problems in this analysis

would increase the amount of water initially stored in the MPZ by a negligible
amount. Consequently, the saturation in the MPZ would be below the threshold

for instigating fracture flow, according to the composite fracture/ matrix

model. Increasing the fracture permeability would have insignificant effects

on the water movement _n the MPZ. Therefore, the use of the assumption of the

increase in matrix permeability is more conservative than the fracture-based

assumption, albeit less consistent with the physical processes.

Another limitation of the Case and Kelsall study is that the analysis applies

primarily to welded ruffs, specifically the Tiva Canyon and Topopah Spring

i_ hydrogeologic layers. These layers are densely welded, highly fractured

units, with low saturated-matrix cond_ctivities and high saturated-fracture-
system conductivities. Nonwelded tuffs, such as PTn and CHn, have low

saturated-fracture-system conductivities, and tend not to fracture as much as

the welded tuffs when damaged. Therefore, the results presented for the

nonwelded tuffs have little application beyond this report.
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In determining the value of equivalent permeability for the worst case

scenario, it was assumed that blasting methods would be used in the excavatl_,J

process. Howu\,e.L',the recently published findings of the ESF Alternative

Study [Stevens and Costin, 1991] suggest that if shafts are used in the ESF

design, a mechanLcal excavation method such as tunnel-boring would be a better

way than blasting to sink a shaft with minimal disturbance to the surrounding

rock. According to Case and Kelsall, the worst case scenario without blasting
would result in an increase in the bulk-rock permeability by a factor of 40.

Therefore, the value of 80 used for the equivalent permeability in this report -
is a conservative value.

7.0 CONCLUSIONS

The analyses described in this report indicate that retained drilling water

will introduce no significant changes in saturation outside a zone of i0 m

around any shaft or drift construction, A more significant effect is that

produced by ventilation, which may dry at least 25 m of rock enough to affect

experiments. Designers may use the graphical results of these analyses to

locate experiments in relation to excavated areas.3 Because of the small

localized regions of di._t_rbance due to drilling water, and the small

magnitudes of those effects, no significant effects of drilling water on
repository performance are expected.

8.0 SUGGESTED ADDITIONAL ANALYSES

These calculations are based on available data and on the present conceptual

understanding of the processes and mechanisms perceived active at Yucca
Mountain. Due to our limited knowledge of Yucca Mountain prior to site

characterization, the hydrogeological conceptual model, existing conceptual

models of the physical processes, and the mathematical models used in these

analyses are not validated. These calculations may be refined as better

understanding evolves through site characterization and through additional

analyses. The following are suggested additional analyses that may be

performed before and during construction of the ESF, and in conjunction with

testing performed in the ESF.
i

• Redo the calculations using the assumption that the increase in bulk-

rock permeability is contained entirely within the fracture system

(especially for those cases where the MPZ is nearly or completely

saturated).

• Perform a similar analysis to determine the possible effects of an

underground ramp. The results of the drift calculations can serve as

a first approximat i_on.

• Perform the calculations for varying sizes of shafts, drifts, and

ramps, and the resulting changes in required drilling water.

.t

3. One important consi._ielation not covered iii tl_is analysis, but which is
covered by another of the BSF Analyses, is tt_e effect of surface
construction water on experiments, especially in the TCw and PTn layers.
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• lt is possible that natural fracture orientations are largely

vertical. Perform the calculations with a lar_er problem domain

(e.g., larger height) to include the effects of gravity, and pe1:l_:_;

structure a new grid with elements that model vertical fractures,

' , Perform the previous calculations with non-homogeneous, non-isoL_ I.....

hydrologic parameters.
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SHAFTH20.XLS

Microsoft EXCEL version of RAD.FOR, used to calculate the radius of

fracture fill and change in saturation in the matrix due to the
retention of water from ESF shaft drilling activities

W, Total X, Expected retention .

Water, m^3/m 2.85591 of drill water, fract. (0.10,0.15,0.20)

gal/ft 230.

Ro, radius of

drill shaft, m 2.21

SRF, res. sat.
in fractures 0.039

TCw PTn TSwl TSw2 CHn
.. ..... .....-.... ....... . .... . .........................................

Vf, Fracture

Porosity 1.40E-04 2.75E-05 4.10E-05 1.80E-04 4.60E-05
PORM, Matrix

Porosity 0.08 0.4 0.Ii 0.II 0.46

Case i

Fill Radius (m)

% Drill Water TCw PTn TSwl TSw2 CHn
........ ..-... ......... _ ................................ . ...............

0 2.21 2.21 2.21 2.21 2.21

1 8.51189965 18 6780179 15.349438 7 5787367 14.5095438

2 11.8330373 26 3220935 21 5945917 I0 4876308 20.4002358

3 14.4079529 32 1999513 26 4016579 12 7492568 24.9361661

4 16.5878703 37 1594014 30 4592955 14 6661754 28.76552

5 18.5128544 41 5307762 34 0365954 16 3600076 32 1418404

6 20.255718 45 4839491 37 2721206 17 8942169 35 1957478

7 21.8600652 49 1199947 40 2483804 19 3068938 38 0050447

8 23.3544596 52 5048391 43 0192197 20 6230284 40 6205143

9 24.758819 55.68431 45 6220825 21 8600652 43 0774761

I0 26.0876878 58.6917936 48 0842548 23 0307533 45 4016707

Change in Saturation

Porosity TCw PTn TSwl TSw2 CHn
.......................................................................

0.05 2.691E-03 5.285E-04 7 880E-04 3 460E-03 8 841E-04

0.I 1 345E-03 2 643E-04 3 940E-04 1 730E-03 4 421E-04

0.15 8 969E-04 1 762E-04 2 627E-04 i 153E-03 2 947E-04

0.2 6 727E-04 1 321E-04 1 970E-04 8 649E-04 2 210E-04

0.25 5 382E-04 I 057E-04 1 576E-04 6 919E-04 1 768E-04

0.3 4 485E-04 8 809E,05 1 313E-04 5 766E-04 1 474E-04

0.35 3 844E-04 7 551E-05 i 126E-04 4 942E-04 1 26BE-04

0.4 3 364E-04 6 607E-05 9 850E-05 4 325E-04 i I05E-04

0.45 2 990E-04 5 873E-05 8 756E-05 3 844E-04 9 824E-05

0.5 2 691E-04 5 286E-05 7 880E-05 3 460E-04 8 841E-05
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SHAFTH20,XLS (cont.)

Case 2

Saturation Increase, Retention rate-0,1

Fill Radius, m TCw PTn TSwl TSw2 CHn
....................'...................................................

4,42 7 755E-02 i 551E-02 5 640E-02 5 640E-02 1.349E-02

I0 i 195E-02 2 389E-03 8 689E-03 8 689E-03 2.078E-03

20 2 876E-03 5 752E-04 2 N92E-03 2 092E-03 5.002E-04
30 I 269E-03 2 539E-04 9 233E-04 9 233E-04 2.208E-04

40 7 124E-04 i 425E-04 5 181E-04 5 181E-04 1.239E-O4

50 4 554E-04 9 I08E-05 3 312E-04 3 312E-04 7 920E-05

60 3 161E-04 6 322E-05 2 299E-04 2 299E-04 5 497E-05

70 2 321E-04 4 643E-05 I 688E-04 I 688E-04 4 037E-05

80 I 777E-04 3 554E-05 i 292E-04 I 292E-04 3 090E-05

90 i 404E-04 2 807E-05 i 021E-04 i 021E-04 2 441E-05

I00 I 137E-04 2 274E-05 8 268E-05 8 268E-05 I 977E-05

Ii0 9 395E-05 i 879E-05 6 833E-05 6 833E-05 I 634E-05

Variable TCw PTn TSwl TSw2 CHn

..................... .. ....... . .............. ... ...... " ........ . .......

Z, height, m 1242.784 1215.752 1116.35 947.782 792.28
NORIA cell no. 761 701 561 421 iO1

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407170 8387019.47 7426215.33 7206548.93

(put in material property card for each material)

PSI, pressure

head(ROAD.Tl) -149.72084 -153.79588 -260.53169 -190.00493 -56.917864

Alpha 0.00821 0.015 0.00567 0.00567 0,00308
Beta 1.558 6.872 1.798 1.798 1.602

Lambda 0.35815148 0,85448196 0.44382647 0.44382647 0.37578027

Mat. Res. Sat, 0.002 0.I 0.08 0.08 0.ii

Saturation in

ROAD.T1 0.73366005 0110662689 0.64357711 0.7359098 8.98027498

MPZ saturation-

SS+4.42 m fill 0.8112131 0.1221375 0.69997932 0.79231202 0.99376247
e

PSI, MPZ -i05.19795 -125.05696 -215.46756 .-].53.57834 -27.256665

Tot. Pressure,
MPZ mater, card 11.148343.3 10688811.4 8828647.91 7783195,87 7497228.68
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SHAFTH20.XLS (cont.)

Case 2

Saturation Increase, Retention rate=O.15

Fill Radius, m TCw PTn TSwl TSw2 CHn

_iii"......................................................................
4.42 i 163E-01 2 327E-02 8 460E-02 8 460E-02 2 023E-02

I0 i 792E-02 3 584E-03 i 303E-02 I 303E-02 3 I17E-03

20 4 314E-03 8 628E-04 3 137E-03 3 137E-03 7 502E-04

30 i 904E-03 3 808E-04 I 385E-03 I 385E-03 3 312E-04

40 I 069E-03 2 137E-04 7 771E-04 7 771E-04 i 858E-04

50 6 831E-04 I 366E-04 4 968E-04 4 968E-04 I 188E-04

60 4 741E-04 9 482E-05 3 448E-04 3 448E-04 8 245E-05

70 3 482E-04 6 964E-05 2 532E-04 2 532E-04 6 056E-05

80 2 665E-04 5 331E-05 i 938E-04 i 938E-04 4 635E-05

90 2 I06E-04 4 211E-05 i 531E-04 I 531E-04 3 662E-05

I00 i 705E-04 3 411E-05 i 240E-04 I 240E-04 2 966E-05

ii0 I 409E-04 2 818E-05 i 025E-04 I 025E-04 2 451E-05

Variable TCw PTn TSwl TSw2 CHn

Z, height, m 1242.784 1215.752 1116.35 947.782 792.28
NORIA cell no. 761 701 561 421 I01

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407170 8387019.47 7426215.33 7206548.93

(put in material property card for each material)

PSI, pressure
head(ROAD.Tl) -149.72084 -153.79588 -260.53169 -190.00493 -56.917864

Alpha 0.00821 0.015 0.00567 0.00567 0,00308
Beta 1.558 6.872 1.798 1.798 1.602

Lambda 0.35815148 0.85448196 0.44382647 0.44382647 0.37578027

Mat. Res. Sat. 0,002 0.i 0.08 0.08 0.ii

Saturation in

ROAD.T1 0.73366005 0.10662689 0.64357711 0.7359098 0.98027498

MPZ saturation-

SS+4.42 m fill 0.84998962 0.1298928 0.72818043 0.82051313 1

PSI, MPZ -85.469387 -118.72449 -195.30849 -136.4824] 0 '

Tot. Pressure,
4

MPZ mater, card 11341683.2 10750869.6 9026206.84 7950736.02 7764344
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SHAFTH20.XLS (cont.)

Case 2

Saturation Increase, Retention rate=0.2

Fill Radius, m TCw PTn TSwl TSw2 CHn
..................................................... . .................

4.42 I 551E-01 3 I02E-02 i 128E-01 1.128E-01 2 697E-02

i0 2 389E-02 4 779E-03 I 738E-02 1.738E-02 4 155E-03

20 5 752E-03 i 150E-03 4 183E-03 4.183E-03 i O00E-03

30 2 539E-03 5 078E-04 i 847E-03 1.847E-03 4 416E-04

40 i 425E-03 2 850E-04 i 036E-03 i 036E-03 2 478E-04

50 9 I08E-04 i 822E-04 6 624E-04 6 624E-04 i 584E-04

60 6 322E-04 i 264E-04 4 597E-04 4 597E-04 I 099E-04

70 4 643E-04 9 285E-05 3 377E-04 3 377E-04 8 074E-05
80 3 554E-04 7 I07E-05 2 585E-04 2 585E-04 6 180E-05

90 2 807E-04 5 615E-05 2 042E-04 2 042E-04 4 883E-05

i00 2 274E-04 4 548E-05 i 654E-04 i 654E-04 3 954E-05

ii0 I 879E-04 3 758E-05 I 367E-04 I 367E-04 3 268E-05

Var iab le TCw PTn TSwl TSw2 CHn
................ . ......................... . ........... . ................

Z, height, m 1242.784 1215.752 1116.35 947.782 792.28
NORIA cell no. 761 701 561 421 i01

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407170 8387019.47 7426215.33 7206548.93

(put in material property card for each material)

PSI, pressure

head(ROAD.Tl) -149.72084 -153.79588 -260.53169 -190.00493 -56.917864

Alpha 0.00821 C.015 0.00567 0.00567 0.00308
Beta 1.558 6._72 1.798 1.798 1.602

Lambda 0.35815148 0.85448196 0.44382647 0.44382647 0.37578027

Mat. Res. Sat. 0.002 0.i 0.08 0.08 0.II

Saturation in

ROAD.TI 0.73366005 0.10662689 0.64357711 0.7359098 0.98027498

MPZ saturation-

SS+4.42 m fill 0.888766].4 0.1376481] 0.75638154 0.84871423 I

PSI, MPZ -66.653583 -i14.05334 -176.35769 -119.81163 0

Tot. Pressure,
MPZ mater, card 11526078.1 10796646.8 9211924.68 8114109.58 7764344
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DRIFTH20.XLS

Microsoft EXCEL version of DRIFT.FOR, used to calculate the radius of

fracture fill and change in saturation in the matrix due to the

retention of water from ESF drift drilling activities

W, Total X, Expected retention

Water, m^3/m 2.917995 of drill water, fract. (0.10,0.15,0.20)
gal/ft 235.

Ro, radius of

drift ceiling, m 3.38

SRF, res. sat.

in fractures 0.039

TCw PTn TSwl TSw2 CHn
..................................... - .................... . ............

Vf, Fracture

Porosity 1.40E-04 2.75E-05 4.].0E-05 1.80E-04 4.60E-05
PORM, Matrix

Porosity 0.08 0.4 0.ii 0.ii 0.46

Case I

Fill Radius (m)

% Drill Water TCw PTn TSwl TSw2 CHn
.......................................................................

0 3.38 3.38 3.38 3.38 3.38

1 8.97003971 19.049582 15.721362 8.069697 14.8841411

2 12 2269712 26 7273034 21 9749413 10.9002578 20.7762102

3 14 7829644 32 6467597 26 8073659 13.134353 25.3330647

4 16 9579848 37 6466876 30 8929068 15.0401742 29.1869392

5 18 8841326 42 0563344 34 4979494 16 7302854 32.5881984

6 20 6312306 46 0456017 37 7603673 18 2646669 35.666566

7 22 2415127 49 7157883 40 7625093 19 6797781 38.4995739

8 23 7428326 53 1330573 43 5582252 20 9997447 41.1379441

9 25 1547076 56 3434464 46 1850171 22 2415127 43.6].70116

i0 26 4914425 59 3805197 48 6702438 23 4175254 45.9625603

Change irl Saturation

Porosity TCw PTn TSwl TSw2 CHn
.......................................................................

0.05 2 691E-03 5 285E-04 7 880E-04 3 460E-03 8 841E-04

0.i I 345E-03 2 643E-04 3 940E-04 I 730E-03 4 421E-04

0.15 8 969E-04 i 762E-04 2 627E-04 I 153E-03 2 947E-O4

0.2 6 727E-04 i 321E-04 i 970E-04 8 649E-04 2 210E-04
o

0.25 5 382E-04 I 057E-04 1 576E-04 6 919E-04 1 768E-04

0.3 4 485E-04 8 809E-05 1 313E-04 5 766E-04 I 474E-04

0.35 3 844E-04 7 551E-05 I 126E-04 4 942E-04 1 263E-04

0.4 3 364E-04 6 607E-05 9 850E-05 4 325E-04 i I05E-04

0.45 2 990E-04 5 873E-05 8 756E-05 3 844E-04 9 824E-05

0.5 2 691E-04 5 286E-05 7 880E-05 3 460E-04 8 841E-05
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DRIFTH20,XLS (cont.)

Oase 2

Saturation Increase, Retention rate-O,l

Fill Radius, m TCw PTn TSwl TSw2 CHn
....................................................

6,14 4 419E-02 8 837E-03 3.214E-02 3.214E-02 7 685E-03

i0 1 311E-02 2 622E-03 9.533E-03 9.533E-03 2 280E-03

20 2 988E-03 5 976E-04 2.173E-03 2.173E-O3 5 196E-04

30 1 307E-03 2 613E-04 9,503E-04 9.503E-04 2 272E-04

40 7 309E-04 1 462E-04 5.315E-04 5.315E-04 1 271E-04

50 4 665E-04 9 331E-05 3 393E-04 3 393E-04 8 I14E-05

60 3 235E-04 6 471E-05 2 353E-04 2 353E-O4 5 627E-05

70 2 375E-04 4 750E-05 1 727E-04 1 727E-04 4 130E-05

80 1 817E-O4 3 635E-05 1 322E-04 1 322E-O4 3 161E-05

90 1 435E-04 2 871E-05 I 044E-04 i 044E-04 2 496E-05

I00 i 162E-04 2 325E-05 8 454E-05 8 454E-05 2 021E-05

ii0 9 604E-05 1 921E-05 6 985E-05 6 985E-05 1 670E-05

Variable TCw PTn TSwl TSw2 CHn
............ ...................................... . ................ ....

Z, height, m 1242.784 1215.752 1116.35 947.782 792.28
NORIA cell no. 761 701 561 421 i01

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407170 8387019.47 7426215.33 7206548.93

(put in material property card for each material)

PSI, pressure

head(ROAD.Tl) -149.72084 -153.79588 -260.53169 -190.00493 -56.917864

Alpha 0.00821 0.015 0.00567 0.00567 0.00308
Beta 1.558 6.872 1.798 1.798 1.602

Lambda 0.35815148 0.85448196 0.44382647 0.44382647 0.37578027

Mat. Res. Sat. 0.002 0.i 0.08 0.08 0.ii

Saturation in

ROAD.TI 0.73366005 0.10662689 0.64357711 0.7359098 0.98027498

MPZ saturation-

• SS+2.76 m fill 0.77784747 0.11546437 0.67571341 0.76804611 0.98795975

PSI, MPZ -123.35279 -133.02295 -233.98608 -168.81441 -41.404023

Tot. Pressure,
MPZ mater, card 10970425.9 10610744.7 8647166.45 7633882.34 7358584.58
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DRIFTH20,XLS (cont.)

Case 2

Saturation Increase, Retention rate=O.15

Fill Radius, m TCw PTn TSwl TSw2 CHn
..... . .................................... . .................... . ..... . ....

6.14 6 628E-02 1 326E-02 4 820E-02 4 820E-02 1.153E-02
I0 1 966E-02 3 932E-03 1 430E-02 1 430E-02 3 419E-03

20 4 482E-03 8 964E-04 3 260E-03 3 260E-O3 7 795E-04

30 1 960E-03 3 920E-04 1 425E-03 1 425E-03 3 409E-04

40 I 096E-03 2 193E-04 7 973E-04 7 973E-04 1 907E-04

50 6 998E-04 I 400E-04 5 090E-04 5 090E-04 1 217E-04

60 4 853E-04 9 706E-05 3 529E-04 3 529E-04 8 440E-05

70 3 562E-04 7 125E-05 2 591E-04 2 591E-04 6 196E-05

80 2 726E-04 5 4521_-()5 1 983E-04 1 983E-04 4 741E-05

90 2 15_E-04 4 _06E-05 1 566E-04 1 566E-04 3 745E-05

i00 1 744E-.04 _ 487E-05 1 268E-04 1 268E-04 3 032E-05

ii0 1 441E-04 2 881E-05 I 048E-04 I 048E-04 2 505E-05

Variable TCw PTn TSwl TSw2 CHn
.......................................................................

Z, height, m 1242.784 1215.752 1116,35 947.782 792.28
NORIA cell no. 761 701 561 421 I01

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407170 8387019.47 7426215.33 7206548.93

(put in material property card for each material)

PSI, pressure

head(ROAD.Tl) -149.72084 15'_ 79588 -260.53169 -190.00493 -56.917864

Alpha 0.00821 0.015 0.00567 0.00567 0.00308
Beta 1.558 6.872 1.798 1.798 ]..602

Lambda 0.35815148 0.85448]96 0.44382647 0.44382647 0.37578027

Mat. Res, Sat. 0.002 0.i 0.08 0.08 0.ii

Saturation in

ROAD.TI 0.73366005 0.10662689 0.64357711 0.7359098 0.98027498

MPZ saturation-

SS+2.76 m fill 0.79994119 0.1.1988311 0.69178157 0.78411426 0.99180214

I

PSI, MPZ -111.18937 -127.39437 -221.59208 -].58.66287 -32.408923

Tot. Pressure, °
MPZ mater, card 11089627.4 10665904.7 8768627.6 7733367.49 7446736.56
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' DRIFTH20.XLS (cont.)

Cas - 2

Saturation Increase, Retention rate=0.2

Fill Radius, m TCw PTn TSwl TSw2 CHn

' 6.14 8 837E-02 1 767E-02 6 427E-02 6.427E-02 1 537E-02

I0 ,2 622E-02 5 243E-03 1 907E-02 1.907E-02 4 559E-03

20 5 976E-03 i 195E-03 4 346E-03 4,346E-03 I 039E-03

30 2 613E-03 5 226E-04 1 901E-03 1.901E-03 4 545E-O4

40 1 462E-03 2 923E-04 i 063E-03 1.063E-03 2 542E-04

50 9 331E-04 1 866E-04 6 786E-04 6.786E-04 1 623E-04

60 6 471E-04 1 294E-04 4 706E-04 4 706E-04 i 125E-04

70 4 750E-04 9 500E-05 3 455E-04 3 455E-04 8 261E-05
80 3 635E-04 7 269E-05 2 643E-04 2 643E.04 6 321E-05

90 2 871E-04 5 742E-05 2 088E-04 2 088E-04 4 993E-O5

i00 2 325E,.04 4,649E-05 i 691E-04 I 691E-04 4 043E-05

Ii0 i 921E-04 3,842E-05 ], 397E-04 I 397E-04 3 341E-05

Variable TCw PTn TSwl TSw2 CHn
. .................................................. . .............. . ....

Z, height, m 1242.784 1215.752 1116.35 947.782 792.28
NORIA cell no. 761 701 561 421 i01

Pressure, from
NORIA-SP sol'n

ROAD.TI 10712019 10407].70 8387019.47 7426215.33 7206548.93
= (put in material property card for each material)

PSI, pressure

head(ROAD.Tl) -149.72084 -153.79588 -260.53169 -190.00493 -56.917864
m

' Alpha 0.00821 0.015 0.00567 0.00567 0.00308
Beta 1,558 6.872 1.798 1.798 1,602

Lambda 0.35815148 0.85448196 0.44382647 0.44382647 0.37578027
Mat. Res. Sat. 0.002 0.I 0.08 0.08 0.11

Saturation in

ROAD,TI 0,73366005 0.10662689 0.64357711 0,7359098 0.98027498

MPZ saturation-

SS+2,76 m fill 0.8220349 0.12430186 0.70784972 0.80018242 0.99564452

e
PSI, MPZ -99.56522 -123.05864 -209.70501 -148.75005 -21.729589

Tot. Pressure,
MPZ mater, card 11203544 ].0708394.9 8885120.91 7830513.08 7551394.03

=
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Appendix B

Parameters Used for the Time-Dependent Analyses
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Water Properties

Density of water, kg/m 3 i000 Standard

Compressibility of water, I/m 4.30E-06 Standard

Dyn. Viscosity of water, kg/(m*sec) 0.001 Standard @ 68°F

Acceleration of gravity, m/sec 2 9.8 Standard O
Steady-st. infil, rate (q), mm/yr 0.01

m/sec 3.17E-13 Given: Boundary condition

on surface

USW G-4 Stratigraphy and Rock Characteristics

Description of variable, units Value Reference
........................................................................

CHnz, Calico Hills

Min. elevation, m 752 RIB
Max. elevation, m 856 RIB

Matrix effective porosity, none 0.28 CHnz/G4-11 SAND84-1471

Matrix sat. hyd. conductivity, m/s 2.00E-II CHnz/G4-11 SAND84-1471

Matrix van Genuchten parameters

Saturation value, none 1CHnz/G4-11 SAND84-1471

Residual saturation, none 0.ii CHnz/G4-11 SAND84-1471
ALPHA coefficient, i/m 0.00308 CHnz/G4-11 SAND84-!471

BETA coefficient, none 1.602 GHnz/G4-11 SAND84-1471

Fracture effective porosity, none 1CHnz/G4-4F SAND84-1471

Fract. sat. hyd. conductivity, m/s 2.00E-04 CHnz/G4-4F SAND84-1471

Fracture van Genuchten parameters

Saturation value, none 1CHnz/G4-4F SAND84-1471

Residual saturation, none 0.0395 CHnz/G4-4F SAND84-1471

ALPHA coefficient, I/m 1.2851CHnz/G4-4F SAND84-1471

BETA coefficient, none 4.23 CHnz/G4-4F SAND84-1471

Fracture porosity, none 4.60E-05 SAND84-1471

Bulk-rock compressibility, I/m 2.60E-06 SAND84-1471

Fracture compre_sibility, I/m 2.80E-08 SAND84-1471

TSw2, Topopah Springs (repository horizon)

Min. elevation, m 877 RIB

Max. elevation, m 1066 RIB

Matrix effective porosity, none 0.II TSw2/G4-6 SAND84-1471

Matrix sat. hyd. conductivity, m/s 1.90E-II TSw2/G4-6 SAND84-1471

Matrix van Genuchten parameters
, SAND84-Saturation value none 1TSw2/G4-6 1471

, SAND84Residual saturation none 0.08 TSw2/G4-6 -1471

ALPHA coefficient, i/m 0.00567 TSw2/G4-6 SAND84-1471

BETA coefficient, none ]..798 TSw2/G4-6 SAND84-1471

Fracture effective porosity, none I TSw2/G4-2F SAND84-147]

Fract. sat. hyd. conductivity, m/s 1.75E-05 TSw2/G4-2F SAND84-1471

Fracture van Genuchten parameters

Saturation value, none 1TSw2/G4-2F SAND84-1471

Residual saturation, none 0.0395 TSw2/G4-2F SAND84-1471

ALPHA coefficient, i/m I..2851TSw2/G4-2F SAND84-1471

BETA coefficient, none 4.23 TSw2/G4-2F SAND84-1471

Fracture porosity, none 1.80E-O4 SAND84-1471

Bulk-rock compressibility, i/m 5.80E-07 SAND84-1471

Fracture compressibility, i/m 1.20E-07 SANI)84-1471
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USW G-4 Stratigraphy and Rock Characteristics ,_,
Description of variable, units Value Reference

PTn, Paintbrush Tuff

Min. elevation, m 1196 RIB
Max. elevation, m 1234 RIB

Matrix effective porosity, none 0,4 PTn/GU3-7 SAND84-1471

Matrix sat. hyd. conductivity, m/s 3.90E-07 PTn/GU3-7 SAND84-1471

" Matrix van Genuchten parameters

Saturation value, none 1 PTn/GU3-7 SAND84-1471

Residual saturation, none 0,i PTn/GU3-7 SAND84-1471

ALPHA coefficient, i/m 0.015 PTn/GU3-7 SAND84-1471

BETA coefficient, none 6.872 PTn/GU3-7 SAND84-1471

Fracture effective porosity, none I PTn/G4-3F SAND84-1471

Fract. sat. hyd. conductivity, m/s 6.10E-04 PTn/G4-3F SAND84-1471

Fracture van Genuchten parameters

Saturation value, none I PTn/G4_3F SAND84-1471

Residual saturation, none 0.0395 PTn/G4-3F SAND84-1471

ALPHA coefficient, I/m 1.2851 PTn/G4-3F SAND84-1471

BETA coefficient, none 4.23 PTn/G4-3F SAND84-1471

Fracture porosity, none 2.70E-05 SAND84-1471

Bulk-rock compressibility, i/m 8.20E-06 SAND84-1471

Fracture compressibility, i/m 1.90E-07 SAND84-1471

TCw, Tiva Canyon
Min. elevation, m 1234 RIB

Max. elevation, m 1261 RIB

Matrix effective porosity, none 0.08 TCw/G4-1 SAND84-1471

Matrix sat. hyd. cond_ictivity, m/s 9.70E-12 TCw/G4-1 SAND84-1471
Matrix van Genuchten parameters

Saturation value, none i TCw/G4-1 SAND84-1471

Residual saturation, none 0.002 TCw/G4-1 SAND84-1471

ALPHA coefficient, I/m 0.00821TCw/C4-1 SAND84-1471

BETA coefficient, none 1.558 TCw/G4-1 SAND84-1471

Fracture effective porosity, none i TCw/G4-2F SAND84-1471

Fract. sat. hyd. conductivity, m/s 3.80E-05 TCw/G4-2F SAND84-1471

Fracture van Genuchten parameters

Saturation value, none i TCw/G4-2F SAND84-1471

Residual saturation, none 0.0395 TCw/@4-2F SAND84-1471

ALPHA coefficient, I/m 1.2851 TCw/O4-2F SAND84-1471

BETA coefficient, _oNe 4.23 TCw/G4-2F SAND84-1471

Fracture porosity, none 1.40E-04 SAND84-1471

Bulk-rock compressi,billity, 1/m 6.20E-07 SAND84-1471

Fracture compressib|lity, l./m 1,32E-06 SAND84-1471
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Figures 6.9,, Dlsl,emhm Hl,_'toryqf Shqfi Water tn 7YvaCanyon:
Retenthm Factor= 15%, No Ventilation

rnaCanyon,Ch_fromInSituSa:O,O01
' 100 ....

80-

Shaft HPZ

N-

O _ '
0 5 10 15

Radius,m(SatChmge_.O01)
Figure 6: TivaCanyon,Changefrom hzSitu Saturation=O.OOl

TmCanyon,CSangeImmInSituSaL=O.O05
100

80-

:_L _ -- Shaft,Wal.l-+ HPZ

* _ -

0 l
0 5 10 15

Radius,m(SaLChmge=O.O05)
Figure 7: Tiva Canyon, Changefrom In Situ Saturation =0.005
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Figure 8: Tiva Canyon, Change fi'om hz Situ Saturation--0.01
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Figure 9: Tiva Canyon, Change from hl Situ Saturation =0.02
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Figurex 14-16: Dispersion Hixtorv of Stu_ Water in Paintbrush Tuff':
Retention Factor = 15%, No Ventilation

_nist_mofW_=Sh_
PainlbmshTuff,ChangetromInSituSst.=O.O01

100

0 I I

0 2 4 0 8 I0 12

Radius,m(Sat.Change=O.O01)
Figure I4: Paintbrush Tuff, Change from hz Situ Saturation =0. OOl
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Figure 15: Paintbrush Tuff, Change from ht Situ Saturation =0. 005
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Figure 16: Paintbrush Tuff, Change fi'om /n Situ Saturation =0.01
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Figures 21..24: Dl,_'lu',r,_'hmHb'tory of Sh@c'tWater In Topopah Springs;
Retention Factor = 15%, No Venttlatlott

, TorahSprlngs,l:ha__omInSituSat.4,001
100

,%

80-

Shaft

_" Wall -_ MPZ

N-

O i i
0 5 10 15 N

Radius,m(SaLCh_ge=O.O01)
Figure 21: Topopah Springs, Change front In Situ Satttratiott = O.001
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Figure 22: Topopah Springs, Ctmnge from in Situ Saturation =0. 005

C-17



lofWalermS
too ,ings,ChangefromInSituSaL---O.01

80-
I

60 - "

Shaft

40- !

N-

0 I x

0 5 10 15 20

Radius,m(SaLChange=O.01)
Figure 23: Topopah Spring,L Change from In Situ Saturation =0, 01
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Figure 24; 7bl,_,lmh SI,ring._', Chan_,,e./)'ot, ht Situ Saturatimt:: 0.02
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Figures 3._.3&'Dl,_'per,,'tmtHistory qf DrO_Water In 7b/mtmh ,_,'lng,v,'
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Figures 43-44: Dispersion Hixtory ¢tfDrift Water in Calico Hills:
Retention Factor= 15%, No Ventilation

CalicoHHIs,ChangetromInSituSat.=O.O01
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Figure 43: Calico Hills, Change fron_ In Situ Saturation =0. 001
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Fi_:ure 44: Cali_'o t/ills. Chanye.frmn In Situ Saturation = O.005
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APPENDIX D

REFERENCE INFORMATION BASE AND

SITE ENGINEERING PROPERTIES DATA BASE

%

This report uses information from the Reference Information Base; see Appendix

B for a listing of the values used.

This report contains no candidate information for inclusion in the Reference
Information Base.

This report contains no candidate information for inclusion in the Site and

Engineering Properties Data Base,
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