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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).



QUALITY ASSURANCE LEVELS

Sections 1-3: Data gathered at QA‘Level III. Analyses performed at QA
Level III.

Appendices A-E: 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unpublished information cited in the "Site Characterization Plan."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
constructioﬂ'watéf on the in situ experiments. Performance assessment of
the Yucca Mountain site for postclosure radionuclide transport also
reduires estimates of the effects of construction water on the capability
of the site to isolate and cdntain 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 éngineering 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.fracfures, 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 Af'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 zome (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.



2.0 CONGCLUSIONS

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 6f 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 thétvwater rétained from construction could move
from the surface into the rock if the water is assuﬁed 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 rafe 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, R,, 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

L
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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); ¢f = porosity of
cpnducting fractures (nd); syf = residual saturation-of the fractures (nd);

and Rg = outside radius of the concrete shaft liner (m) (Figure 1).

In these calculations, the radius of the 6utside 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

pressuré, 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

b1 - s_p) |
(sp - 8, = — . = | 2)

where (sf - si{)ym = matrix saturation increase (nd); (1 - spf) = fracture
saturation decrease (nd}; ¢f = fracture porosity (nd); and ¢y2 = 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 hydrolegic 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 Réference 3 are within the

range of values provided in the Reference Information Base (RIB),
i
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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 1 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 estimaées
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,

\'j
(sp - 8;) = 5 (3
£ %t'n 2 _ 2
¢ x(R" - R;)

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 areAgiven} 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-rédial‘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. 7

Casé 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 circlevwith a radius of
3.38 m. Equation_l was also used for this case with the 1nsidé radius of
the drift wall, Rg, 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.

A-8



ot

The increasé in saturatioﬁ 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 straﬁa the ekploratory 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. ‘Theése analyses did not consider pgtenqiai 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 thé potential effects
of the in#tial distribution of the retained water, it is recommended that
time-depeﬁdent,‘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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1. N. E. Bixler, "NORIA--A Finite Element Computer Program for Analyzing
Water, Vapor, Air, and Energy Transport in Porous Media," SAND84-2057,
Sandia National Laboratories, Albuquerque, NM, August 1985.

2. J. A, Fernandez, T. E. Hinkebein, and J. B. Case, "Selected Analyses to
Evaluate the Effect of the Exploratory Shaft on Repository Performance
of Yucca Mountain," SAND85-0598, Sandia National Laboratories,
Albuquerque, NM, 1988.

3. DOE (U.S. Department of Energy), "The Nevada Nuclear Waste Storage

Investigations Project Reference Information Base," Version 03.001,
Washington, DC, December 1987,

A-9



Table 1

Material Properties

Unit Sm | 8y | ¢y-10°
Tiva Canyon || 0.08 0.140
Paintbrush 0.4 0.027
Topopah Litho j| 0.11 0.041
Topopah Rep | 0.11 0.18
Calico Hills 0.46 0.046
fractures 0.0395
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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.

matrix material.
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Attachment B (COﬁtinued)

The output data for Case 1lb 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.
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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 LO%

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

residual water.

region is at constant saturation.
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Attachment C

The FORTRAN program listed below solves Equations 1, 2,

several parametric sets of conditions.

.and 3 for

The program is complete and needs

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

it

Tiva Canyon FraETuR ﬂggsnv-'}
4

05 i
:

|

LR

B B U LITHIO
20 OWINILY Se UV ~2 B OV
AOUILHIRIOIC) S STV XD B

POBPAHIBDURI SO OUITHORIN SN OO

Paintbrush {:B?m §:§g§;m-g§ g§ Yggoms
E -
. 7.48]0
' g .

Topopah Litho fra gg 1TYe__ 4.03 fagsms

i

WOOOOOOOOOOT
VOOOOO00VOCOO Y
(=]
o wv
[

OO+ OVt I OO
JOUD NP4 O CHI+ I O
é;g \vawcna—\—»qaa

il

Topopah Rep £re

(1t

R ™
H’ EESITY M
£+00 }
4

g {5
: §:

S
0E+00
X
X

“‘lnﬂnungzg

NN N B OV 8 I OONIOY

Calico Hills  [r P08 s

O ION
ng [T V- 28 L W F V)

- > & & & 6 & v oo 9
OUDOCADOCH I  “SERODADNIBNONN— OV 3a CLINIOWIC™

et Lt IOV RO 8 B0 D WA I S0 SO "0 W ILMNITI LMD ~HIOT— B

£»

S B WITHIONESPN) o

A= DO BNMDUNe W

WO IRN Bl Jese T3>
® o

4

e e e s » "o a0

A-20



Attachment D (concluded)

The data listed below, for Case 4, give the matrix saturation increase
(SATURATION INCREASE) between the drift wall and FIL1 RADIUS for 10%
residual water. 1In this calculation, it was assumed that the water in this

region is at constant saturation.
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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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In;xoduction

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 Prpblem
Definition Memo (PDM) 72-22. The hydrologic umits that were included in
these analyses were the Tiva Canyon welded, devitriffied; Paintbrush vitric;
Topopah Spring lithophysae-rich; Topopah Spring lithophysae-poor; And
Calico Hills vitric. Two limiting cases were addressed ro estimate thé
radial distance to which the rock is affected and the maximum increase in
saturation that can be expected. The first analysls 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 anyvradiél

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 éoncrete
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 [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
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, Rg = 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, vertlﬁal, steady-étate 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 resultiqg éteady-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,
Rp < R < 2 * Rp, Figure 5, as defined by Fernandez [3]. This volume was
chosen because the permeability in this.zone i1s specified in the PDM to be
80 times larger than.that in the unmodified region.. Thus,Athe ﬁining water
will most likely be nearly evenly distributed in this region before being
transported into the unmodified zone through capillafy 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 éaturation 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. 1In 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~réport¢d in
SLTR87-2001 (Appendix A).

These analyses did not consider poténtialleffects of local variations
in strata properties that could occur. Thus, under ceftain conditions, it
can be concéived that the residual mining ﬁater could be éhanneléd directly
to an in situ éxperiment located at some distance, R, from the shaft.
However, Qithout detailed knowledge of the stirata variations, it would be

impossible to accurately model these situations.

An effect not considered in these calculationslis 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 ventilatién éffects the saturation in
the vicinity of drift walls was addgessed in an earlier study by Hopkins
and Eaton [5]. This study showed that whén there is ﬁot 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 levél 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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Attachment A

OO OODOBINDODOOON

[222])

(2121, IO OO0

o0 oo

FORTRAN listing of subroutines,

SWn

un‘ts - kg. . [

. ) [ ]
BobRbE O
(i ndaladsd s B Tl
vwewoe

iR

variables:

subroutine fluidc(%b tSm Bgfxc?. ?mg,gRII smrl,s
D..l!. ]

thog, ne{em.mat nn)

) e W (rheltonn o),

nwe

it {%"g' iﬁélﬁahuglliz semeldes e

{va Canyon, welded

PERM and FLUDIC, for Tiva Canyon.

sub calc the moisture content and der of moisture content wrt

bfgp

1 %be

terceempres LY ot

DRLE{X poresity

rlmg%e)

hi total orosi hi = anf + anm * 1 -2
gh moisture congzn{ fracture and matr X avera&ld)
%Rm 1sture content o; %Re ?a 1

f moistur content 0 e rac ur

smr residual saturat on o; E
sfr residua) saturation of the frac ure
sm saturat on n; matrix

f ¥atura on of fracture

c racture compressiblltty

dimension t m (8),t(8),
:dimension K is§) QZm Z l% 6¥?§{pm(10).betm(lO).alpp(lO).

properties

data smr
data anm

: e et Wl B
data - 4 .8 0 14 ’ /
i : -gg§s 3§A9 o3 '9°§s§;3§ figo-beel
daa f& _' SRRl Wil it it
saturatfon functfon statement '
satfu(sr,al,ap)s(1-sr)*(1+ap)**(-al) + sr

derivative of saturation function statement

A R AR e i

fracture properties

ey

matrix properties
betps9.8e-7
evaluate moisture content

/
{
/
/
;
/ /
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Attachment A (continued)

"o

(al21,]

o060 17,7,

[a1ala)

oann

€100
Cc

Rl gstnigen

set values for use in computing fluxes and velocities
anml:anm{mat*

- anflsanfima

smris=smr{ma
loop over nodes

szztng"; ko ggﬁz gém hm--.D 000
apfa

SMes tf smr ma
§fesatfu sfr( .a} "Bm

convert saturation_to moisture content

)-sm*anm mat)%(1.-anf(mat))
ean( m§
ﬁ (J? tn (5) |

these effects need to be incorporated into the capacitance tem

2¥%tEgﬂg:i?pgzthle{gggfl(anf(mat)+anm(mat))*(sm—nnf(mat)

fracomps c(ma h?g /{anf(mat)+anm(mat))*(sm-sf)/rhog
compute the derivative of saturation wrt psi

chm=chfu{smr(mat),a m epm,betm(mat),2lpm(mat),phm
chf:chfufsfr( )' . p? betf( ):alg?( ,’:ma}

convert to moisture content and sum terms for total cepacitance

4 - ®
iishm ng(gg g é'+g¥;£m%$3)¢*ffhf anf(mat)
A:cm +1
con
return
end
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Attachment A (continued)

(a1 12],]

subroutine perm(§§n 1,cond2, akmil xm m22 kfgl akff 3
dimension con km i{ .a 22(3 1(3) al’:fZ (8),
dimension EZ?S 6 .pv ; E 8).x .y%

' {4
]ggigtg; enneability (cme#2)

dimens Dﬂ CD

N
33:’3523 nzg %i iaipmuo) betn(10)

datafaton I g, ; 9°zs g.415: g°;s7 0. g°ez§ S0y
¢ note"tha E l g 1 e-5/
,.- c:ngggsfssa'# }gn ,sg;g;a b X 1% sj g 43 33879001

.ap = +api**(-a 12.)*(1.-(ap/(1.4ap) ) x*a))ax2

c fracture p

i’fx er g :XB‘Z JRlm==-000001

adiM={l~-

a1 s, ot
con=confula 1) pn) 2co (En
sl yztf?* i
2 i j -gf ma{} cof*0.001/rhog

ORI R

continu

return

end
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Attachment A (continued)

FORTRAN listing of subroutines, PERM and FLUDIC, for Paintbrush.

broutine fluidc{th,thm,thf,om,enml,anfl, smrl, sfr
gt ine flu c(% (X1 :pa.i.y.eime:philr og,.he em.mat.nn)

8 thls su? calc the moisture content and der of moisture content wrt
[ o p ﬂlm ts-kgg .0

E mat 4, und an ]l H ] s, nonwelded, ziol tic

H ma : un E ¥ 0 é i 2°“¥§}“e3 ository zone

c mat 7. un f oﬁuﬁ rusEr g s Ve lged ({fggophys{l zonz)
g mat 9, unit TOw, anyon, we ded

¢ yariables: | ~ -

c water compres i 1ty (beta prim

§ ggiﬁ %Egt sggpre;si? ty ?a*phg pr%&e)

E Eh‘ o; tugerconi n (¥:a't5¥£ %n‘ngatr‘x avera&ld)

c hm mojsture conten E i

c hf mo f ure conten ?e Erac gri

c smr residual saturation ¢

c sfr residua] saturation of the fracture

e %meﬁm

g {- racture compressib?‘fty

zdimension th&?)§thm£m&§z l {?A’t(ﬁ).

zdimension & pm(!b).betm(lﬂ).élpp(lo).

E properties
gt i’.ﬁ'& ; :3: Lgl g"ﬂ' °°§§ §R§: B:if: "ecBes
322 Je4:847 § 8 B168: §§ §9o o o.b§é§g
gats 2 . :i' ; é Z e-é' 'e-i' Ze- 5
Gaiatelop{ ity Siepigbiely fiter. gpe el :xgé.e-/
2 saturation function statement
©  satfu(sr.el.ap)e(1-sr)*(1+2p)*a(-21) ¢ ST
§ derivative of saturation functfon statement
lcgggigr*a tel gmg‘gzmzt(i),rgtal*(l.+ap)**(-al-1 o)
E fracture properties
sfr=3
iaeioy
§ matrix properties

betps=9.8e-7
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Attachment A (continued)

onn

onn

alals) (212,

ann

[ala1,)

%100
c

evaluate moisture content

AP B w4

set values for use in computing fluxes and velocities

anm -a
anflsan
smrltsmr{ma }

Ioop over nodes

-pg%; 361 hms-.
e

convert saturatfon to moisture content

BN o)

these effects need to be incorporated into the capacitance term

é?%ﬁ%ggBii?SBE%“Ej 31?/(anf(mat)+anm(mat))*(sm-anf(mat)
fracomps= c(mati th?j /(anf(mat)+anm(mat))*(sm-sf)/rhog

compute the derivative of saturation wrt psi
chmschf . t).a
Ehpzehfufsprimat) . a1p.2p0. petp(mat) 41 pp(mat) . pby

convert to moisture content and sum terms for total capacitance

hm*anm(mat 1.-anf mat)) + chf*anf(mat)
ij-cml + wi g + rokcomp + fracomp
con
return
end
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Attachment A (continued)

¢ subroutine perm(condl cond2,akmil akmzz akf}ll,akf.
o 1dimension 3 S%S ?g{ E %§m¥iié?eaﬁm%z(éi°aﬂ$fi 6T3§t¥z!(a).
dimension EZ? Jipv (e
E» gglggletgé’germeabiljty (cm**Z) |
mens on c )
ni{ R
saa 3 §a§‘ i °°as 4868% - °°;s§ R
note"she ®88"tipes b
- éns*{f;o,. i e
c frac ureYSr'ap e(1.43p **(-a 12.)%(1.-(ap/(1.42p))%%al)ar2
Efé: ai%; 6 )ghm-tm?ouggl
"a?f- ;te )**betf |
co?: 3 2 ? 8 m *conm
CE ;Ii ; ? tS? 001lrhog
- 4 ? :af?ma cuf*b Onllrhog
’ E'éna :i'u'?m ke
}'-i‘v 20 _cong ) -a kf%é(i}
. ~re urn.
c
(3
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Attachment A (continued)

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

subro h,thm,thf,cm,anml,anfl,smrl,sfr
1 usr utlne fluldc({ :;ati.y.%ime.phi rhog!ne{em.mat,nn)

th’s su? calc the moisture content and der of moisture content wrt
p in units - kg,m,s.

mE 4 it g Gl e, ol Sl
ma é. un § i§'¥. goggpa ipriﬁ s, weideg ({igosfto§x1zonel)

c
¢
¢
¢
c
E
f miLy -%gmwﬁﬁ=° Rophyt 2o
5 mat 9, unit » §iva Canyon, welded
€ ariables: .
ggé Egﬁmqhvwmwm@
: g &&ﬁ%ﬁ&%ﬁ%ﬁ%ﬂumﬁa
¢ moisture content of Ehe
c hf moi § con en% of ?e fractg
c smr res saturation of the
c sfr res1duaI satgration of the frac ure
I I R e
E 3: §racturc compressibggfty '

dimensfon th(8),thm t(s),

:dimension rﬁgmhm K fix ﬁg}pm(lo),bet.m(lo).aipp(w).
E properties

data(smr -2. {10 } 2 » 0?;. 0?; % 1 » O 08 /

data anm 84, , odds 6. ,

e z I l§§5 g53§§3 2§3 R :°§§3§3 |
. data fc?p 24:3)72.8s- % 85-8" ?é -8; 2 3-8:35:8- ,lgi.g: !
g saturation function statement
c satfu(sr,al,ap)=(1-sr)*(1+ap)**(-al) + sr
g dgerivative of saturation function statement
RS N R R
E fracture properties

r=3.950e-2

Bl
E matrix properties
c betps3.8e-7
(3 evaluate moisture content
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Attachment A (continued)

on O

(alalg)

Lalaly) [ala M o)

o0

ono

00
o

EH el 4 S

" set values for use fn computing fluxes and velocities

anmi=anm '
anfle=anf(ma E}
SMris=smr{ma

foop over nodes

""‘Ez f,éf--frz 23"15 ?°°e;

b

convert saturation to moisture content

hmgi -sm*anm '(1.—anf(mat))

tfxmd? m

these effects need to be incorporated into the capacltance term

éﬁgtgggg:b?tg*thf léhgﬁl(anf(mat)ﬂnm(mat))*(sm—anf(mat)

fracomp- c(ma th?s /{anf (mat)+anm(mat))x(sm-sf)/rhog
compute the derfvative of saturation wrt psi

ghnzchtufsmr (nat) 21n.2pn.betn(mat) & pp(nat) ,phn)
convert to moisture content and sum‘terms for total capacitance

}ijﬁﬂﬁ + witg:éé.;a?gﬁm%mz)++fsgg*anf(mat)
continue

:géurn
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Attachment A (continued)

subroutineEE;ETéggzggcggidE';E:i;ié?f;%g%Z(ngakslg T TOR

genneabillty (cm**2)

i
M%}’ e S0

Or mats

dimension
dimension

ca1cu1ates
units - gm,

dimensfon con
dimension
dimenslon hm
dimens on €O

"gath a?i it

data b$
t no te tha P

(a1aXa]s]

(2]

data(conm(1 .1-4

data(conf {1

c condug} Yel un ¢ ?n H
20ofties

co
fracture pr

akm22 akf 1,ak

8?’

a’af iis?pm(lo) betm(10)

»0. 00;67 +0e DD;Sg 2 ASD 0. OOBZé

éggai-%,;lé i

is {mes_B3
e~ 1§§;e-§, i9$§3§ glse-; 95788/

+3p)**(-a1/2.)*(1.-(ap/(1.4ap))2*al)*=2

3 .-

- iém maf?o?gsi ))Rhmzim maggl

ag':’ﬁ ) )eabats

go?- f? apg}*conm mat

::m'§ ; g i.03 T ts B 001/rhog

e
20 Eggg% u -a *a

gggurn

o0
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Attachment A (continued)

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

subroutine fluidc{th,thm,thf,cm,anml,anfl,smrl,s
i (t.p.pv:pa.x.y.time:ph{ rhog.ne{eﬁ.mat nn)

c

c thl ? calc the moisture content and der of moisture content wrt
g p in units - kg,m,S.

£ m g it B LIER BN Romeeleed: SRME

c mat 6, un w%. i S, we (‘ osftor{ zonel
¢ maE » Un wl, °E°§ h E § Yelded ithophysal zone)
E mat 95, unit . anyon. welded ~

¢ s H

E M ey e,

g gn?p ;rac ture zro pha P

¢ to a1 ros hi = anf + anm ¢ (1 - an Az

c ER mois ure con en fraEture gng matrix averaged)

c m mo sture conten

¢ thf itur conten E grf

c smr res dua satura on © t e matrix

c sfr re;idua sat ra on o he fracture

c $m saturation o

¢ f aturation of frag *‘?

g (4 racture compressibility

(gluls)

Endn

% perston ‘K‘i@?’f’fﬁsk’ x?&ii,ﬁiia,..;mgm,.mm,.
°2‘.’§: §:1 : °o‘.’8

properties
8%::%‘5” °gé°g i: /
ERA 4 o.%o 7262018000 00e537"
il ,zJi e
saturation function statement
satfu(sr,al,ap)s(1-sr)*(1+ap)**(-2al1) + sr

derfvative of saturation function statement
cgggggr* éggtbet s‘g?mzt(i)igg*ai*(l.+ap)**(-a1-1.)
fracture properties
$fr=3
ifiaricy

matrix properties
betp=9.8e-7
evaluate moisture content

;
14
/
/
/

o0 OO0
[y
n
p-9
-

aonn

on oo
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Attachment A (continued)

a0

oOon oo one

[21als)

ann

100
[

am sty

set values for use in computing fluxes and velocities
anml=anm

anf -anf{mggi

smri=smr{mat

loop over nodes

hm=p ’I 09
e

smesdtfu(smr(mat)
sfssatfu sfr( ait,apf

converi saturation to moisture content
;; -sm*an? mat s{i.-anf(mat))
) " ERk)

these effects need to be incorporated into the capacitance term

2¥3§§8$Q:§iépzt§§j ?J;J?I(anf(mat)+anm(mat))*(smwanf(mat)

fracompstc /(anf(mat)+anm(mat))*(sm-sf)/rhog
compute the derivative of saturation wrt psi

= h [ * tﬂ'l ] [ ] hm
ShPEh TR 417 2T BT ™) i 2]
convert to mofisture content and sum terms for total capacitance
hmtanm(mat)*({1.-anf(ma + chf*anf(mat
cgiisscml +(wit%o£ + ro£ om3)+ fracomp (mat)
con
return
e
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Attachment A (concluded)

::;::::::e perm(condl condz a%:ili km:émg ggaﬁ$iffg?‘a¢?2}(a)
c dimension
‘g , ca ‘21‘t8§ germeabil%ty (cm*x2)
SEE i y—
c noteﬂgﬁ §$ , koi 2}}2 8;29 {"éfgs gg"i?i:n?"?sg (7 §°E§é
¢ con%%gi ggn 3 ton’ s ééi ; ? , g - .5 ?ge-g.gx. ;.9 sy
2l,2p)e(1.42p) 5 (-al/2. (1 -(apl(l «42p))*al)e2

c frac?ure P g ertie
akf
con

: Légfm
; |

fe

u{a

Coiu
' re urn

20

(210

a

af mai

) e m?°°?9’
))**betf '

'cog? ma
tf? OOIIrhog
cof0. OOIIrhog

::tm&ii
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Attachment B

FORTRAN listing of program, LLUVIA [4].

PROGRAM INFIL (tty, inputstty, outputstty)
Ihe urpos of thy proiram i to solve for steady- tat ressures

fﬁm ?rob ems javolvin constan ] I{ tr t

Tubction of pidscpre ang ‘m» SuDeaut g “‘ ""' a
so{ t?on P gceguee ¥ 1mp?egen§ed ¥hroug su rou fne DeBD? hich is
one of the SLATEC library routines.
COﬂV? gence for som; E ies will not be obtained with a single
precision version of this program.

ay_1986
RV 9E3ton and P. L. Hopkins, 1511
c IMPklgéT REAL*B (A-H,0-2)
HARAC} ANS ,ANS2,ANS3,YESUP,YESLO

i§§> 3Rﬂzg§°{35& ORK6521201).PHDL0(501)

TML n
WORK
1 BINENSION, BONMY u5(s
A Jou1/ é

ATA TOL ! g.l MAXDIE Q. RH0G/9.8066503/
gﬂ}ﬁ pRat S 137365 {8 {yrpt e ioeB 8

S BT

OPEN (unit=8,form='formatted’',status="'unknown’)
Define nodal coordinates
CALL MESH (NNODE,TNODE)

gn?agignf}}?tr?tign ggtgegggagzﬁther or not initial condition

%RINT ®, 'EENER DOWNWARD INFILTRATION RATE (MM/YR) °*

c

I OO O L g}

0 Eiisf

5576D

! ? ASLUTION FILE GENERATED ? (Y/N)*
YESUP .OR . AN YESLO) THEN

1& NTER NBMBERségofL M% ?s Afons VERTICAL®

TER NUMBER OF ELEMENTS ALONG HORIZONTAL®

LHS*EHE?ILNH§§5§LN$O§16RT AT BOTTOM 2?2 (Y/N)*

o AT O

Oe e 20 2%
~m

- - - =ity

fos

S e ™ LA B
o o N (O

OB RO % N Ne B

v

W
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Attachment B (continued)
i e variables f lution proc ‘
§ Agfg}alazdocumentat?onognSBEgDF ?o? de%gg;g on these variables
» 15
o [l
0 10L? ;g
. o
gtz
(30
NEQ=
vel mEE - g changed in_two Iaceg
ELBS:-l 8844044p-13 © *
Begin solutfon procedure loop
DO 50 Ie) NN

20 ER BEBBE?EfﬂEQi 6Y TO

T,INFO, RTgk ATOL,IDID,RWORK
¢ 1 WiRPAR, IPAR] |
. { (&g}gsfg -7) THEN
T —
FF=ABS( ¥ z-v ¥§
RHF o R Kb EaXbTFs rhen
?Aégl =DIF .
EBPoer
SFB‘}'QH-
15&:! gléAo _iTE(lOUT ,1000) )
50 Eoﬁ%{&ﬁi} UT.ISI ) T,Y(1),PHM RPAR(;).VELZ, MAT MAT
ER=MAXDIF/V *100.
WRITEIBUTBE8Y wlore 2cc |
Write solution file if requested )
EL ﬁ?“’é %Esgﬂr&z JARLorgevEEtos %ﬁ%p‘i" """"""“’
F %g; § EE UP.OR.ANS2. EQ YESLO) THEN
E:; ;0P-NELEH+I
SDQE %% NELI
i 03123“3)‘ ﬁELZ ,
L R
vog [NDI=ABS(ITOP = ((I-1)*NEL1+)))
ﬁé ﬁgl, :PHOLD ﬁDZ+ .
i R
AR
U2t N1 21 PHoLBt INBS?
100 88 “¥26§7 =PHOLD{IND2+3
BHIN=] 050
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Attachment B (continued)
=],8
NELEM
BBy

M
ONTINU
AR
?S }IME DUMMY NELEM, ((US(J2,12),12=1,8),J2s1,NELEN)

bl T
2 A
c

L unit=8,statuss‘keep!
3§§ unit=19 stagus-'kegp))

Y(3
MY
11

1000, f°::::(é é 2(M) coenB L1 TS R CYELOCTTY (N/S) ')
1%%% §RMAT . M§§ E?soi 3. g. ns AT *,D12.5)
3 Ngﬁﬂ Eth ?& e.-.'g;n' H13,') 1)
UBROUTINE F (Z,U, upnxnz RPAR, IPAR)
ATION N_BY CODE
upnxgEkggllzg PRESSORE
MPLIC 25 (A-H,0-2)
gnvgnzgzszig) gpé?ns(1) RPAR(3),IPAR(1)
ALL BRRM(U(1). 7. AMU JAK,Pi)

U
RGN
Define the nodal points

}°§;§ ‘§"°E 1; KR 5 133.£,222,224.4,273.5,335.4,400.0,485.5

BODDS 1 llYNgDSDE(I)

10 CO lNU

c
EEBURN
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Attachment B (concluded)

ROUTINE PERM (P Z,AHU,AK,PHK)
gguél'gégﬁf*a (A-H,0-2)
gLAIEE &EEMEABILITY (H2£2)
fals &ré:

xtw

P
D =4C)

T SNIOPRIRLIN O
2 * vt ppn s 0. T 0 ]
S Y SN

FER2

O DIOOTICICNICHIOND

" Eﬁéﬁgl ! ?’g&?io Ls'a.szwzegmum . |

ﬁ k AF ﬁ ; ’ E ;‘ EIO 00821/

0 Eiaigéﬁgl‘ 1t % gi g g§§4§ E E g Eiéigzigé E?E %i 5E§EZ S? JE-12/

g iR: ggigyg § zg )t ALIZ Y (1.~(AP/(1 *AP))**AL)ttz | |
[hEsL: Eggas o

Define materials according to etevation
&i 5 +130.3) THEN

ELSE ; Z.6T7.130.3.AND.Z.LE.335.4) THEN
ELS F (2.GT.335.4.AND.Z.LE.465.5) THEN
ELS FS(Z GT.465.5.AND.2.LE.503.6) THEN
EL &A o
Egg 0 g 80665

é Z EM;MA; %A &))g"§57u?u2??1

ApestE Jy*4BET
. Eﬁg ‘

k%ﬁég m"ﬂ E"""m
HEEDAEE geéguzaug °M+ F(MAT)*cor
R

2
all done

ﬂ’“

u
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Attachment C

Input to the NORIA code for the Tiva Canyon calculation.

$ {haft dri%iing water
3355; > 1:1000.0,0.001,,,,9.8,variable
1 1
taltcoz’ . 4,2230.,1.6,2. ....2aoo Buosovarfable, 35, 223527
ES,‘QSS%;' : §’ RE : :::. Ot .'"h‘h‘?lf;::% gég”%"
,§ toeopand, 7, 39 K ...- s ....varig?ee. , 4g%§e
| E?&'a‘ca?.; FEHE SR 1‘3::::va.~ HIREE S

; ;%esél’.“’l
°°E)3 .1,

gggiiféfxs.x

OC-‘G -‘:’
:I

-m-o.n--.n-»nm-m

Ddrke,

toot’ M
%z&%%"?ﬁh&lma ,100, ,5,1e4,3.15e7,6.387,3.15e8,3.1589
stOD, pﬂst
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Attachment C (continued)

Input to the NORIA code for the Paintbrush calculation.

water . 00.0,0.001,,,.,9.8, variahle

v,.g

; €0z '

, fopopanz’ &
Ei:%s.sﬁz Ezgi
é 236.45

5335)3 §.1.1

§ E;l“e 19,1
i

$ {haft diiéging water

it 2.@4:“9“3“:%5 B
§§ =i E% e Eriim

ig{mk 6er a¥mal

unz 15218 1.0e2 ,100, .5.1&4.3.1527.6.327.3.15&8.3&1529

stop. post
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Attachment C (continued)

Input to the NORIA code for the Topopah Spring calculation.

3
Eopopahz

K

fvacan

o

coy
)
94,1

$ zhaft d illing water
water » 1,1000.0,0.001,,

i
g ;.',zssﬁ 211
? [+)
|s;
¥

°5)357219 1
v
n
g
!

op, post

tput m

,variable

%2
§§E Wi

S e
Fiiaésa -

var

axi
23pp" o‘3°r3°15 13, 1.0e2 ,100, ,5,1e4,3.15¢7,6.3e7,3.15¢8,3.15¢9
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Attachment C (concluded)

Input to the NORIA code for the Calico Hills calculation.

ge Baft d i%ging water calico hills vitric use materia\s 4 and &
water 00.0,0. 001....9.8.var1able

i g It
Bl G
L R
?uadg7g 1.1
?§a8873‘s’19 1

i 5?%%.&335“%‘%‘“1“:% e
:3::::i ?’l'g"'hariggi:éé%:j %%gw

09d b2, aan'o b ti b;ooovar

et X

a
2 35§°B§:m§§°r3‘¥me;' 1.0e0 ,200, ,4,1€2,2.63¢6,1.57¢7,3.15¢7
stop. post '
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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.



APPENDIX C
SLTR87-2003

NUMERICAL SOLUTIONS FOR THE DISTRIBUTION OF RESIDUAL CONSTRUCTION
WATER AND IN SITU PORE WATER IN THE EXPLORATORY SHAFT FACILITY
AT YUCCA MOUNTAIN, INCLUDING EFFECTS OF DRIFT VENTILATION
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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. Dﬁring this operation, sqme of the water will be absorbed by the
host rock. The eresence‘of this water has generated concern about its
effect on the undisturbed conditioﬁa of the rock; that is; can this water
increase the saturation of the roek'shrrounding the shaft to a level which
could have an adverse effect on in situ experiments or performance of the

waste package?

Previous analyses investigatiﬁg the'potential change in the matrix
saturation level from the residual water in the ESF were reported in
SLTR87-2001 and SLTR87-2002 (Appeﬁdix A and Appeﬁdix 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 1ncrease in saturation that

can be expected

The first anaiysis (SAND8742001) 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'satdration would be quite
small. The largest calculated increase in saturation was,0.013; when 10%
of the‘drilling watef was uniformly retained in the Tiva Cahyon 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.
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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 were made (SLTR87-2002) using the
multidimensional finite element code NORIA [l]. 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 comstruction 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 pfessure 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-stdte computer code. A listing of this
code is givén in Attachment B. The resulting steady-state pressure head

diééribution, which establishes the saturation level, ié 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 miniﬁg 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 saturatiﬁn 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 rdck 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

RT u
W-Elnm ,

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
élope in the saturafioﬁ 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 ﬁrofiles
adjacent to the Calico Hills drift. Because the permeability of the Calico
Hills material is several orders of magnitude largér 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 sﬁturation
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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Attachment A

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

c

000N ODODNDNDODDDOONOONDDODODONONOODO

on0o0

000 o000

oo

subroutine flulidc(th,thm, thf , cm, anmi anfi, smri,sfr,

this sud
P in unit

t.p.BV,pa,.X,y,.time,phi,rhog . netem,mat, nn)

ctlc the moisture content and cder of moisture content wrt
s - kg-mn‘- )

mat 4, unit CHnz, Callico Hilils, nonwelded, zeolltlic
mat &6, unit CHnv, Callco Hilis, nonwelded, vitrile
mat €, unit TSw2, Topopah Springs, welded (repository zone)

mat 7, un
mat 8, un

It TSw1, Tcpopah Springs, welded (lithophysal zone)
It PTn, Paintbrush, nonwelded

mat 8, unit TCw, Tiva Canyon, weliced

varigbles:
betp
alpp
anf
anm
phi
th
thm
the
smer
sfr
sm
sf
fc

2

water compressibliity (beta prime)

rock compressibility (eiphe prime)
fracture porosity )

matrix poroslty

tatal porosity (phi » anf « anm & (1 - anf))
moisture content(fracture and matrix avergged)
moligsture content of the matrix

molsture content of the fracture

resicuel ssturation of the matrix

residusl saturaticn of the fracture
gsaturation of matrix

ssturation of fracture

"~ fracture compressibiifity

dimension th(8),thm(8),thf(€),cm(8),t(8),

p(8),.pv(8).pa(B), x(8),y(8)

dimension smr(10),enm{10}),anf(10),aipm(10),betm(10),8tpp(10},

fc(10)

properties

cata(smr(
catea(anm(
cdasta(enf(

1), le4,8)7 0.110, 0.041, ©0.080, ©0.080, 0.10, 0.002/
1), I=4,8)7 0.28, 0.46, 0.11, 0.11, 0.40, 0.08/
i), lw4,8)/4.8e-5,4.6e-5, 18.e-5, 18.e-5,2.7e-5, 14.e-5/

date(eipm(1),1=4,8)/.00308,0.0160,0.00567,0.005E7,0.0150,0.00821/
deta(betm{i),l=q,0)/ 1.€602, 3.872, 1.798, 1.768, €.872, 1.558/

cate(elpp
date(fc(!

(1),1=4,8)/ §.e-7,26.e-7, 5.8e-7, &.8e-7,82.e-7, &.2e¢-7/
), i=4,8)/2.8¢-8,2.6e~-8, 12.¢-8, 12.¢-8,19.2-8,132.e-8/

saturation function gtatement

satfu(sr,

2l,ap)m(1=8r)%(1emp)%®(=2]) & sr

derilvative of saturaticn function statement

chfu(sr.s
1 sbeteacs

fracture

t,ap,bet,.a,.phm)e(1-sr)*si®(1.eap)**(~01=1.)
bet®*(-phm)s*(bet-1)/rhog

preoperties

gfral . g50e-2

alpfel . 28
betfud, 23

matrix pr

51

operties
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Attachment A (continued)

000 oo

o000

000 000

000

000

100

betp=9.80-7
evaluats molsturs content

alme(l.-1/batm(mat))
alfe(t.=-1./batf)

set values for use In computing fluxas and velocities

anmisanm(mat)
anfi=anf(mat)
smr i=smr (mat)

ioop over nodes

do 100 Jj=1,nn

phmsp(j)/rhog - y(J)

If (phm.gt.-.000001) phme=-. 000001
apme(aipm(mat)?®?(=-phm))**bestm(mat)

apfe(aipfs (=-phm) )}®sedett
smesatfu(smr(mat).,aim,apm)
sfewsatfu(sfr Lalf apf)

convert saturation to moli!sture content

thm( J)ssm®anm(mat)®*(1.-anf(mat))
thf())esfeanf(mat)
thij)mthm()) « thf())

these effects neesd to de incorporatad Into the capacitance term
watcompedatp®th( j)/rhog
rokcompealipp(mat)®th(j)/(anf(mat)eanm(mat))®(sm-anf(mat)
2 s (sm-gf))/rnog
fracompefc(mat)®th())/(anf(mat)eanm(mat))®(sm-sf)/rhog

compute the derivative of saturation wrt psl

chmechfu(smr(mat),aim,apm,betm(mat),alpm(mat),phm)
Chf=schfu(sfr alf apf, betf ,alpf .ohm)

convert to moisture content and sum terms for total capacitance
cmischmeanm(mat)®(1.-anf(mat)) « chf*anf{mat)

cm(J))escml + watcomp + rokcomp + fracomp

em{J)=eml ¢ 1.0e-5

continus

return
end
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Attachment A (continued)

(4
[
€

o0 600

o

nnon

cubroutlne oern(condl cond2,akmtl,akm22,akf11,akf22,
1 th,t,p,pv,pa,x,y. time,phil,rhog,nelem mat,.nn)
dimension conc1(8), cond?(‘).lkmil(B).akmzz(a).akfitla) akt22(8),

1 t(8),p(8),pv(E),pa(B),x(8),
dimension th(B)

calculates permeabllity (cme=*2)

- units - gm,¢ m.sec.

dlmenslon cond(iOO)
dimension pha(100), hkd(lOO)

dimensgion thm(10),af(10),.aipm(10),betm(10)

dimengsion conm(10),conf(10)

rock properties )
Cata(aipm(1),1=4,8)/.00308, 0.016,0,.00567,0.005€7,0.01560,0.00821/

cata(betm()),1=4,9)/ 1.602, 3.872,

y(8)

1.708,

data(ef(l), Is4,9)/4.6e~5,4.6e~-5, 1B.0-5,
note that perm for mnt-s is 80 times bigger than mate?
cata(cenm(i),l=4,8)/2.€~11,2.7¢-7,152¢-11,1.8e-11,3.0¢-7,9.%e-12/

cata(cont(1l),(i=4,9)/20.¢~§,20.¢-5, 1

concuctive functlon statement.
confu(e),ap)=(1.¢ap)**(-nl1/2. )'(1.-(391(1 ‘a:))"nl)ttz
fracture properties

20

eipfu1,. 285

betted 23

dgo 20 J=1.nn

phmap())/rhog - y{})

1f{phm.gt. «.000001) phma-. 000001
apme(alipm(mat)®(-phm))tepetm(mat)
gime(1=1./betm(mat)) '
epfe(anipts (=phm))*spetf
alfs(1=1/betf)
comsgonfu(eim,apm)*conm(mat)
cofsconfu(eif spf)sconf(mat)
akmit(J)e(1,=-af(mat))*com=0.001/rnog
akm22( j)sakmit(J)
akf11(j)aaf(mat)®scof*0. OOllrhoq

- akf22(-))=akf11({})

cond1(j)makmi1({))+akf11(})

- conez(j)eakm22())eakr22()). .

continue
return
end
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Attachment A {continued)

c

N00DONNDOODOODDODONOODONDODODOOODODOD

000

o000 oo0o

o0o0

subroutine fluldc(th,thm,thf cm,anmi, anfl smri sfr,

1

this sud

t.,p.pv,.pa,.x,y,time,phi,rhog,.nelem,mat,nn)

calic the moisture content and der of moisture content wrt

p In units - kg,m,s.

mat 4, unit CHnz, Callco HIilIs, nonwelded, ze0litlic

mat &, unit CHav, Callco Hills, nonwelded, vitriec

mat 8, unit TSw2, Topobah Springs, welded (repository zone)
mat 7, unit TSwi, TYopopah Springs, welded (lithophysal 2one)
mat 8, unit PTn, Paintdbrush, nonwelded

mat B, unit TCw, Tliva Canyon, wealded

varlables:
betp
alpp
anf
anm
phi
th
thm
the
smr
sfr
m
sf
fc

water compressibility (beta prime)

rock compressibiiity (aipha prime)
fracture porosity

matrix porosity

total porosity (phi = anf + anm ®= (1 - anf))
moisture content(fracture and matrix averagecd)
moisture content of the matrix

molisture content of the fracture

residual saturation of the matrix

residual saturation of the fracture
saturation of matrix

saturation of fracture

fractures compressiblitity

dimension th(38),thm(B8),thf(8),cm(B8),t(8),

2

p(B8).pv(8).pa(B8).x(B).y(8)

dimension smr(310),anm(10),anf{10),atpm(10),betm(10),alpp(10),

2

fc(10)

properties

data(smr(
gata(anm(
data(anf(

1), I=4,9)/ 0.041, 0.041, ©.080, 0.080, ©0.10, 0.002/
1), la4,9)/ 0.46, 0.46, 0.1%, 0.11, 0.40, ©.08/
1), 1=4,3)/4.88-5,4.62-5, 18.0-5, 4.1e-5,2.78-5, 14.8-5/

data(alipm(i),1e4,9)/7.0180,0.0160,0.00567,0.00587,0.0150,0.00821/
data(betm(i),l=4,9)/ 3.872, 3.872, 1.798, 1.798, 8.872, 1.558/
data(alpp(i),i=ns,9)/39.2-7,39.¢-7, 5.8e~-7, 12.2-7.82.2-7, 8.2e-7/

data(fc(!

), 1=4,9)/2.8e-8,2.8e-8, 12.e-8, 5.50-8,19.e-8,132.e-8/

saturation function statement

satfu(sr,

al,apl)a(t-3rj)*{t1+ap)*®{-al) + sr

gerivative of saturation function statement

chfu(sr.al,ap,bet.a,.phm)es(1-sr)®*ai®*(1.¢ap)*®*(-at-1.)

1 "betca**

fracture

bet®(-phm)**(bet-1)/rhog

properties

3fral 95Ce-2
aipfe1,.2851%

bth.’.za

matrix pr

cperties



Attachment A (continued)

dbetpea9.Be-7

evaluate moigture content

o006

atme(1.-1/betm(mat))
aife(l.=1,/betf)

set values for use In computing fluxes and velocities

noon

anmisanm(mat)
enflsganf(mat)
smr lesmr(mat)

loop over nodes

[ 3 Ky ]

do 100 J=1,nn

phmep(J)/rhog - y())

If (phm.gt.-.000001) phma-.000001
apme(gipm({mat)}*(-phm))**petm(mat)
epfs{aipfs ~ (-phm))eepetf
smegatfu(smr(mat),aim, apm)
sfagatfu(sfr &a1f,epf)

convert satyration to moisture content
thm({ J)=gmeanm(mat)*(1.-anf(mat))
thf(Jjlesfeanf(mat)

th(J))sthm(j) ¢ thf(})

o000

these effects need to be incorporated Into the capacitance term

000

watcompsbetp®*th(j)/rhog
rokcompeaipp{mat)eth(J)/(anf(mat)esanm(mat))*(sm-anf(mat)
2 S(gm-sf))/rhog o )
fracompsfe(mat)®*th(j)/(anf{mat)eanm(mat))s(sm-sf)/rhog

compute the cerivative of saturation wrt psli

0oo0oo

chmechfu(smr(mat),aim, apm,betm(mat),eipm(mat), phm)
chfechfu(sfr .81f,apf,betf aipf .phm)

convert to moisture content and sum terms for tota! ceapacitance

aono0

cmiachme®anm(mat)*s(1.=-2anf(mat)) « chf*anf(met)
cm(J)scml + watcomp + rokcomp + fracomp
c cm{ }J)=cmt + 1.0e=-5
100 continue

return
endg
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Attachment A (concluded)

o0 0o

0

no

subroutineg perm(condl ,cond2,akmil, akm22 . akfi1t akf22,

1 th,t,p,pv,pa,.X,y,time,phi,rhog,nelem, mat, nn)
dimension cond1(8),cond2(8),akmi11(8),akm22(8) . akf11(8),akf22(8),
1 t(8),p(8).pv(8),.pa(8).x(8),y(8)

dimension th(8)

calculates parmeadility (cmee2)
units -« gm,Cc m,sec.

dimenslion cond(100)
dimansion pha(100),hkd(100)
dimension thm{10),.2¢(10),aipm(10) ,batm(10)
dimension conm(10),conf(10)
rock propertias
gata(aipm()),|=4,9)/7.0180, 0.0180,0.00567,0.00587,0.0150,0.00821/
data(betm()),I=4,9)/ 3.872, 3.872, 1.7%8, 1.738, 8.872, 1.558/
cgata(af(il), I=4,9)/4.80-5,4.82-5, 18.8-5, 4.10-5,2.7e~-5, 14,8-5/
te that perm for mate4 (s 80 times bigger than mate=S
data(conm()),|l=a,9)/216e-7,2.7e-7,1.9¢-11,1.92-11,3.9e-7,9.7e-12/
data(conf(l),I=4,9)/20.e-5,20.8-5, 1.7e-5, 2.208-5,81.e~-5, 3.8e-5/

conductive function statement

4

20

confu(al,aple(l1.eap)®2(-al/2.)*(1.~(ap/(1.+ap))*®al)**2
racture properties

alpfs1.285

betf=4q .23

do 20 J=1,nn

phmep( ))/rhog - y(J)

{f(phm.gt. =.000001) phme-, 000001

apme(aipm(mat)®*(-phm))**patm(mat)

alma(i1-1./batm(mat))

apfe=(atipf* (-phm))®**betf

altfu(1=-1/Detf)

comsconfu(alim,apm)*conm(mat)

cofaconfu(alf,apf)econf(mat)

akm11())={1.-af(mat))*com®*D.001/rhog

akm22())=akmii(]))

akfl1())maf(mat)*cof®0.001/rhog

akf22())=akt11())

cond1( J)eakmii(j)sakf11(})

cond2( ))eakm22( J)+akf22())

continue

return

end
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Attachment B

" FORTRAN listing of program, LLUVIA.

PROGRAM INFIL (tty, fnputetty, outputstty)
he_pur of this program to solve for

in aripo?fo rob ems nvolvin constant 1?§ ady-?tat% gressures
-0 column of layered strata, The permes eac ayer §s

AR guvgazjgg;;?gﬁsgingsghaaasauzaaﬁoza.,e okl Shich 13
ggg: ;gggcse;ggogog$ ghigspgg;} not be obtained with a sing]e
Efy . Eaton and P. L. Hopkins, 1511
MPLICIT T_REAL*S (A-K,0-2)
EHAEACT *]1 ANS,ANS2,ANS3 YESUP,VESLO

ﬁﬁlkzg§°f55QSRY° N6E§l$ox),PQoLo(so1)

US(501

o«

6
inzus )buunv

Eﬁ:: %g:% eg 8 2 /M , v9£66§§ g;s.aos§sna/

S T

OPEN (unit«8, form-'fonmatted'.status-'unknown')
Define nodal coordinates -
CALL MESH (NNODE,TNODE)

$0 ?ut,ggf}]ggrqtigo ggtaegggagggfher or not tnitial condition

RINT &, 'ENTER DOWNWARD INFILTRATION RATE (MM/YR) °

i

O OO O L2}

EN?DggLUTION FILE GENERATED ? (Y/N)'

BT
Rlﬁ tii %F EpﬁgﬁséﬁséfoéfEsEo%sTﬁfgus VERTICAL'
Elgr ‘aé NTER NUMBER OF ELEMENTS ALONG HORIZONTAL'
2 '
Elg; 5 .zzt nS¥E”E¥IL"X§§ E"?o?I“RT AT BOTTOM 2 (Y/N)
? '
B < -gg SRR 0
ENDEF 900,ANS3
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Attachment B (continued)

ln}t13112e varfables for solutd
er to documentation on DEBDF

w15
o Rl
?Ig*- >
NEQ=
[ty
vel mUSEL v._?ag sgozgntyg places.
Begin solution procedure 1o0p
00,8 LS

20 ALL ozaoF } NE ,TOUT, INFO,RTOL ,ATOL, IDID,RWORK
1 ( LR Qt 6 x W,RPAR,IPAR}

IF (§Dz88§2;57) THEN
10720

E JOUT,Y IME RPAR,IPAR)
il
IF

ig D
=T

on procedure
fo? il

¢

F

) T,Y(1),PHM,RPAR(1),YEL2, MAT ,MAT
0.
XDIF.ZLOC

Writ requested

9 nn nform tt '
YRR BR ARECER T8 T0s Fatys " unknown')

gEEUP OR.ANS2. EQ YESLO) THEN

C.'.-ﬁ
'vo

i

ANS
i
TOP=NELEM+1
09 J=
ob ga Ie1 NELL
1
(

i ;) EL2
1§31; 5(¥13PT§E?(J-1)-N5L2+1))
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Attachment B (continued)

'INDI-ABS(ITDP - {((1-1)*KEL1+)))

i kot -;ﬁgtg ND241
l Ngl:é :gﬁ LB NBS 3
\
A
]

=PHOL NDZ2+
=PHOLDI{INDZ2+
IPH8L RD2+

43=PHOL NJZ+
=PHOL

MAX
§y4hME DUMMY ,RELEM, ((US(JZ 12), !2-1 18),J2¢1 NELEP)

E z!b? J,1,Us(9, 1)

8 015.6)

| 1ts 'k
ELDSE (521§-§§s§%§¥35s':§ep))

c
°§ PORKAT( ey 20 et TR veLocTvowss) )

E RPATi§°12 791?} OF *,014.6, - OCEURS AT *,012.5)

ORMAT éaiax .
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Attachment B (concluded)
NNDDE =

0o 4 g 2!) gNSDE(I)
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Define materfals according to elevation
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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.

ng water with ventilation

$ shaft d{il
0.0,0.001,,,,9.8,variable

setu
vater é,i

Ot

vapor
air
calicoz ,
calicov ,
topopah2,
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aintbsh,
ivacan ,

end
1,51.,3
é50952§5215

1loog ,

quad 74.4,1,1
15092,16,2
guad@74,5,19,1

iend
bc peffvary,1,1,4,1

formkf
output mater1

unz
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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 Qh 7-in. floppy disks in files INTERM.112 through
INTERM.137.2 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 + 3°C and a vacuum (< 0.005 MPa) was applied to the core ends for 14

4A]ll1 INTERM data files will be stored at the NNWSI records center in file
51/1L07-12/04/85/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 thaf a measurable amount
(=1 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 yemoved 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-ouﬁ of 1 wk at 40°C and 1 wk at 100°C, 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 cg 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 experiﬁent. 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 showsbthe 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 complefe 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 fbund 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,'toAsimulateqthisvexperiment
gave good agreement with the saturation values obtained, for assumed
conditions of initial saturation = 0.05, residual,saturation = 0.0194,
porosity = 0.109; hydraulic conduéttvity = 0.53 E-11 m/é, and Van Genuchten
coefficient values of ¢ = 0.0227 and 8 = 1.624. These values were =
supplied by J. H. Gauthier, 6312, as represeﬁting typical properties of
Busted Butte core of the type tested.

Similar calculations for the imbibi;ion 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 Iin 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 experiment? 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 gaé 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.
References

1. A. J. Russo and D. C. Reda, "Drying of an Initially Saturated Fractured
Volcanic Tuff," ASME Winter Meeting, December 13-18, 1987, Boston, MA.

2. D. C. Reda, "Influence of Transverse Microfracture on the Imbibition of

Water into Initially Dry Tuffaceous Rock,” AGU Fall Meeting, San
Francisco, December 1986.
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SCHEMATIC OF EXPERIMENT

ND PLUG. EACK END, WITK ENBSEDDED
RESISTANCE MEATER AXD PORTE FOR
FLOW ENTRY/EKIT ¢ P, T MEASUREMENT
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TRAVERSASLE 7 r
Stnsmoutren 7
. HETE g- COMPUTER
Z

boundary conditions: confining pressure > 3.3 MPa
0 <x<l: no flux cenditien
X = L: water pressure = 0.2 MPa from
tize t « 0 to t = 100 minutes;
no liquid flux condition for
t > 100 minutes
air pressure = 1 atm
x = 0: no liquid flux conditien for t>0
air pressure = 1 atnm

Figure 1. A Schematic of the Experiment Geometry.
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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.

BULK FROPIRIIIS DATA COMPILATION FORM
POR THE KNWSI FROJECT SIFC3

PART 1. SAMPLE LOCATION ARD IDENTIFICATION

SAMPLE ID !ll.cl'l_Lﬂ-l SAMPLE ORIGIN _ Busted Butts Rack #10
- SAMPLE INTEZRVAL (1) _W/A 187 # 2
PAXT 3. PARAMZITRS !
nex mxﬂ‘mm SBD UNCERTAINTY [RATURAL STATE 3‘ DEXSITY [ESTIMATED ESBD UNCERTAINTY
(520) (s/ca%)® (s/ea)® (XSBD) (g/em?)® (s/cad)®
" A mw WA
oY BULK ESTIMATED D2D UNCERTAINTY GRAIR DENSITY ZSTDATED GO
(D3D] (a/en?)® (y/cud)® (D) (g/cady® (s/ca?)®
2/ . A 77 ] WA
OROSITY ISTIMATZD POROSITY
%) UNCERTAINTY (1)
0.104 0.003

PART 3. IXPIRIMERY COXDITIONS

GO DIFIRIMENT TYFE OF POROSITY POROSITY CALCULATID BULK DENSITY TICHNIQUE
TECENIQUE USING:
WA Matrix Gamma-Besa Attenuation A
T
SAMILE RSBD SAMPLE DBD SaMPLE GD SAMMLE
MASS (3) MASS (5) MASS (g) MASS (g)
n/A WA N/A n/A

PART 4, REFERENCE AND SUPFORTING INFCRMATION

QA LYVIL OF DATA- SNL XFWSI FROJEICT SNL DATA

GATEIRING ACTIVITY _ 3 DATA SET ID 51/L07-1274/83 REPCRT NUMBIR _SANDBS-2938

THIS DCY COMPLETED BY: E. A. Klavetter 6313 3/20/88
S [ SKL Div. Date

s. To convert g/ca® to kg/e3, multiply by 1.000 E+03,

COMMENTS:
Unless noted, test conditions for tecp ure end p sre sobient.

3/A = not applicable, N/C = not compiled, N/D = ne dats svailadle, TED = to be determined.

Nominal lﬂo DY ) 1 38.7 cm long; 35.08 cm dismeter with cylindrical geometry.

Date originally reported in SLTRES-3001.
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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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