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ABSTRACT

This document comprises four letter reports containing information
that has been used in preparing the plan to characterize the site of the
prospective repository at Yucca Mountain. The Yucca Mountain Project is
studying the feasibility of constructing a high-level nuclear waste
repository in the Topopah Spring Unit of the Paintbrush Tuff. One activity
of site characterization is the construction of two exploratory shafts.
The information in this report pertains to (1) engineering calculations of
the potential distribution of residual water from constructing the
exploratory shafts and drifts, (2) numerical calculations predicting the
movement of the residual construction water from the shaft walls into the
rock, (3) numerical calculations of the movement of the residual water and
how the movement is affected by ventilation, and (4) measurement of the
movement of water into a welded tuff core when a pulse of water pressure is
applied to a laboratory test sample for a short time (100 min).



Sections 1-3:

Appendices A-E:

QUALITY ASSURANCE LEVELS

Data gathered at QA Level III. Analyses performed at QA

Level III.

Data gathered at QA Level III. Analyses performed at QA

Level III.
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FOREWORD

This document contains four separate letter reports (Appendices A

through D) that support information in the "Site Characterization Plan"

(DOE, 1988) for the Yucca Mountain Project. The letter reports are

collected in this document as a convenient means of referencing previously

unpublished information cited in the "Site Characterization Plan."
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1.0 INTRODUCTION

The Yucca Mountain Project is currently investigating the feasibility

of disposing of high-level radioactive waste in the unsaturated zone at

Yucca Mountain in southern Nevada. Construction of the exploratory shaft

facility (ESF), which includes the two shafts described in the "Site

Characterization Plan" (DOE, 1988), will introduce additional water into

the unsaturated zone. Experiments needed to characterize the unsaturated

zone at the site require estimates of the potential effects of the

construction water on the in situ experiments. Performance assessment of

the Yucca Mountain site for postclosure radionuclide transport also

requires estimates of the effects of construction water on the capability

of the site to isolate and contain waste. Four letter reports, Appendices

A-D, contribute to the evaluation of the potential effects of water from

construction of the ESF and were initially prepared to support the

"Exploratory Shaft Facility Fluids and Materials Evaluation" by K. A. West

(1988).

Appendix A addresses the distance to which rock could be affected when

up to 10% of the construction water is retained in the walls of the shafts

and drifts. The engineering calculations in this report evaluate the

radial distance that water would move from the shaft and drift walls when

(1) the rock is initially unsaturated, (2) there is essentially no water in

the fractures, and (3) the retained construction water enters the rock at a

rate that initially saturated only the fractures. The affected distance

has been determined by a geometric calculation based on the volume of

retained water and the capacity of the initially unsaturated fractures.

The change in saturation that would occur as a result of subsequent

movement of the water, through capillary action, from the fractures into

the matrix has also been calculated. Five hydrologic strata that represent

Yucca Mountain were modeled in the analyses. The calculation indicated

that at the Topopah Spring repository horizon the fractures within 24 m of

the centerline of the shafts need to be saturated to contain 10% of the

construction water. The maximum change in saturation was about 0.0014 at

this same horizon when the construction water initially contained in the

fractures came to equilibrium with the water in the rock matrix.



Appendix B provides analyses of the time-dependent, one-dimensional

radial flow of the residual construction water in the rock matrix adjacent

to the shaft liner. The retained water was initially assumed to be

contained in the modified permeability zone (MPZ) around the shaft. The

MPZ is the zone immediately surrounding an underground excavation in which

the permeability of the rock mass has been altered as a result of stress

redistribution and blast damage effects. The NORIA computer code (Bixler,

1985) has been used to calculate the changes in saturation out to a radius

of 25 m from the shaft centerline for computed times of 1-1000 yr. It has

been conservatively assumed for these calculations that the permeability of

the matrix in the MPZ is 80 times larger than in the unmodified region.

This conservative assumption results in a higher saturation at the MPZ

outer boundary and an increased movement of water into the rock. In the

analyses performed, the increase in saturation at radial distances greater

than 5 m from the shaft centerline (0.6 m from the MPZ) was less than 0.03.

Appendix C is an extension of the analyses contained in the second

letter report and includes the effects of drift ventilation on the movement

of the residual construction water and in situ pore water. The NORIA code

was used for these analyses. The results of these studies indicate that

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

dominated by the ventilation system and that in a matter of months the

ventilation system can remove more water from the walls of the drifts than

may be retained as a result of drift construction.

Appendix D provides laboratory data from experiments on the movement

of water into tuff when a 100-min pulse of water is applied to one end of a

core sample and is then allowed to redistribute isothermally. This data

may be used to indicate the distance that construction water would

penetrate the rock. Measurements of the saturation of a welded tuff sample

showed that very little water penetrated the sample and that later

redistribution of the water into the core was very slow.
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2.0 CONCLUSIONS

The various analytical, numerical, and experimental approaches used in

these studies indicate that saturation increases in the in situ rock mass

from construction water would be small. The calculated changes in

saturation may be less than the accuracy of the experiments and numerical

calculations. However, these analyses did not consider the potential

effects of local variations in strata properties that could occur. Thus,

under these variations, the residual mining water could affect in situ

experiments located some distance from the shaft. Without detailed

knowledge of the variations in the strata, it is impossible to accurately

model these situations.
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Introduction

The current plan for the shaft drilling and drift construction in the

exploratory shaft facility (ESF) at the proposed Nevada Nuclear Waste

Repository site includes the use of water for dust control and drilling

purposes. During this operation, some of the water will be absorbed by the

host rock. The presence of this water has generated concern about its

effect on the undisturbed conditions of the rock; that is, can this water

increase the saturation of the rock surrounding the shaft to a level that

could have an adverse effect on in situ experiments or performance of the

waste package?

This report is an initial attempt to address this issue and fulfills

part of the analyses requested in Problem Definition Memo (PDM) 72-22. Two

limiting cases are addressed to estimate the radial distance to which the

rock is affected and the maximum increase in saturation that can be

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

small initial residual saturation and that the matrix initial saturation

was low enough that when the water moved from the fractures into the

matrix, the matrix did not become fully saturated. The hydrologic units

that were included in these analyses were the Tiva Canyon welded,

devitrified; Paintbrush vitric; Topopah Spring lithophysae-rich; Topopah

Spring lithophysae-poor; and Calico Hills vitric. They are referred to in

this report as Tiva Canyon, Paintbrush, Topopah Litho, Topopah Rep, and

Calico Hills, respectively.

Calculations were performed for the shaft and drift geometries to

determine the distance that water retained from construction could move

from the 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 Case 3 analyses apply to the drift. For

both Case 1 and 3 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
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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, Ro, and

the radius, R.

To investigate the effect on the saturation level of the distance the

retained water may move from the wall, calculations identified as Case 2

and Case 4 were performed. Water is considered to always be in

fracture/matrix equilibrium and is therefore diffused as a result of the

capillary pressure. Based on this premise, material saturation increase is

calculated as a function of radius.

Cases 1 and 3 are limiting cases in that they calculate the maximum

radial distance that water can travel into the saturated fractures of the

matrix and the resulting equilibrium saturation increase. Cases 2 and 4

are limiting cases in that they calculate the maximum matrix saturation

increase that may occur at any radial distance from the walls. Based on

the output of these simplified parametric studies of the five hydrologic

units in Yucca Mountain, recommendations for additional studies, which

would be performed using the finite element code NORIA [1], are made.

These calculations can be made for a few limiting cases and will provide

additional bases for the assumptions made in Cases 1-4.

Case 1--Problem Definition

In this study it is assumed that the water infiltrates the region near

the shaft sufficiently fast that the path of least resistance is through

the natural fracture array that exists in the rock. It is assumed that the

fractures saturate out to a distance R (Figure 1), which encompasses enough

fracture volume to hold the water not removed during the drilling process.

Equation 1, based on the assumption that the available volume in the

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

A-4



R nV + R2

where R - the radius to which the fractures are saturated (m); n the

fraction of the construction water left in the rock (nd); V - the total

volume of construction water used per meter (m3/m); of - porosity of

conducting fractures (nd); srf - residual saturation of the fractures (nd);

and RO - outside radius of the concrete shaft liner (m) (Figure 1).

In these calculations, the radius of the outside of the concrete liner

was assumed to be 2.21 m. This is the same radius that was used in

Reference 2, which analyzed the effects of the modified permeability zone

around the shaft.

In the second part of Case 1, the saturation increases in the matrix

after the water has left the fractures and was pulled, through capillary

pressure, into the matrix in a volume based on the same total radius, R

was calculated. The equation for the saturation increase based on

conservation of water volume is

(2)

where matrix saturation increase (nd); (1 - srf) fracture

saturation decrease (nd); f - fracture porosity (nd); and m2 matrix

porosity (nd). As shown by Equation 2, the increase in saturation does not

depend on the radius to which the fractures are saturated. The increase is

dependent on the fracture porosity and residual saturation and the matrix

porosity. To investigate the effect of the matrix porosity on the change

in saturation for each hydrologic unit, calculations were performed using

the fracture characteristics listed in Table 1 for matrix porosities

ranging from 0.05 to 0.5. This range includes the reference matrix

porosity listed in Table 1. (The values from Reference 3 are within the

range of values provided in the Reference Information Base (RIB),
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Reference 3, except for the matrix porosity for the Calico Hills Unit. The

matrix porosity was larger by 0.01 than the range indicated in the RIB.

This value of matrix porosity was used because previous calculations,

Reference 3, had been performed using this value and the conclusions in the

present analyses would not be affected by this small difference.)

The FORTRAN program used to evaluate Equations 1 and 2 for the shaft

is listed in Attachment A.

Case 1--Results

Results obtained using Equations I and 2 for all five hydrologic

strata are given in Attachment B. These are based on 3.02 m3/m of drilling

water and the material properties given in Table 1. Preliminary estimates

of the amount of construction water that may be retained were about 10%.

Therefore, calculations were performed for up to 10% retained water.

Figure 2 shows a plotted summary of the calculations based on Equation 1.

It can be seen from this figure that when 10% of the drilling water is

retained in the fractures, the fractures saturate to a radial distance, R,

between 27 and 47 m for the five strata. The radius is the smallest for

the Topopah Rep because the fracture porosity was the highest in this unit

of the hydrologic strata analyzed.

Figure 3 shows a plotted summary of the results of Equation 2. It can

be seen from this figure that the maximum increase in saturation, if the

hydrologic strata porosities were as low as 0.05, is less than 0.004. The

change in saturation for the reference value of matrix porosity of each

hydrologic strata is also shown in Figure 3. The largest increase would

occur in the Tiva Canyon unit and would be about 0.0017.

Case 2--Problem Definition

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 a uniform
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saturation, as indicated in Figure 4. Equation 3 is an expression for the

conservation of water under these assumptions.

This equation was also evaluated for the shaft using the FORTRAN

program listed in Attachment A.

Case 2--Results

A tabulated display of the results of Equation 3 is given in

Attachment B for all five units, assuming that 10% of the drilling water

was retained in the rock. Saturation increases for a range of radial

distances between 10 and 110 m are given. Figure 5 shows calculated

saturation increases up to 0.013. The maximum saturation increase, which

occurs in the Tiva Canyon strata, is calculated to be 0.013 at a radial

distance of 10 m. This radial distance would be 7.8 m from the outside of

the concrete liner. At a radius of 20 m, the maximum increase in

saturation would be 0.003. For the Topopah Spring strata the saturation

increase would be 0.009 at a radial distance of 10 m.

Case 3--Problem Definition

This case is identical to Case 1 except that it applies to a drift.

For these analyses the drift geometry shown in Figure 6 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 6.

This resulted in the drift being analyzed as a circle with a radius of

3.38 m. Equation 1 was also used for this case with the inside radius of

the drift wall, Ro, equaling 3.38 m.

The calculation of the change in the matrix saturation after the water

retained from drift construction was pulled from the fractures into the

matrix would be the same for a drift as for the shaft. Therefore, the
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results discussed for Case 1 and shown in Figure 3 would also apply to the

drifts.

The FORTRAN program used to evaluate Equation 1 for the drifts is

listed in Attachment C.

Case 3--Results

The calculated radii applicable to the drift geometry for five

hydrologic strata are listed in Attachment D. Results are given for all

the strata, even though drifts are only planned for the Topopah Spring and

Calico Hills units. These results were based on 1.65 m3/m of water being

used during drift construction and the material properties listed in

Table 1. The results are also plotted in Figure 7, which shows that when

10% of the construction water is retained in the fractures, the fractures

will be saturated to a radial distance between 18 and 45 m for the five

strata analyzed. The largest radius was in the Calico Hills unit and the

smallest radius was in the Topopah Spring repository unit.

Case 4--Problem Definition

This case is identical to Case 22, except that it is also based on the

drift geometry discussed for Case 3. Therefore, in Equation 3, an inside

radius of 3.38 m was used.

The FORTRAN program used to evaluate Equation 3 for the drifts is

listed in Attachment C.

Case 4--Results

The increase in saturation (calculated using Equation 3) applicable to

the drift geometry assuming 10% of the construction water was retained in

each of the five hydrologic units is listed in Attachment D. These

results, also shown in Figure 8, indicate a maximum calculated increase in

saturation of about 0.007 for a radius of 10 m in the Tiva Canyon unit.
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The increase in saturation for the Topopah Spring and Calico Hills units

for a 10-m radius was 0.0054 and 0.0013, respectively.

Conclusions and Additional Calculations

The results for the analyses discussed in the document indicate that

the change in saturation would be quite small when the retained water was

uniformly distributed in the rock. The largest calculated increase in

saturation was 0.013 when 10% of the drilling water was retained in the

Tiva Canyon unit around the shaft at a distance of 10.0 m from the shaft

center (7.8 m from the concrete liner). For representative matrix and

fracture porosities for the hydrologic strata the exploratory shaft will be

constructed in, the maximum change in saturation was 0.0017. These changes

in saturation may be less than the accuracy of experiments and numerical

calculations. These analyses did not consider potential effects of local

variations in strata properties that could occur.

These analyses assumed the distribution of the retained water was

uniform. However, Figure 4 illustrates that the initial distribution will

probably not be uniform. Therefore, to investigate the potential effects

of the initial distribution of the retained water, it is recommended that

time-dependent, one-dimensional radial calculations be performed using the

NORIA finite element computer code for the significant cases. These

calculations will show the movement of the retained water from the surface.
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Table 1

Material Properties

Unit

Tiva Canyon 0.08 0.140

Paintbrush 0.4 0.027

Topopah Litho 0.11 0.041

Topopah Rep 0.11 0.18

Calico Hills 0.46 0.046

fractures 0.0395
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CONCRETE LINER

Figure 1. Outline of Problem Geometry
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

Figure 2. Radius to Which Fractures Would Fill to Accommodate All
Residual Drilling Water, Case la.
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{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

Increase in Matrix Saturation Assuming All Residual
Drilling Water Was Originally in Fractures, Case lb.

Figure 4. Probable and Assumed Water Distribution, Case 2.
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{COUL D NO T BE CO
NVE

R
TED TO SEARCHABLE TEXT}

Figure 5. Increase
Water To
Case 2.

in Matrix Saturation Assuming Residual Drilling
Be Evenly Distributed in Matrix Between RO and R,

Figure 6. Drift Geometry Used in Analyses.
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Figure 7. Radius to Which Fractures Would Fill To Accommodate All
Residual Drift Construction Water, Case 3.

Figure 8.

MATRIX FILL RADIUS (m)

Increases in Matrix Saturation Assuming Residual Drift
Construction Water To Be Uniformly Distributed in Matrix
Between RO and R, Case 4.
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Attachment A

The FORTRAN program listed below solves Equations 1, 2, and 3 for

several parametric sets of conditions. The program is complete and needs

no additional input to generate the output listed in Attachment B.
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Attachment B

The Computer program listed in Attachment A was used to generate the

data listed below for Case la. The FILL RADIUS (m) is the radius to which

the fractures would fill for a given percentage of drill water left in the

shaft after drilling. This assumes no water is initially absorbed by the

matrix material.

Tiva Canyon

Paintbrush

Topopah Litho

Topopah Rep

Calico Hills
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Attachment B (continued)

The output data for Case lb is given below. The change in saturation

of the matrix (CHANGE IN SATURATION) was obtained by assuming that the

water in the fractures between the shaft wall and the FILL RADIUS,

calculated in Case la, is absorbed into the matrix material through

capillary pressure.
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Attachment B (concluded)

The data listed below, for Case 2, give the matrix saturation increase

(SATURATION INCREASE) between the shaft wall and FILL RADIUS for 10%

residual water. In this calculation, it was assumed that the water in this

region is at constant saturation.

Tiva Canyon

Paintbrush

Topopah Litho

Topopah Rep

Calico Hills
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Attachment C

The FORTRAN program listed below solves Equations 1, 2, and 3 for

several parametric sets of conditions. The program is complete and needs

no additional input to generate the output listed in Attachment D.

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Attachment D

The computer program listed in Attachment C was used to generate the

data listed below for Case 3. The FILL RADIUS (m) is the radius to which

the fractures would fill for a given percentage of water left in the drift

after mining. This assumes no water is initially absorbed by the matrix

material.

Tiva Canyon

Paintbrush

Topopah Litho

Topopah Rep



Attachment D (concluded)

The data listed below, for Case 4, give

(SATURATION INCREASE) between the drift wall

residual water. In this calculation, it was assumed that the water in this

region is at constant saturation.
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



Attachment E

RIB and SEPDB Data

The values of the material properties in Table 1 were taken from the

RIB. For the matrix porosity, the values were within the range contained

in the RIB, except for the Calico Hills unit for which a value of 0.01

larger than the range was used. The values of matrix porosity selected

were based on R. R. Peters et al., 1984, "Fracture and Matrix Hydrologic

Characteristics of Tuffaceous Materials from Yucca Mountain, Nye County,

Nevada," SAND84-1471, Sandia National Laboratories, Albuquerque, New

Mexico.

This report contains no candidate information for the RIB.

This report contains no candidate data for inclusion in the SEPDB.
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Introduction

The current plan for the shaft drilling and drift construction in the

exploratory shaft facility (ESF) at the proposed Nevada Nuclear Waste

Repository site includes the use of water for dust control and drilling

purposes. During this operation, some of the water will be absorbed by the

host rock, The presence of this water has generated concern about its

effect on the undisturbed conditions of the rock; that is, can this water

increase the saturation of the rock surrounding the shaft to a level that

could have an adverse effect on in situ experiments or performance of the

waste package?

Previous analyses investigating the potential change in the matrix

saturation level from the residual water in the ESF were reported in

SLTR87-2001 (Appendix A). This report was an initial attempt to address

this issue and fulfills part of the analyses requested in Problem

Definition Memo (PDM) 72-22. The hydrologic units that were included in

these analyses were the Tiva Canyon welded, devitrified; Paintbrush vitric;

Topopah Spring lithophysae-rich; Topopah Spring lithpphysae-poor; and

Calico Hills vitric. Two limiting cases were addressed to estimate the

radial distance to which the rock is affected and the maximum increase in

saturation that can be expected. The first analysis represents a limiting

case in that the maximum radial distance that water can travel into the

saturated fractures of the matrix and the resulting equilibrium saturation

increase was calculated. The second analysis is a limiting case in that

the maximum matrix saturation increase that may occur at any radial

distance from the walls was calculated.

The results of these initial analyses, which are documented in

Reference 1, indicate that the change in saturation would be quite small.

Within a 10.0-m radius from the shaft center (7.8 m from the concrete

liner) the largest calculated increase in saturation was 0.013 when 10% of

the drilling water was retained in the Tiva Canyon unit. These changes in

saturation may be less than the accuracy of in situ experiments and

numerical calculations.
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To investigate the effect of some of the assumptions used in the

analyses discussed above, such as fracture saturation and constant radial

saturation distributions, numerical time-dependent solutions for each of

the four hydrologic strata have been made using the multidimensional finite

element code NORIA [11. The initial conditions for these calculations were

selected to be representative of the expected conditions. The results of

these calculations show the increases in saturation within a radius of 25 m

from the shaft centerline for computational times ranging from 1-1000

years.

Code Requirements and Problem Definition

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

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

modeled using NORIA. In this computer code the water is assumed to be in

isothermal matrix/fracture equilibrium at all times. The water is

transported as a result of pressure gradients. A listing of the code used

in these calculations is stored in the Sandia National Laboratories'

Integrated File Storage. When using the code, it is necessary for the user

to describe the material characteristics, such as saturation and

permeability, as functions of pressure head. This is done in the two

subroutines, PERM and FLUDIC. A listing of these two subroutines for the

four different strata is given in Attachment A. The material properties

used in these subroutines and for the entire analysis are based on those

specified in the PDM that lists fracture and matrix hydrologic

characteristics based on the psychrometer measurements of Reference 2.

An outline of the mine shaft, the shaft concrete liner, and the

surrounding rock is shown in Figure 1. To calculate the one-dimensional

flow in the vicinity of the liner, a row of 25 eight-node quadratical

finite elements is used (Figure 2). The elements start at the outside

radius of the concrete shaft liner, RO 2.21 m, and extend to a radius of

25 m. The length of the elements increased from 0.143 m at the shaft liner

to 2.78 m at 25 m.



Initial Conditions

Initial pressure head and saturation values are obtained by assuming

one-dimensional, vertical, steady-state infiltration of 0.1 mm/yr through

the strata shown in Figure 3. This solution was obtained using the one-

dimensional, steady-state computer code LLUVIA (2]. A listing of this code

is given in Attachment B. The resulting steady-state pressure head

distribution, which establishes the saturation level, is given in Figure 4.

Time-dependent analysis using NORIA was made at the four axial

locations indicated in Figure 3. In each case it was assumed that at time

zero, residual mining water was located in the modified permeability zone,

RO < R < 2 * RO, Figure 5, as defined by Fernandez 3. This volume was

chosen because the permeability in this zone is specified in the PDM to be

80 times larger than that in the unmodified region. Thus, the mining 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 the mining water in the modified permeability

zone (MPZ) would have little effect on the time-dependent results. Based

on the saturation level established by the pressure head distribution

calculated with LLUVIA, the initial saturation for each strata at the axial

locations shown in Figure 3 was specified such that 0.302 m3/m of water was

added to the rock, as specified by the PDM. Adding this amount of water

resulted in the following changes in the initial saturation of the MPZ:

Tiva Canyon increased by 0.080, Paintbrush increased by 0.017, Topopah

Spring increased by 0.06, and Calico Hill increased by 0.014.

A listing of the NORIA input for each of the four calculations is

given in Attachment C.

Results

NORIA was run on the CTSS computer system. Computed times out to

1000 yr required less than 25 s to run, using up to 60 time steps. In all

cases, a new steady-state condition was obtained by this time. The

calculations were expedient because the fractures remained unsaturated and
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the computational nonlinearities that occur during fracture saturation did

not exist. Figures 6-9 show the saturation profiles for 1, 2, 10, 100, and

1000 yr for the Tiva Canyon, Paintbrush, and Topopah Spring units, Because

of the large permeabilities in the Calico Hills unit, solution profiles are

presented for 1 mo, 0.5 yr, and 1 yr. The results for the Topopah Spring

unit, shown in Figure 8, will be discussed because, except for the

magnitude of the changes in saturation, the results are similar for each

unit. At one year, the saturation in the MPZ for the Topopah Spring unit

was still about 0.035 above the nominal value, and changes in saturation

out to about 8 m from the shaft centerline were calculated. At two years,

the saturation in the MPZ was 0.03 higher than the nominal, and changes in

saturation out to about 10 m from the shaft centerline were calculated. At

1000 yr, the calculated saturation was uniform throughout the unit. The

rate at which the saturation front penetrates the rock is in general

agreement with the rates measured experimentally by Reda [4]. In that

experiment, the penetration speed of the saturation front was measured

using gamma ray densitometry.

For all cases, the saturation increase at radial distances greater

than 5 m from the shaft centerline (0.6 m from the MPZ) was less than 0.03.

The maximum increase occurred in the Topopah Spring stratum. It can be

seen that for large times (t > 100 yr) the saturation at the extreme of the

computational mesh increased. This implies that the impermeable

computational boundary condition applied at R - 25 m affected the

saturation distribution and resulted in slightly elevated saturation

profiles at all radii.

Discussion and Conclusions

The results for the analyses presented indicate that the change in

saturation would be quite small when the retained water was assumed to be

initially located in the modified permeability zone. The largest

calculated initial increase in saturation was 0.08%.

Although these calculations apply directly to the shaft geometry,

similar types of saturation increases would be expected in the vicinity of
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the drift. This was indicated in the analytical calculations reported in

SLTR87-2001 (Appendix A).

These analyses did not consider potential effects of local variations

in strata properties that could occur. Thus, under certain conditions, it

can be conceived that the residual mining water could be channeled directly

to an in situ experiment located at some distance, R, from the shaft.

However, without detailed knowledge of the strata variations, it would be

impossible to accurately model these situations.

An effect not considered in these calculations is the effect of drift

ventilation on the saturation profiles. Because any drift ventilation will

tend to dry the drift walls, the already extremely small saturation

increases would be even smaller if ventilation was included in the

analysis. The rate at which drift ventilation affects the saturation in

the vicinity of drift walls was addressed in an earlier study by Hopkins

and Eaton 15]. This study showed that when there is not an MPZ around the

drift, ventilation would affect the saturation level to about 2 m from the

drift wall within one year. The effect of the ventilation system on the

movement of water when an MPZ is modeled will be addressed in a subsequent

study.

It is concluded that for the problem investigated, appreciable

increases in rock saturation resulting from wet mining procedures are, in

general, confined to a small region in the vicinity of the walls. The

conclusions are based on the current level of understanding of the material

characteristics and assume homogeneous material in each stratum. If

planned in situ experiments can be significantly affected by saturation

increases on the order of 0.005 within 10 m of the walls, the retained

water from construction could affect the results.

On the basis of the results of these calculations and the U.S.

Geologic Survey evaluation of the effect on experiments of changes in

initial saturation resulting from construction water, additional analyses

may be identified.
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CONCRETE LINER

Figure 1. Outline of Problem Geometry.
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Vertical Geometry of Hydrologic Strata
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RADIAL DISTANCE (m)

Figure 7. Saturation Profiles for Paintbrush for Times of 1, 2, 10,
100, and 1000 yr.



{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

Figure 9. Saturation Profiles for Calico Hills for Times of 1, 6, and
12 mo.
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Attachment A

FORTRAN listing of subroutines, PERM and FLUDIC, for Tiva Canyon.
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Attachment A (continued)



Attachment A (continued)



Attachment A (continued)

FORTRAN listing of subroutines, PERM and FLUDIC, for Paintbrush.
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Attachment A (continued)



Attachment A (continued)



Attachment A (continued)

FORTRAN listing of subroutines, PERM and FLUDIC, for Topopah Spring.



Attachment A (continued)



Attachment A (continued)



Attachment A (continued)

FORTRAN listing of subroutines, PERM and FLUDIC, for Calico Hills.



Attachment A (continued)



Attachment A (concluded)



Attachment B
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

FORTRAN listing of program, LLUVIA [4].



Attachment B (continued)



Attachment B (continued)



Attachment B (concluded)



Attachment C

Input to the NORIA code for the Tiva Canyon calculation.



Attachment C (continued)

Input to the NORIA code for the Paintbrush calculation.



Attachment C (continued)

Input to the NORIA code for the Topopah Spring calculation.



Attachment C (concluded)

Input to the NORIA code for the Calico Hills calculation.



Attachment D

RIB and SEPDB Data

The values of the material properties in Figure 1 were taken from the

RIB. For the matrix porosity, the values were within the range contained

in the RIB, except for the Calico Hills unit for which a value 0.01 larger

than the range was used. The values of matrix porosity selected were based

on R. R. Peters et al., 1984, "Fracture and Matrix Hydrologic Characteris-

tics of Tuffaceous Materials from Yucca Mountain, Nye County, Nevada,"

SAND84-1471, Sandia National Laboratories, Albuquerque, New Mexico.

This report contains no candidate information for the RIB.

This report contains no candidate data for inclusion in the SEPDB.
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Introduction

The current plan for the shaft drilling and drift construction in the

exploratory shaft facility (ESF) at the proposed Nevada Nuclear Waste

Repository site includes the use of water for dust control and drilling

purposes. During this operation, some of the water will be absorbed by the

host rock. The presence of this water has generated concern about its

effect on the undisturbed conditions of the rock; that is; can this water

increase the saturation of the rock surrounding the shaft to a level which

could have an adverse effect on in situ experiments or performance of the

waste package?

Previous analyses investigating the potential change in the matrix

saturation level from the residual water in the ESF were reported in

SLTR87-2001 and SLTR87-2002 (Appendix A and Appendix B, respectively). The

hydrologic units that were included in these analyses were the Tiva Canyon

welded, devitrified; Paintbrush vitric; Topopah Spring lithophysae-rich;

Topopah Spring lithophysae-poor; and Calico Hills vitric. SLTR87-2001 was

an initial attempt to address this issue, using analytical procedures, and

fulfilled part of the analyses requested in problem definition memo (PDM)

72-22. Two limiting cases were addressed to estimate the radial distance

to which the rock is affected and the maximum increase in saturation that

can be expected.

The first analysis (SAND87-2001) represents a limiting case in that

the maximum radial distance that water can travel into the saturated

fractures of the matrix and the resulting equilibrium saturation increase

was calculated. The second analysis (SAND87-2001) is a limiting case in

that the maximum matrix saturation increase that may occur at any radial

distance from the walls was calculated. The results of these initial

analytical analyses indicate that the change in saturation would be quite

small. The largest calculated increase in saturation was 0.013, when 10%

of the drilling water was uniformly retained in the Tiva Canyon unit in a

10.0-m radius from the shaft center (7.8 m from concrete liner). These

changes in saturation may be less than the accuracy of in situ experiments

and numerical calculations.

C-3



To investigate the effect of some of the assumptions used in the

analyses discussed above, such as fracture saturation and constant radial

saturation distributions, numerical, time-dependent solutions for each of

the four hydrologic strata were made (SLTR87-2002) using the

multidimensional finite element code NORIA [1]. The initial conditions for

these calculations were selected to be representative of the expected

conditions. The results of these calculations show the increases in

saturation within a radius of 25 m from the shaft centerline for

computational times ranging from 1-1000 yr.

Neither the analytical analysis (SLTR87-2001) nor the numerical

analysis (SLTR87-2002) included the possible influence of the ventilation

system on the movement of residual construction water and in situ pore

water. The effect of drift ventilation is included in this study.

Numerical calculations have been made that include the effects of drift

ventilation for drifts located in the Topopah Spring and Calico Hills

vitric strata. These are the only strata that are currently planned to

have drifts in the ESF.

Code Requirements and Problem Definition

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

residual mining water and in situ pore water in the rock matrix adjacent to

the drift walls is modeled using the numerical code NORIA. In this

computer code, the flow is assumed to be in isothermal and matrix/fracture

equilibrium at all times. The development of the matrix/fracture

equilibrium model was discussed in Reference 2. The water is transported

as a result of pressure gradients. A listing of the code used in these

calculations is stored in the Sandia National Laboratories' internal file

storage (ISF). When using the code, it is necessary for the user to

describe the material characteristics, such as saturation and permeability,

as functions of pressure head. This is done in the two subroutines, PERM

and FLUDIC. A listing of these two subroutines for the two different

strata is given in Attachment A. The material properties used in these

subroutines and for the entire analysis are based on those specified in the
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PDM, which lists fracture and hydrologic characteristics based on the

psychrometer measurement of Reference 3 (see also Attachment D).

An outline of the mine drift and the surrounding rock is shown in

Figure 1. To calculate the one-dimensional flow in the vicinity of the

drift wall, a row of 25 eight-node, quadratic finite elements are used

(Figure 2). The elements start at the drift wall, X - 0 m, and extend to

25 m. The distance was selected to be large enough that it would not

significantly affect the conclusions of these analyses. The length of the

elements increased from 0.187 m at the drift wall to 2.85 m at X - 25 m.

Initial and Boundary Conditions

Initial pressure head and saturation values are obtained by assuming

one-dimensional, vertical, steady-state infiltration of Q - 0.1 mm/yr

through the strata shown in Figure 3. This solution was obtained using

LLUVIA, the one-dimensional, steady-state computer code. A listing of this

code is given in Attachment B. The resulting steady-state pressure head

distribution, which establishes the saturation level, is given in Figure 4.

Time-dependent analysis, using NORIA, was made at the two vertical

locations indicated in Figure 3. In each case it was assumed that at time

zero residual mining water was located in the modified permeability zone

(0 < X < 2.76 m), Figure 5, as defined by Fernandez [4]. This volume was

chosen because the permeability in this zone is specified in the PDM to be

80 times larger than that in the unmodified region. Thus, the mining 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 the mining water in the modified permeability

zone (MPZ) would have little effect on the time-dependent results. Based

on the saturation level established by the pressure head distribution

calculated with LLUVIA, the initial saturation for each stratum at the

axial locations shown in Figure 3 was specified such that 0.165 m3/m2 of

water was added to the rock for each square meter of drift wall surface, as

specified by the PDM. Adding this amount of water to the modified zone
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resulted in the following changes in the initial saturation: Topopah

Spring increased by 0.0285, and Calico Hill increased by 0.00682.

A pressure boundary condition is imposed at the X - 0 boundary to

represent the ventilation condition in the drift. The procedure for

calculating a pore water potential is discussed in the ventilation study

done by Hopkins et al. [5]. The equation given is

where W - pressure head (m); R - universal gas constant, 8.314 x 103; T

Kelvin temperature, 299.15; M molecular weight of water, 18.0; g -

gravitational constant, 9.8; and u - relative humidity (%), 10.0.

For these prescribed conditions the calculated pressure head is

-3.25 x 104 m. The corresponding saturation for the Topopah Spring and the

Calico Hills strata is 0.0943 and 0.041, respectively. (Note that if the

relative humidity was assumed to be 90%, the calculated pressure head would

be -1.48 x 103 m and the corresponding saturation for the Topopah Spring

and Calico Hills strata would be 0.133 and 0.041, respectively.)

Listings of the NORIA input for both calculations are given in

Attachment C.

Results

NORIA was run on the Cray XMP computer. Computed times out to 1000 yr

required less than 30 s to run, using up to 60 time steps. The calcu-

lations were expedited because the fractures remained unsaturated and the

computational nonlinearities that occur during fracture saturation did not

exist.

Figure 6 shows the saturation profiles for the Topopah Spring drift

for times of 1 wk, 2 wk, 4 wk, 0.5 yr, 1 yr, 10 yr, and 100 yr. The

assumed initial location of the residual construction water and in situ
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water is shown by the t - 0 curve. The increment in saturation located

between 0 < X < 2.76 m represents the residual construction water.

The saturation boundary condition at the drift wall creates a

considerable amount of drying in the vicinity of the wall. At approx-

imately 4 wk, drying resulting from the drift ventilation completely

dominates any effect of residual construction water. By t.- 100 yr the

effect of drift ventilation on the rock is significant to a distance of

25 m from the drift wall and the effect of the no flow condition imposed at

the right computational boundary influences the calculations. Therefore,

results for times larger than 100 yr are not presented. The discontinuous

slope in the saturation curves is a result of the increased permeability of

the MPZ, which extends to 2.76 m. Enhanced drying occurs in this zone as a

result of its permeability value, which is 80 times the undisturbed zone

value. At 1 yr the effect of drying has penetrated approximately 2 m into

the undisturbed rock. This is similar to the results presented in

Reference 5.

Figure 7 shows the effect of drift ventilation on saturation profiles

adjacent to the Calico Hills drift. Because the permeability of the Calico

Hills material is several orders of magnitude larger than that of the

Topopah Spring material, the time scale for drying is considerably shorter.

The figure shows that after one day of ventilation the residual.

construction water has been completely drawn into the drift by the

ventilation process. By 0.5 yr, drift ventilation affects the saturation

in the Calico Hills rock to a distance of 25 m, and the no flow condition

imposed at the right boundary influences the results. Therefore, results

for times longer than 0.5 yr are not presented.

Discussion and Conclusions

The results for the analyses discussed in this document indicate that

the change in saturation is completely dominated by the effects of the

ventilation system. This ventilation removes the residual water from the

drift walls before the capillary forces can transport it away from the

drift walls and into the undisturbed rock.
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These analyses did not consider potential effects of local variations

in strata properties that could occur. Thus, under certain conditions, it

can be conceived that the residual mining water could be channeled directly

to an in situ experiment located at some distance, X, from the drift.

However, without detailed knowledge of the strata variations, it would be

impossible to accurately model these situations.
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Figure 1. Outline of Problem Geometry.

Figure 2. Finite Element Geometry.
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Figure 3. Vertical Geometry of Hydrologic Strata.

Figure 4. Vertical
LLUVIA.

Distribution of Pressure Head Obtained Using Code,
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Figure 6. Saturation Profiles for Topopah Spring for Times up to 100 yr.



Saturation Profiles for Calico Hills for Times up to 0.5 yr.
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Attachment A

FORTRAN listing of subroutines, PERM and FLUDIC, for Topopah Spring.



Attachment A (continued)



Attachment A (continued)



Attachment A (continued)



Attachment A (continued)



Attachment A (concluded)



Attachment B

FORTRAN listing of program, LLUVIA.
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Attachment B (continued)



Attachment B (continued)



Attachment B (concluded)



Attachment C

Input to the NORIA code for the Topopah Spring calculation.
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Attachment C (concluded)

Input to the NORIA code for the Calico Hills calculations.



Attachment D

RIB and SEPDB Data

The values of the material properties in Reference 3 were taken from

the RIB. For the matrix porosity, the values were within the range

contained in the RIB, except for the Calico Hills unit for which a value

0.01 larger than the range was used. The values of matrix porosity

selected were based on R. R. Peters et al., 1984, "Fracture and Matrix

Hydrologic Characteristics of Tuffaceous Materials from Yucca Mountain, Nye

County, Nevada," SAND84-1471, Sandia National Laboratories, Albuquerque,

New Mexico.

This report contains no candidate information for the RIB.

This report contains no candidate data for inclusion in the SEPDB.
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Introduction

The'purpose of this experiment was to obtain data relevant to the

movement of water into tuff when a short (100 min) pulse of water pressure

is applied to the end surface of a core sample and then allowed to

isothermally redistribute itself. The response of the hydrological

conditions (primarily matrix saturation) to a saturation pulse can be used

to estimate the response of larger configurations, such as a repository, to

temporary flooding conditions such as in wet mining operations. In

addition, this information can be used in the design of future hydrologic

experiments.

Description of the Experiment

A cylindrical welded tuff core (Busted Butte 10-F), which was 26.7 cm

long and 5.08 cm in diameter and had not previously been used in any other

experiments, was initially found to weigh 1248.9 g. The round surface of

the core was completely covered by a Kynar sleeve and sealed near each end.

The core was installed in a cylindrical pressure vessel having access ports

at each end of the core, so that a confining pressure (1.5 MPa) could be

applied to the Kynar sleeve to prevent movement of water across any

surfaces except the core ends (Figure 1). A traversible gamma-beam

densitometer was calibrated [1] and positioned to scan along the centerline

of the core in 0.635-cm increments. Data was taken before, during, and

after the application of the water pulse (0.2 MPa) to the top of the core

while the bottom of the core was maintained at atmospheric pressure. The

data was stored on 7-in. floppy disks in files INTERM.112 through

INTERM.137.a After 21 days, the change in subsequent readings was well

below the noise level of the measurements and the test was stopped.

The temperature of the pressure vessel and its contents was raised to

40 ± 3C and a vacuum (< 0.005 MPa) was applied to the core ends for 14

aAll INTERM data files will be stored at the NNWSI records center in file
51/L07-12/04/85/Q3.
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days in order to dry it out. When gamma-beam measurements were no longer

changing a scan (INTERM.145) was taken and assumed to be the dry reference

scan used in subsequent data reduction. To obtain the saturated scan,

water pressure (0.41 MPa) was reapplied to the top of the core and gamma-

beam scans were taken for 85 days. It was found that only half of the core

had saturated and the movement of the front was extremely slow. To

saturate the core, the pressure at the top was raised to 6.1 MPa (equal to

the confining pressure) for 23 days.

Although the gamma-beam indicated the saturation front had reached the

end of the core near November 6, 1987, about 16 days after the pressure was

raised, no water was observed to be leaving the core. Estimates of the

amount of water that should have left the core, based on the movement of

the front before it reached the end, indicated that a measurable amount

(=I cc/day) should have been observed. Because a measurement of hydraulic

conductivity was planned from the measured water flux, this portion of the

experiment could not be completed. It appears that the capillary pressure

near the core end may have been greater than the applied pressure, and it

was not possible to force water completely out of the rock. After seven

days of no observed flow, an attempt was made to reverse the pressure

gradient to see if water could flow in the reverse direction (from bottom

to top) but in the process of relieving the core pressure there was

apparently some movement of the core and the seal between the core, and the

confining pressure cavity developed a leak. The conductivity portion of

the experiment was terminated at that point. Because the applied pressure

was changed during the imbibition portion of the experiment, a saturated

reference file was made up from a combination of INTERM.194 (for x/L > 0.6)

and INTERM.206 (for x/L < 0.6).

The core was removed from the pressure vessel and weighed on January

25, 1988, and found to be 1300.8 g. This was taken to be the saturated

value. After bake-out of 1 wk at 40C and 1 wk at 100C, the core was

found to weigh 1245.2 g. The difference of 55.6 g was compared to the core

total volume of 541.16 c and, assuming a water density of 1 g/cc,

corresponds to an average porosity of 0.1027. The initial weight of the

core was 1248.9 g and corresponds to an initial saturation of 6.65%. The
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average porosity of the core from the gamma-beam measurements was 0.1037,

which differs from the weight-derived value by 1.0%.

Results

The gamma-beam count rate data was corrected for electronic drift by

comparisons with a reference count rate and was used to calculate the

diameter-averaged core porosity and the saturation (as in Reference 2) for

various times during the experiment. Figure 2 shows the porosity values

obtained from the saturated and dry reference scans used.

The calculated saturation values are estimated to be accurate to

0.03. Figure 3 shows the initial saturation profile, and Figures 4-8

show the saturation in the upper 2.6 cm of the core for the first 2 hr of

the experiment. Scans were only taken over that portion of the core

because a full scan (42 points) required more than an hour to complete and

it was expected that nothing of interest would occur outside the region

adjacent to the saturation pulse during this time period. The core

saturation, averaged over the top 0.635 cm of the core, was found to peak

near 0.7 at 80 min after the start of the pulse.

Figures 9-13 show the saturation over the whole core at various times

to 21 days when the pulse portion of the experiment was terminated. It is

clear that the water is slowly diffusing into the core. Calculations

performed by R. R. Eaton, with the code NORIA, to simulate this experiment

gave good agreement with the saturation values obtained, for assumed

conditions of initial saturation 0.05, residual saturation - 0.0194,

porosity - 0.109, hydraulic conductivity - 0.53 E-ll m/s, and Van Genuchten

coefficient values of a - 0.0227 and - 1.624. These values were

supplied by J. H. Gauthier, 6312, as representing typical properties of

Busted Butte core of the type tested.

Similar calculations for the imbibition portion of the experiment,

with a constant applied water pressure of 0.413 MPa at one end of the core,

showed a saturation front movement that was slightly faster than the
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observed front. After seven weeks, the calculated S 0.5 location was

x/L - 0.47 and the measured value of x/L was 0.39, a 17% difference. The

observed value of porosity, shown in Figure 2, is slightly lower than the

0.109 value used in the calculation, so that the hydraulic conductivity

estimate used in the calculation is probably slightly too high.

In a previous imbibition experiment2 a saturation precursor wave at

approximately the 10% level was observed and it was postulated that a vapor

front moved through the rock at a faster rate than the liquid front and

sorbed on the rock. During this experiment, there was a considerable

amount of scatter in the data at the 10% level from unknown causes but

nothing that could be reasonably interpreted as a sorbing precursor was

observed. One significant difference in the initial conditions of the two

experiments was that the first experiment involved water flowing into an

evacuated core from both ends, whereas the present experiment used a core

at atmospheric pressure with one end open to atmosphere and capable of

passing gas or vapor either way. A gas compression flow therefore must

precede the liquid front and this flow could redistribute any moisture that

is present in the downstream pore spaces. This may be a partial

contributor to the larger than expected data scatter in that region.

Conclusions

Measurements of the saturation of welded tuff core, subjected to a

rapid (100 min) pulse of water at the surface, show that very little

penetration takes place during the pulse and that diffusion into the core

at later times is very slow.
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ATTACHMENT A

RIB and SEPDB Data

This letter report contains the following data that is considered

candidate information for inclusion in the SEPDB:

SAMPLE IDENTIFICATION PROPERTY VALUE

Busted Butte Rock #10, ID 10-F Porosity - 0.104

This letter report contains no information for inclusion in the RIB.



APPENDIX E

Reference Information Base and Site
Engineering Properties Data Base

This report contains no information for inclusion in the RIB.

This report contains the following data that is considered candidate

information for inclusion in the SEPDB (from attached).

Busted Butte Rock number 10-F has a porosity value of 0.104.
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