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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 comnstructing 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 statutory

characterization plan for the Yucca Mountain Project.

are collected in this document as a convenient means

previously unpublished information cited in the site

draft of the site
The letter reports
of referencing

characterization plan.
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1.0 INTRODUCTION

The Yucca Mountain Project is currently investigating the feasibility
of disposing of high-level radicactive 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, Statutory Draft (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. 1In 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 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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Distribution of Residual Shaft Drilling and Drift Construction Water in the
Exploratory Shaft Facility at Yucca Mountain

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
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, Ry, 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.
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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

nV + R2 ’ (1)

R =
J ﬂ¢f(1 - srf) 0

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
conducting fractures (nd); syf = residual saturation of the fractures (nd);

Rp = 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

$-(1 - s_.)
f rf
(sf - si)m = -———% ) (2)



where (sf - si)m = matrix saturation increase (nd); (1 - syf) = fracture
saturation decrease (nd); ¢f = fracture porosity (nd); and ¢p2 = 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),

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

conservation of water under these assumptions.

nv
(sg - 8,) = . (3)
£ i‘m 2 2
¢mw(R - RO)

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, Rgp, 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
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 with 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
are also shown in Figure 8, which indicates a maximum calculated increase
in saturation of about 0.007 for a radius of 10 m in the Tiva Canyon unit.
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
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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 Sm | 8y |¢r-20°
Tiva Canyon (| 0.08 0.140 w
Paintbrush 04 0.027
Topopah Litho || 0.11 0.041
| Topopah Rep | 0.11 0.18
Calico Hills 0.46 0.046
fractures 0.0395

CONCRETE LINER

\
FRACTURED /
MATRIX MATERIAL

/ i

N

Figure 1. Outline of Problem Geometry.
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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.
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Attachment B (continued)

The change in saturation

The output data for Case 1lb is given below.
of the matrix (CHANGE IN SATURATION) was obtained by assuming that the

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

is absorbed into the matrix material through

calculated in Case la,

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

The data listed below, for Case 2, give the matrix saturation increase
(SATURATION INCREASE) between the shaft wall and FILL RADIUS for 10%
region is at constant saturation.

Attachment B (concluded)

residual water.
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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.
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Attachment D

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

The FILL RADIUS (m) is the radius to which

data listed below for Case 3.

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

This assumes no water is initially absorbed by the matrix

after mining.

material.
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Attachment A (continued)

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

subroutine fluidc(th,thm,thf,cm,anml,anfl,smrl, s{
1 t.p.pv.pa.x.y.time.phi thog,felem,mat,nn)

c

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

c mat 4, unit an. alico Hills, nonwe1ded zeo\itic

c mat 5, unit Hn alfco H “i' nonwe

€  hat 3 Uit S °F12§" velge 5% ﬁé §°£ 1720n8)
¢ mat 8. unf E gath rusﬁ néneelded phy

g mat 9, unit w, iva Canyon, welde

4 variables:

3 betp water compressibility (beta prime&m

c algp rock compressi?illty (alpha prime)

S

c hi{ { grosf y{ph1 = anf + anm ¢ l - anf Z
¢ h moisture conten (fragtu e and matr X averaged)
¢ hm moisture content of the matri

[ thf moisture content of the fractgrf

c smr residual saturation of the rix

¢ sfr residual saturation of the fracture

c sm saturation of

¢ 1 4 aturation of fraf ?{f

g c racture compressibility

2dimension thg R thmzm zhf(sz 8& t(e),

2d1mens1on gmri § .an IO{ ’pm(lO),betm(lO).a1pp(10).

properties

data smr ]} : ; Ei : Dg 2&
, .4 ) §6: zeg !

SSE: a1pp ’ : , ; 0 ’ °e7

data(fc(1), '1-4' /2. ée- : 2858 1

saturation function statement

satfu(sr,al,ap)s(l-sr)=(1+ap)**(-al) ¢ sr

derivative of saturation function statement

R HEENTE A Rt

fracture properties

sfr-3 950e-2

iaRie

matrix properties

betp=9.8e-7

evaluate moisture content

St it

anoe

0,081, 0,0
o.?%: ;
6§5 !ofSég
Be- : ?;ée

of: B:d0: %0%6E/
é'ﬁgéggi"-a’gﬁg%

§5:82: 8528

0’8 :
vl 9
» 12.e- -

ane o0 OO0
[

o000 0N

(9]
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Attachment A (continued)

o

(g 101,

"oaNn

onNnn

oon

[aXals)

c
100
c

set values for use in computing fluxes and velocities
anml=anm(mat
anflcanf{matz
smrlssmr(mat

loop over nodes

ION
apmaggTﬁmImat?Oigéiéi
3'%‘:?3%?3(3??‘"“ a1 FaeT

convert saturation to moisture content
tn?; ;-sm*anmimat}'(l.-anf(mat))
the ;-thmu? "Rt

these effects need to be incorporated into the capacitance term
watcomp=betpxth

?hm:-ig?ﬂﬂgi

xkh

zrokcomp 3lpp£? %’ § ?l(anf(mat)+anm(mat))*(sm-anfomat)
Jites

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

chm=chfu(smr(mat),aim,apm,betm{mat ;,alpm(mat),phm
ch?-chfu{sfr( ):alf agm betf( ’..18?( );ma;

convert to moisture content and sum terms for total capacitance

Em%- h@égng(wggg*(l.-anf(?at))++ chf*anf(mat)
cm jz-cml + l.0e- o acomp
continue

return

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

The data listed below, for Case 4, give the matrix saturation increase
(SATURATION INCREASE) between the drift wall and FIL1 RADIUS for 10%
region is at constant saturatiom.

Attachment D (concluded)

residual water.
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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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July 1, 1987

Distribution

R. R. Eaton, 1511, and A. C. Peterson, 6312

Numerical Solutions for the Distribution of Residual Construction Water in
the Exploratory Shaft Facility at Yucca Mountain

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 lithophysae-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
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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 whea 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.

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 [1l]. 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
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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, Rgp = 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. 1In 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 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:
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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
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]. 1In 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
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saturation distribution and resulted in slightly elevated saturation

profiles at all radii.
Discussion and Conclusions

The results for the analyseé 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

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 ocecur. 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 situatiomns.

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 [5]. 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
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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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Attachment A

FORTRAN listing of subroutines, PERM and FLUDIC, for Tiva Canyon.

subroutine fluidc(th,thm,thf,cm,anml,anfl, .
1 v ( .p,pv.pa.x.y.t?me.phf rﬁgglnztem.mat nn)

this sub calc the mofsture content and der of moisture content wrt
p in units - kg,m,s.

c
c
¢
c mat 4, un t CHnz {co Hi e!ded ol
c mat 5. Ean: Ea] ] §: RSRﬁe ’? lttc
¢ mat o, un1 % opo ah prings, wel ded {sgos1tor zonez
c mat /, un1 wl, opogah gr n§ elded hophysi1 zoné)
c mat S, ;E rus nweld
¢ mat 9, unit iva Canyod, uelded
E ga;iables-uater com ress1b1 t (beta prime
c a?gg rock compgess b1 y ?a%phg pri%e)
c an fracture porg%
c anm matrix poros
¢ Eh1 total oros1t¥ {phi = anf + anm * 1 - an zz
c h moisture contént(fracture and ma x veragéd)
c thm moisture content of the matrix
c thf mofsture content of the fracturf
c smr residual saturation of the matrix
c sfr residual saturation of the fracture
¢ sm saturation of matrix
c st saturation of fracture
g fc fracture compressib1lity
dimension ¢ thm t(s
2 ARG R -,
Jdimensfon ;mr §),a (103 :21pm(10),betm(10),21pp(10),
¢
E properties
data Smr 1 1.4’ , o 1 0’ 0004 [ ] o 080' b4 z' 01 [ o.o /
datalanm ]:4, / 2.%?, .Gé. .lg. 0.8?. §.4§, 0.8§/
data anf =4,9)/4,.6e- . be-5  18.e-5  14.e ,S. e-5, 14.e-5/
data(a , -4 le 088 . Oég .c.?o;g7.o.gog§é. oAs '°°°°§§é’
gataiss ; R 3'e ' glglds ! 'e7 + 6153 7/
. data fc?g } =4, 3 /2.8e- S Ge-8, ?2 é: ?i .e—$,1§.e-é.§35.e-£/
g saturation function statement
c satfu(sr,al,ap)s(1-sr)*(l+ap)®x(-2l1) + sr
E derivative of saturation functicn statement
chfu(sr,al,ap,bet, hm)s{l-sr)®al*{].+ap)ex{-al-1.
. 1 *pefradx betel-phmg*g(bZtsl)?erg (1.43p)*%( )
E fracture properties
sfr=3 ]
2550817
c b
g matrix properties
c betp=9.8e-7
c evatuate moisture content
¢ alm=(1.-}/betm(mat))
c a!f-[ i /bet$
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Attachment A (continued)

(21 ]

Lalal,)

"N

oM (21aXa)

(a2 2]

chO
¢

2ro comp-a pp (ma

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

=anf{ma
smr =Smr{ma

loop over nodes

??m p?%* Eﬁ 9?6 hme-,00000
apms al m mat { mai?** etm(ma
s’?iiﬁﬁﬁii?ﬁ““ LR

convert saturation to moisture content

thmgi)-sm*anm{matl (1.-anf(mat))

thf =sf*anf(mat

th{J)=thm(J) + tht(J)

these effects need to be fncorporated into the capacitance term

Mo et j £R137/ (ant (mat)+ann(mat))* (sm-anf (mat)

fracomp-‘c(mat; th?g?l(anf(mat)+anm(mat))*(sm-sf)lrhog
compute the derjvative of saturatfon wrt psi

chm=chfu(smr(mat),alm,apm,betm(mat),alpm(mat),phm
chf=chfu sfr( ).alf. Bf.betf( ) ‘aipt ( )'pnm;

convert to moisture content and sum terms for total capacitance

hm*anm(mat)*(1.-anf(mat)) + chf*anf(mat
cm igccml +(watgo g + roé omz)+ fracomp (mat)
cm Ascml +1
con e
return
end

B-15



Attachment A (continued)

"o

lsubroutine perm(conel ,cond2, akm%l gmezgﬁ?kggléa:gggﬁ mat nn%
1dimension ?§§15§2jc33?§5é2a?§T’iig : gi(ag.akfll(é).aifz (8),

3
dimensfon th boyie

alculates ermeabi t Cm**
ﬁnitg - gm,p m,se Mty ( 2)

dimension con
dimensfon ghd
dimension
dimens on Ionm 1

rock ?
data a
data be

o0On

§" tGSi }pm(lb) betm(10)

'°°38§ R e e e
o8 $han e
Yl o s

data a i=4
yi=

§£1on s
;gl +2p **(-a 12.)*{1.-(ap/(1.42p) ) %221 )n22

note tha
data conm )|
data conf
conduct fu
conf u a a

c fracture p g

be - g
hme gz

(]

[ g

i
n
P
er

b L]
o3

1}))ghm--.oooo?

o3
—ted P IOD
=) e WD
» aw’
o RO\
I~
ooc<

(-phm) ) **betf

*conm{mat)
*com*o 001/rhog
c

of*0.001/rhog

3::‘;:5583

-5 JT 200 (¥ (D

gg,‘-—ha

b,
P09} gt § =
Nttt [} a0
Nm-qﬂ [ ]
'-l‘-al-w-'.

a
20 contf
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Attachment A (continued)

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

subroutine fluidc(th,thm,thf,cm,anml,anfl,smrl, s;
1 t,p.pv.pa,x,y.time,phi,rhog,nelem,mat,nn)

thjs sub ee!c the moisture content and der of mofsture content wrt
n units - kg,m,S.

. unit an. alico Hills, nonwe1ded zeolitic
. H ls. nonwe

’ unit g opopah Spr

’ unit wl. opopah Spri
, unit Ew ain rus .
, unit » Tiva Cany

n s we re osftor zonez
e ded 11thophysal zoné)
nwe
n, uelde

ty (?ete prime%e)

‘water compressib
alpha pri

e
al rock compressibi
angp fract urepporos?t
anm matr{x porosity
ghi tota orosity ph

h moist ure conten f
thm moisture content 8
0
0

"-A

thf moisture content
smr residual saturatd
sfr residual saturatd
sm saturation of matrix

?aturation of fractu e
c racture compressibility

dimension t ), thm hf(8 (8),t(8),
2d1mens1on ? B) egm Z? inzéldyfé}pm(IO).betm(lO).e!pp(lO).

properties

data smr
data enm

J
deta anf {
data(al /
A :i 4l
data fc(? §=4.8)7
saturation function statement
satfu(sr,al,ap)=(1-sr)*(1+ap)2*(-al) + sr

derivative of saturation function statement
chfg{sg*‘begetgsgmg‘g Zt(1)’rg*a1*(1.+ap)*'(-e1 1.)
fracture properties

sfr-3 950e-2

Hiaeis

matrix properties

betps9.8e-7

evaluate moisture content

Im=(1.-1/betm(mat

s
¢
t
t
0
]
r

OO0 OOOOOOOOOOOONNONN

(22 aX,]

4,

o000 oo N0
an
-h Snluin,
-

o000 OO0
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Attachment A (continued)

Oaonn

[aTa,) [aXalal 121a%,)

(2 Xals)

4
100
€

rokcomp=al m
2 p ng ?

set values for use in computing fluxes and velocities
anmlsanm{mat

anflsanf(mat
smrlssmr mat}

toop over nodes
do 100 §=1,nn

hmep{J)/rhog -
1 ("gﬁg .-?gooﬂm hpe= 00000
:g?s aipm(mat *{-Bgmii::geg? ma ;
Smes tfutsmr(ma ).,alm,
sfssatfu(sfr 211, apf
convert saturation to moisture content
thf(j)=sf*anf(mat
I
these effects need to be incorporated into the capacitance term
watcomp=betp*th(§)/rho A

p‘ smp i E’%tg§j?/(anf(mat)+anm(mat))*(sm-anf(mat)

fracomp-‘c(mat th(3)/(anf(mat)+anm(mat))*(sm-sf)/rhog
compute the derfvative of saturation wrt psi
chme=chfu(smr(mat),alm,apm,betm(mat),alpm{mat),phm
chn=chfu(snr (nat), ain.apn,betn(mat) 2 pninat) oot

convert to moisture content and sum terms for total capacitance

emi=chmtanm(mat)*(1.-anf(mat)) + chf*anf(mat)
em(jl=cml + wat omg + rokcomp + fracomp
cm 'ml + 10 e~
continue
return
end



Attachment A (continued)

subroutine perm(gondl condz2,
dimension c coné
i e

dimension PVl

units - gm,c

dimension con
dimension
dimension
rod) me'ss‘zfs
Kth ?

m,sec.

coOoNn

:4 9

:4 8

}l 00 OB
r ma

pe
conm 1
data(conf (i
¢ conductive fun
confu(al,ap
c fracture pr

b 5§g°

¢ S
sl

*conm

t5§Rcans

mat}

m
sz
m

| LALE =3 =& "1 Bq-v\o-

ﬂﬂw B

-a
-a

M—wm\’l

[ S
Crlhtldldloslop I I | et | =ts Cibto

1k

20

"o

feht

a(8),x

it i

+ap)*a(-a1/2.)%(1.-(ap/(1.42p))**a))*22

a§m11
kel

akm22 akfll.e

1meaEm%2(889’

T
g) ikn .akf11(é E 22(8),

%

calculates permeability (cm*%2)

{égg:f léiis?pm(lo) ,betm(10)

0. 150 0.00821/
w8 48]

.8e-7,9,.7e-12/
:-5 95 §e1

818 0 00557 O 0150

mes 6 er ﬁ é
.- 5 1.7e % 61.e-5 31

0 361 hme-, 1
; ni))B Ehinacy

(=ph))=sbets

oollrhog

cof*0.001/rhog
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Attachment A (continued)

1,8k122
Joakfil

1subroutine perm(cEndl condz aémil ezéﬁ?k
dimension cond1(8),cédn akm 1% ,akm22
o in?i)"‘ R REHERT

calculates permeabilit cme%2
units - gm.g m,secC. y ( )

imension spat 589)hkd

dimension conm 16’ :81 iis pm(10),betm(10)

dimensi on
rogk,Broper ; § 7.003 g 016.0.90567,0.00567,0,0150,0.00821
SREAIARE LR EL e

mat,nn

f
(8 RO

~Je

o006

[

il
notedgta perm, og ma mes 61 er ﬁanggal !y 98-7.9.7e-12/
Gatalcont E i-4:91/3 % 6e- 5 1 7e g i.7e-5.81.e-5. 3.8e- g/

[

¢ conduct ve funftion s emen

c fra%%ﬂﬁg 3’§§ zzé§+ap (-a1/2.)%(1.-(ap/(1.42p))**a1)x22
gee;ai;s} Rn
??gEﬁé. £ 59960351} RO 000001
apn=(a1bmina)*(-pom)) **betn(ma
apfs{alpf* (-phm) )*sbetf
alf= 1-2/ etf)
et e eom
:Em%% 'aémiéf m tf?*c 001/rhog
ak?%% :afgma lcof*o 001/rhog
akf =akf]
cond :"‘i 51:‘.:3%(33

20 Eggti 1]

rggurn

on

B-22



Attachment A (continued)

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

subroutine fluidc(th,thm,thf,cm,anml,anfl, smrl,sfr,
1 t,p,pv.pa,X,y.time,phi,thog,nelem,mat,nn)

th]s su? ca!c the moisture content and der of moisture content wrt
n units - kg,m,s.

mat 4, unit an. a11co H111s nonwelded, zeo1 tic

., unit ¥ al co ? nonwelded f

mat , unit TSw opop a ngs, we lded’ re os tor zonez

mat 7, unit wl Eoggg h r1n S, e ded 1ithophysal zone)
»

ndnweld
mat 9, unit w. iva Canyon, velded
variables:
t water compress

i
al rock compressib
gp fracturepporo 1
anm matrix poro?
osity

h total * -
Ehi otal por anm 1 anf%gd)

moisture conten matrix avera

hm moisture content
tht moisture content
smr residual saturati
sfr residual saturati
sm saturation
4 aturation of fra
c racture compress

dimension t },thm
2d1mension 2 i%?).aim% Z
2
properties

SHimok:

al R , 160,0.
HiatiBes Ry
data(fc(1}, 1=4, . »2.8
saturation function statement
satfu(sr,al,ap)=(1-sr)*(1+ap)**(-2a1) + sr
derivative of saturation function statement

chfu{sr*a tglbet s‘g?mzt(l)igg*ai*(l.+ap)**(-a1 -1.)

*pef*a**
fracture properties
sfr-3 950¢e-2
e
matrix properties
betp=9.8e-7

evaluate moisture content

‘1 = o'l,betm mat

(s lalalalalalalolatolalal ot ottt T 1 1,1,1,1.7,1,1,]
O

X
H

(8),t(8),
l%?f(&%m(m),bm(m) .21pp(10),

aoon

s4’
&

aonn o0 00
[ ]

OO0 0N

o
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Attachment A (continued)

c
c

aonn

onn (212 N, )

o0

[a2212]

c100
¢

zrokcomp-; pg£?§

set values for use 1n computing fluxes and velocities
anml=anm({mat
anflsanf(mat
smrl=smr{mat

loop over nodes

‘°z%f’ f0 995 612
apms aipmzmat B betm
smss tfu smr(mat) a1 :*b t

sfesatf uisfr aif,a Bm§

convert saturation to moisture content
thm(§)=sm*anm(mat *{i.-anf(mat
%“fiii '*‘9 i ‘ { (mat))
h(J)=thm(J) + thi(J)
these effects need to be incorporated into the capacitance tem

uatcomp=betp*th§jl{ﬁ;g?/(anf(mat)+anm(mat))*(Sm-!"f(mat)

r
fracomp=tc(mat)*th(J)/(anf(mat)+anm(mat))*{sm-sf)/rhog
compute the derivative of saturation wrt psi

chm=chfu(smr(mat),alm,apm,betm(mat),aipm{mat),phm
Ehpzchfu(spr(mat).alm.apn. betn(mat),alpn(mat) phm)

convert to moisture content and sum terms for total capacitance

ciijhm*anm(matg*(l.-anf{mgmz) + chftanf(mat)

?hm--.o oog}

=Cml + watcomp + ro + fracomp
continue
return
end
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Attachment A (concluded)

1subroutine perm(ggngl ,cond2, akm§1 ?ﬁ 266? ;% §a§;¥§ﬁ
dimension cond1(8),cond ki 1§ *afm (8 ] kfll(é
Dl ?E;”‘ jendglefadkatite] y(af

calcul erm kel
g R (o)

dimensfion con )
gimension B }égga%‘f ilaipm(m) betm(10)

rog‘mEﬂg on CO
k487 ? X -4 ]/ g:so 0 057 .0.00567,0.005

(2 X212]1,]

RO

50,0.00821/

c noteg%§: e ’ .4 s 6 g er gﬁ ﬁ %:gg52 ié7§ li.e§gf
il ég’gsé eI sy
¢ conduct ve fun i on statemen t

l . L 2 ¥ ® . . &% P
¢ fracﬁﬂrﬁ 8r§§g 1,430)4%(-21/2.)* (1.~ (2p/ (1.42p))*421)**2

=

~4D

? e i ghm ?000?1

(=phh))*=bett

*conm mat
mz ;Oollrhog

cof=0. OOIIrhog

)

§

e ==t O103
) ~H -

o
.~*S
PNrsps i st 0 @ e

I

IR O3

0 O 09 OF DT B e ~Jo

LB BB EE "

3

L&Auw&uﬂa
[N Ny
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Attachment B

FORTRAN listing of program, LLUVIA [4].

PROGRAM INFIL (tty, inputstty, output=tty)

The purpose of thi ? program is to solve for stead state ressures
n ar? roblems involvin constant nfiltration 9
umn of ayered stra a e permeab 11ty of eac ay er
stion of press re an E { subrout ge ERM. Runge Kut a
so ut on procedure 1s impliemented through subroutine DEBDF which 1s
one of the SLATEC library routines.

Convergence for some gases will not be obtained with a single
precisfon versfon of this program.

May 1986
R R %Eaton and P. L. Hopkins, 1511

T REAL*B (A-H,0-2)
NS ANS2, ANS3 YESUP YESLO

H#'ﬂ

G/9.8066503/

MAX
66 o

/8 ,O.I
* {0,
87 &ESLO;
OMMON IRAT / VELBC
CSMMON / MAT/MAT
OPEN (unite8,forms‘'formatted',status='unknown')
Define nodal coordinates
CALL MESH (NNODE,TNODE)

ut 1nf1}?trat1 n rate and whether or not initial condition
ution file s to be generated.

\O

OO OO0 O o

EE£§T'* 'EN§§R DOWNWARD INFILTRATION RATE (MM/YR) °
Caly 5576D
Egigtgﬁ ¥ ;3u1wANT §8LUTI°N FILE GENERATED ? (Y/N)®
900 RMATZA
ANS.£0.YESUP .OR .ANS . EQ.YESLO) THEN
g!gT.téé §¥§R NBMBER 6EOEL MENTS ALONG VERTICAL®
QigT.*QQE"TER NUMBER OF ELEMENTS ALONG HORIZONTAL'
NT &0 f MENT N NG_START AT BOTTOM ? (Y/N)'
Eigrg;b-thE 5%5 WILL Hsg E ?ogl' (Y/¥)
NT =,! UMBERING HORIZONTAL 7 (Y/N)*
RiNT * 'Z£¥ NOT, WILL Agguns VERTICAL;'( )
ENDgFo 900 ,ANS3
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— DEC-ZZ-'88 13:22 ID: SNL 631y

Attachment B (continued)

l"?"‘l"ﬁozﬂ&lﬁ 1§i°§°5n‘8§g§}°902’ §d¥‘s on these variables

§

10 n:&?l Jodet®

's

¢

§

8%

meg 1 st o

Begin solution procedure Yoop
- DO

20 ) lgﬁ’1§ég§g?¥;§‘°guo{&'EYﬁ;lﬁiﬂ;f}gk;‘T°L"°’°'“"°R“

El f vx7) THEN
B bt

BN
i
‘Eﬁ
y
" e

RS

e
7

tOP oNELEM+1

t

(% El THEN
i
R
.
L

EL1
eL2
g&&’iﬁs(71a THEY (9-1)aNEL241))

ELSE subl AfS(lTOf {(1-1)*NEL1Y))
Hﬂ L

100 ?ﬁ (IND2+3]

. Ea‘%*au i!ﬁﬂ P

TEL NO:505-845-B883

s ‘f’m e

£

TE(I0UT,1000)
&# ?ERt) T.¥(1),PHM,RPAR(1),VEL2, MAT ,MAT
/

g §Ek 4 7BTBR  KREOERe bE8 oy SHiky e 'unknown')

UP «OR.ANS2.EQ.YESLO) THEN

HZ258 PY4 .



Attachment B (continued)
E
LEM

LOSE (unit=8,statuss'keep )
LOSE {unit=1%,status="keep')

c ‘
1000 FORMAT(PSI Z(MQERMEABILIgYiM*g) VELOCITY(W/S) )

IE OF '.,D14.6,! OC URS AT *,D12.5)

ERCENT_ERROR= '.D .
SRR R R

Z,U,UPRIME, RPAR IPAR)
EN BY CODE
UREB CO.

NS —~ " -Zivoe

L A-H,0-2)
§AT§;) gPéIHE(I) RPAR(3),IPAR(1)

RM{U(1),Z,AMU,AK,, PHM)

iszaae il

UPRIME(1)

T T
Z NN T
s, B
NNy
R

(=4

o oL 1§ HobEta

odal points

c

- CMIDD IO
TMIZMOUUV VO
nuxnchd)dibznn

(=

Defin

sTon"
DATA (%
di

NODE (
E {é §g°§;§ 1. g 222,224.4,279.5,335.4,400.0,465.5

l!? 9”895(1)

é 268

™
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Attachment B (concluded)

790 -
743 7E-12/

D§-S/
: }5.0.00821/
E

%

&1?10?ET"(10’
:
3

ES PERMEABILITY (Me<2)
;
0
:

S are:

ettt Yl Q. LLHDOD
ZZOIX T b *OOON
nxu:ﬂHD¥LNNn |kKRS¢7.
o= i . WO OLIC OO .
VIMNO <L <L OO e somny

oU
ON
L1
LAT
{al
H2
Hn
W
W
i’;
N
;
;

:
M
i
sei
E
:
?
:
:

g 3L <L L L L L DO X Mud
o S =
)

- O

Define matertials according to elevation

T T x

[TV Ty

X X x

- - -

L an TR o T o )

- O W -4

[ [} . oy,

o 0 ™M Or-

™M W O OM

™M = (@] [T

. . [ O (=)

= EEoc ¢

. ° . (1Y) H m —

~N NN o o [ oot

. . . o of o ot m

o O a o # X

z & 2 L B T St
xE & o e O N
w . 3 EE OO~ N
X M < L € Zo— +4
- g he * N oar-a ~dLIEE

o 1 W OI1<C)1 X *X0
-~ N M O O OEw O Lb-OX
™M vt M o o O~ L. & e
. . . . 0 O~E o™~ O Z~ m
QD - - - . ot 2ol | > AVX
™M O U v NI =~ DO~ X
-4 . L3 L4 € 1 X Wl it <o
* NN N KT il A I Z pm K ey
BNV et N OOFX ASIDIZO. D |
-t « W W #§ OXUVAO i CIDNLME O
o=l Bl Bl 8 OO U 1 D 1V ZX N LD
[N O T e ey b F <L) | Wit (N
IM <Clad 0O Lt ) e O

WEWEWEY) O HO. 6 6 080D i~ 4
W N N N L ZOTETFL TN 8l 8~
= o W WITWO. 0 0 WOWOAN e

W oW W REAAACWJR a [- <1Y]

ﬁ [YV] .

(2.8 3 ]

311 done
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Attachment C

Input to the NORIA code for the Tiva Canyon calculation.

ft drig

s
[ ]
[ ]

ging water
00.0,0.001,,,,9.8,varfable
2

lesy ! g §§§':’: : ::::::E2§822§:}:83;;;§§gi:§;§::35;;§§§§%:3
s P S
* §.2450.:1.6. 24:112082160 :128:112 riab1e:;§5::4322e7

ormkf
’m°5°'3‘¥2315 1.0e2 ,100, ,5,1e4,3.15¢7,6.3¢7,3.15¢8,3.15¢9



Attachment C {(continued)

Input to the NORIA code for the Paintbrush calculation,

$ ghaft dri}
setup .
water .

- e.ew

3o §83
1geXs
AR
i 3 e
vl 4 821

phe l“‘o

ngﬁz'ma :?’:*mal
nzgpp:o.s. 3.15e13. 1.0e2 ,100, .5,1e4,3.15e7,6.3e7,3.15¢8,3.15e9

top, post
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Attachment C (continued)

Input to the NORIA code for the Topopah Spring calculation.

$ ihaft drilling water
Vﬁé’: * §:3800.0,0.001,,,,9.8,varsable
al .
cal ez : ‘:§§9§::§:§: :2::::§E°8%2§:‘: :::'"‘F%SE@‘::§E"§%§§%§5
foponehe: §:0800: 1601401 15 165, viitatle, 38 0106
10 paeabanh? :g§?8::1:2: dree 1100150 :.,.vamsu.:gé..ggasw
}3 E;;acan » 9,2480.,1.6,2.4,,,.081288 ,1.0,,,,variable,,35,.22352e7
13151,3 1, 94,1
% % 5725 3
2 $§d. ; % 255
é ?$§35)4:§.1.1
] quad 0oB13%9%9,1
i ?3” froa 21y
; §§z?3p m33°r3°15e1 1.0e2 ,100, ,5,1e4,3.15¢7,6.3¢7,3.15¢8,3.15¢9
8 stop. post



Attachment C (concluded)
Input to the NORIA code for the Calico Hills calculation.

% %haft drig11ng water calico hills vitric use materials 4 and §

vafer > 1.1000.0,0.001,,,,9.8,variable
:apor .

2 cli}co , 4,23;0.,%.s,z.g,.,.ggogggo.}.g,,,,vg;1:g1g,,%g,.§oge5
Canosaky 25200 1015411210000 8 10 apqupeaPie o {2akYs
B BaR e Ll i ety
1% Eiéacan : S; 380..1.6.2.4,...082100°,1:0.,,,var a61e,:§5..4§22e7
,1,51,3, .94 , 1, .94 ,1

i% %%i%s%és%?s?égfxs.ss.xs

}7 11003 9,%

: quadbiaid

fg 810250

5 end

g §3€Q§€ mater a*ma1l

39 gnz1pp: .5 3 1%e7, 1.0e0 ,200, ,4,1e2,2.63e6,1.57e7,3.15¢e7
58 stop, post



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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March 17, 1988

Distribution

R. R. Eaton, 1511, and A. C. Peterson, 6312

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.

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.

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
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the drift walls is modeled using the numerical code NORIA. 1In 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
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 nut
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. 1In 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
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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
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 portential is discussed in the ventilation study

done by Hopkins et al. [5]. The equation given is
RT )
V=ig " 100

where ¥ = 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 ¢ = relative humidity (%), 10.0.

For these prescribed conditions the calculated pressure head is
-3.25 x 10% 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.
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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
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
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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.

These analyses did not consider potential effects of local variations
in strata properties that could occur. Thus, under certain conditions, it
can be concei&ed 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

000000000000 00000000000000

o000

000 0oo0o0

0no0o

subroutine fluidgc(th,thm, thf cm,anmt anfi, smri, sfr,
1 t.p.pv,pa,x,y,time,phi, rhog,nelem , mat, nn)

this sub calc the moisture content and der of molisture content wrt
p in units ~ kg.m,s.

mat 4, unit CHnz, Callico Miils, nonweided, zeolltlic

mat &, unit CHnv, Callico Hilis, nonweidedg, vitric

mat 8, unit TSw2, Topopah Springs, weided (repository zone)
mat 7, unit TSwi, Topopah Springs, welded (lithophysal zone)
mat B, unit PTn, Paintbrush, nonweided

mat 9, unlit TCw, Tiva Canyon, weided

variables:

tbetp water compressibility (beta prime)

alpp rock compressibility (aipha prime)

anf fracture porosity

anm matrix porosity

phi total porosity (phi = anf « anm ®= (1 - anf))
th moisture content(fracture and matrix averaged)
thm molisture content of the matrix

the moisture content of the fracture

smr residual saturation of the matrix

sfr residual saturation of the fracture

sm saturation of matrix

sf saturation of fracture

fc fracture compressibility

dimensiton th(8),thm{8),thf(8),cm(8),t(8),

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

dimension smr(10),anm(10),anf(10),aipm(10),.betm(10),2lpp(1D),
2 fc(10)

properties

data(smr(i), I=4,8)/ 0.710, 0.041, 0©0.080, ©0.080, 0.10, 0.002/
cdata{arnm(l), I=4,9)/ O.28B, 0.48, 0.1%, 0.11, 0.40, 0.08/
cata(anf(i), (=4,8)/4 8e-5,4 . 6e-5, 18.e-5, 18.e-5,2.7e-5, 14 .e-5/
data(alpm(il),=4,8)/7.00308,0.0160,0.00567,0.005£7,0.0150,0.00821/
data(betm(l),Ii=4,9)/ 1,602, 3.872, 1.798, 1.788, £6.872, 1.558/
cate(alpp(l),i=d,8)/ 9.8~-7,26. -7, 5.8e-7, §.8e-7,82.e-7, 6.2e-7/
data(fc(!l), ind4,9)/2.8¢-8,2.8e-8, 12.e-8, 12.e-8,19.2-8,132.e-8/
saturation function statement
satfu(sr,al,ap)=(1-sr)®*(t1eap)®*®(-al) + sr

dgerivative of saturation function statement

chfu(sr,al,ap.bet.a,phm)e(1-sr)*ais(1.+ap)®**(-al-1.)
1 *bet*a**bet*(-phm)**(bet-1)/rnog

fracture properties
gfr=3.950e-2

alpfal 2851
betfad 23

matrix properties
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Attachment A (continued)

betpe=s. 8e-7

evaluate molisture content

o0o

alme(l . -1/betm(mat))
alfe() ~Y,/bDetf)

set vaiues for use In computing fluxes and velocitlies

000

anmieanm(mat)
anfisanf(mat)
smr issmr(mat)

foop over nodes

0o0oo

do 100 Jel,nn

phmap(j)/rhog - y(J)

1§ (phm.gt.~.000001) phme~ 000001
apme (aipm(mat)®(-phm))®**betm(mat)
apfe(alpf® (-phm))**betf
smesatfu(smr(mat),alim, apm)
sfasatfu(sfr ,alf, apf)

convert saturation to moisture content

o000

thm( J)asm®*anm(mat)®*(1.~anf(mat))
thé()lesfoanf(mat)
th(llethm()) « thf())

these effects need to be Incorporated {nto the capacitance term

0oo0o0

watcompebetp®th( ))/rhog
rokcompsgipp(mat)®th(j)/(anf{mat)+anm(mat))®*(sm-anf(mat)
2 *(sm-sf))/rhog
fracompsfc(mat)®*th(j)/(anf(mat)eanm(mat))*(sm-sf)/rhog

compute the derivative of saturation wrt psi

000

chmachfu(smr(mat),alim,apm betm(mat). alipm(mat), phm)
chfuchfu(sfr ,alf apf betf .aipf .phm)

convert to moisture content anc sum terms for total capacitance

000

cmischmetanm(mat)®(1.-anf{mat)) + chf*anf(mat)
em{ j)=cmt « watcomp « rokcomp « fracomp
c em{j)meml ¢ 1.0e-5
100 continue

return
end



Attachment A (continued)

c
c
[

o0 00

0o0o0

no

subrout ine perm(condl,cond2,akmtt akm22.,akf11,akf22,

1 th,t,p.pv,.pa,.x,y,time,phi rhog,neiem, mat, nn)
dimension condi(8),cond2(8),akm11(B),akm22(8),akf11(8),akf22(8),
1 t(8),p(8),pv(8),.pa(B),%x(8),y(8)

dimenslion th(8)

cailculates permeabllilty (cme=2)
units - pm,c m,sec.

dimension cona{100)
dimenslion phda(100),hkd(100)
dimension thm(10),&¢(10).alpm(10),betm(10)
dimension comm({10),conf(10)
rock properties
data(aipm(1),led4,9)/.00308, 0.016,0.00567,0.00567,0.0150,0.00821/
data(betm(i),|=4,9)/ 1.802, 3.872, 1.798, 1.798, €.872, 1.5%8/
data(af(l), lod,9)/4 . 86e-5,4.6e-5, 1B.e-5, 18.e-5,2.7e-5, 14.e-5/
te that perm for matsf Is 80 times bigger than mata?
data{conm(l),i=4,9)/2.e-11,2.7€-7,152&-11,1.9€-11,3.8e-7,9.7e-12/
data(conf(l),l=4,9)/20.e-5,20.e-5, 1.7e-5, 1.7e-5,61.e-5, 3.8e-5/

conductive function statement

f

20

confu(al,ap)s(l.¢ap)®**(=-al/2.)*(1.~-(ap/(1.¢ap))*=al)*=2
racture properties

aipéml . 285

betf=ad. 23

g0 20 J=1,nn

phmep(})/rnog - y(J)

1f(phm.gt. =-.000001) phme- 000001

apme(aipm(mat)®*(=-phm))**petm(mat)

aims{1-1./betm(mat))

apfe(aipt® (~phm))**betf

alfe(1=-1/petf)

comsconfu(aim,apm)®*conm(mat)

cofuconfu(alf,apf)®conf(mat)

akmii( J)=s(1.-2f(mat))*com*0.001/rhog

akm22( j)=akmit(J)

akfii{))eaf(mat)®cof®*0.001/rhog

akf22())wakf11(})

condi(j)eakmii(j)eakf11()J)

cond2( })=sakm22( j)+akf22())

cont inue

return

end



Attachment A (continued)

[
subroutine filuldgc(th,thm,thf cm,anm! anfl smri sfr,
1 t.p.pv,pa,x,y,time,phi,rhog,neiem,mat,nn)

this sub caic the moisture content and der of moigsture content wrt
p in units - kg,m,s.

mat 4, unit CHnz, Callco Hillis, nonwelided, zeclitic

mat &, un!lt CHnv, Calico Hills, nonwelded, vitric

mat 6, unit TSw2, Topopah Springs, welded (repos!itory zone)
mat 7, unit TSwi1, Topopah Springs, welded (llithophysal zone)
mat B, unit PTn, Paintbrush, nonwelided

mat 8, unit TCw, Tiva Canyon, welded

variabies:

betp water compressibliity (beta prime)

alpp rock compressibiliity (alpha prime)

anf fracture porosity

anm matrix porosity

phi totat porosity (phl = anf « anm * (1 - anf))
th moisture content(fracture and matrix averagecd)
thm moisture content of the matrix

the moisture content of the fracture

smr residual!l saturation of the matrix

sfr resicus! saturetion of the fracture

sm saturation of matrix

sf saturation of fracture

fc fracture compressibility

N000O0DOOO00D0D0O000000000O000DO0

dimension th{B8),thm(B),thf(B8),cm(B),t(8),

2 p(8).pv(B),pa(B),x(8),y(8)
dimension smr(10).,anm(10),anf(10),atpm(10).betm(10) . ,atpp{(10),
2 fc(10)
c
c properties
c
data(smr(l), i=4,8)/ 0.041, 0.041, 0©0.08B0, ©0.080, 0.10, 0.002/
data(anm(i), I=d4,8)/ 0.485, 0.46, 0.11, 0.11%, 0.40, 0.08/
data(anf(l), led4,9)/4.68e-5,4.6e-5, 18.e-5, 4.1e-5,2.7e-5, 14.e-5/
dgata{eipm(i),i=sd4,9)/7.01860,0.0160,0.00567,0.00567,0.0150,0.00821/
dgata(betm(l),i=q4,9)/ 3.872, 3.872, 1.798B, 1.798B, 6.872, 1.558/
data{mlipp(l),i=d4,98)/35.~7,38. -7, 5.8e-7, 12.e-7,82.e-7, 6.2e-7/
data(fc(i), imd4,8)/2.80~8,2.8e-8, 12.e-8, §.6€6-8,19.e~8,132 . e-8/
c
c saturation function statement
c
satfu(sr,al,ap)e(t=-sr)*(ieap)®*(~-al) + sr
[
c derivative of saturation function statement
c
ehfu(sr,a!,ap,bet,a,phm)m(l=sr)®*al®*(1.¢ap)®**(-al-1.)
1 ®pbet*at**pet*(-phm)**(bet-1)/rhog
[
c fracture properties
c
sfrel.950e-2
aipfet.2851
betf=4.23
c ;
c matrix properties
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Attachment A (continued)

000 000

000

00 o000

nooon

0o0o0

100

betped.8e-7
evaluate moisture content

aim=(1.-1/betm(mat))
alfe(1.=-1./Detf)

set vailues for use In computing fluxes and velocities

anmisgnm{mat)
anfisanf(mat)
smr lesmr (mat)

loop over nodes

g0 100 Jjet, nn

phmep(j)/rhog - y(J)

1f (phm.gt.-.000001) phma~,000001
apme(aipm(mat)®*(=-phm))**petm(mat)

apfe(alpf® (-phm) )**petf
smagsatfu(smr(mat),aim,apm)
sfasatfu(sfr .alf apf)

convert gsaturation to moisture content

thm())=sme*anm(mat)*(1.-anf(mat))
thf())esfsanf(mat)
th(Jjlsthm(J) + thf())

these effects need to be incorporated into the capacitance term

watcompsbetp®*th(j)/rhog
rokcompeaipp(mat)®*th{j)/(anf(mat)+sanm(mat))*(sm-anf(mat)
2 s(sm-sf))/rhog
fracompsfc(mat)*th(j)/(anf(mat)eanm(mat))®*(sm-sf)/rnog

compute the derivative of saturation wrt psi

chmechfu(smr(mat).aim,apm betm{mat). alpm(mat), phm)
chfschfu(sfr ,alf,apf betf alpf .phm)

convert to moisture content and sum terms for total capacitance

cmiachm*anm(mat)® (1. -=anf(mat)) + chf*anf(mat)

cm( )J)=Ccml + watcomp ¢ rokcomp « fracomp
cm({j)=cml + 1.0e-5

cont inue

return
end



Attachment A (concluded)

subroutine perm(condt, cond2,akmli,akm22 akftl akf22,

1 th,t,p,pv,ps.x,y,time,phi,rhog,neiem,mat,nn)
dimension cond1(8),cond2(8),.ekmi11(8) akm22(8) ,akf11(8),akf22(8),
1 t(8).p(8),pv(8),pa(8),.x(8B),y(8)

dimension th(8)

caiculates permeabllity (cmee2)
units - gm,c m,sec.

00 0o

dimenslion cond(100)
dimension phas(100),hkd{(100)
dimension thm(10).8¢(10).aipm(10),betm(10)
dimension conm(10),conf(10)
c rock properties
dgata(aipm(l),i=d4,8)/7.0180, 0.0160,0.00567,0.00567,0.0150,0.00821/
data(betm(!i),im=4,9)/ 3.872, I3.872, 1.788B, 1.788, 6.872, 1.5658/
gata(af(l), imd 8)/4.6e-5,4.6e-5, 18.e-5, 4.1e-5,2.7e-5, 14, e-5/
€ note that perm for mated (s 80 times bigper than mats$
data(conm(i), =4, 8)/216€-7,2.7€-7,1.8e-11,1.9€-11,3.9€-7,9.%7e-12/
data(conf(!l),|=4,9)/20.-5,20.=-5, 1.7e-5, 2.2e-5,61.e~5, 3.8e-5/
c conductive function statement
confu(al,ap)s(l.eap)®®*(=-21/2.)%(1.=(ap/(1.e2p))%%al)**2
¢ fracture properties
alpf=1.,285
betf=d.23
go 20 Jjs1,nn
phmep(J)/rhog - y())
If(phm.gt. ~.000001) phme-,000001
apme(aipm(mat)®*(-phm))**betm(mat)
alme(1-1./betm(mat))
apfm(atpt® {(-phm))®=sbetf
alfes(1=-1/betf)
comsconfu(al!m,apm)sconm(mat)
cofsconfu(alf,apf)®conf(mat)
akmi1tl(J)e(1.-af(mat))*com*0.001/rhog
akmz22( j)=sakmii1(J)
akf11())eef(mat)=cof*0.001/rhop
akf22( J)=akf11()J)
cond1())makm11(]J)eakf11(]))
cond2( })sakm22(J))eakf22())
20 continue
return
end
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Attachment B

FORTRAN listing of program, LLUVIA.

PROGRAM INFIL (tty, fnputstty, outputetty)

The purpose of this pro ram {s to solve for ste
1n Darfy fiow ?roblems navo vin? constant 1nf11
-D column of ayered strata., The permeability
un tion of pressure an? given b{ subroutine
so vtio prgcedure 1s implemented through subro
one of the SLATEC library routines.

Convergence for some E ?es will not be obtained with a single
precisfon version of this program.

May 1986
R.”R. Eaton and P. L. Hopkins, 1511

T_REAL*8 (A-H,0-2)
ANS ,ANS2,ANS3, YESUP, YESLO
zwro 15) RYORK (26
0

0

e
e-Kutta
gnich is

8} 5(56 N DE{gOI).PHOLD(so1)
9.8066503/

COMMON /RATE/ VELBC
COMMON / MAT/MATEL

OPEN (unit=B8,form='formatted’',statuss='unknown’)
Define nodal coordinates

CALL MESH (NNODE,TNODE)

1nf}1atration rate and whether or not initfal condition

?uti ile {s to be generated.

OO OO0 O

PR{NT’*.'ENTER DOWNWARD INFILTRATION RATE (MM/YR) °

QELEc-lngE ’3 155750;

gaingso'ogng WANT SOLUTION FILE GENERATED ? (Y/N)'
RMAT (A

500 §§ {ANé.é&.Y;SUP.OR ANS.EQ. YESLO} THEN

E?Ath'ﬂEE§ ER NUMBER OF ELEMENTS ALONG VERTICAL'
EgkgT"ﬁéngER NUMBER OF ELEMENTS ALONG HORIZONTAL®
R}Nr N {}L 8¥EMENT nxggsnéuc START AT BOTTOM 2 (Y/N)'
RAngsb'stzN WILL TOP)*
TN R S ER A

ENE%?D soO.lnss
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Attachment B (continued)

w
[ ]
—
£
L]
~—
- b d
> S
x
VD o
3 -
L' [=]
=4 -
- [a]
—
= -
o —4
(e}
W —
e e
e -~
s X -} ot
Qe O<
e Q.
oo [- <ol
[ - a
Qe oo
o L L
Ch- Zxa.
o . r—
w—ia, (v - a
- « -x
po 130 (V] pe T
—i < (=8 Ol
o — o -
“ Q (=] o5
[ = — >oc
“— O O @]
o Bre @ ~-x
- o LS ] [ y—t
o [= N ] Cr -
L e CT O wx
L -~y . Xl
— Q O Uk~ e
Fo Rl VT O Qi »
[+ J =4 QG e O
~—a W oW Q Zud.
—E v (~] [V} z00
o e Oes L B 1 “«Om
2L SO Lt O v Zud
RN T=Y~} V1 o~ A Q
DG rern o s e - B 2 rm
~N bt WO W) = —d
O O~ 08 ~NNOXD ~ O
—ad O~ U U 4 O WO
o L OO~OQOX Xiud &b (o *]
= OQZr—r—~ LI N o
AU QAP cded I c o
Lt [ =3 -
ca on vy
— — a)
o 0 <
> o~
(=]
O OO0

0) T,Y(1),PHM,RPAR(1),VEL2, MAT ,MAT

—
<
a.
-
-
oc
<Ciuy ~~
acE o
oce—e (=] (&)
-« o (o]
wia. X — —4
XD W - ~
—it x — -
LA~ - =D e
x OO~ o -
tad Al Yy - o)
x 0 O — oO»x
- —~L _d—s [¥¥] Ol
—O.uid [ —XQ.
_— O S > b —— «
r~ b S B 4 VY [ B %
([ =] o e~ ONE - WO oo
SN v ) Qe M
O\~ Zr—til— 8 ~L = OO
Ui > O > DOu-—~ O~ Deetvd

S

OC o T BTV e T WPV PV
[V Z ] Llsirmda ZOOZLU T ui—r—
"~ il L O Lol D rmar—esl. B L (X —or—e

-~
[ =
3
o
=
>
=
3
[ 4
[ w
22X X
Fotryirest
[ 30 =4
Ll Y o
) [=] ~~ o~
L I | —
i T 4
Oa W N e
Q) O -
TN . [YV R VY
o Oy X =
< e bl “« o
<y . ~ o~
Ww N 4 o4 )
O+« W 4 I e ) —~—
L d ] m e I L Lo 2V V7107 0700 ) Ll
=2 -t et TP e
=1 ¢ . e e OO . -
- & o L [wiaTatalalalylal 7
wee © r \ XTXXTZTE St
Q . - [ T I S ety (772 )
s a. O, O S fo Yoo 1
oa. ) ~0O 0O oOooanaco X e -
0N Lo - " TREE S Y T Y N N Y Y Y ) [V ¢ 4
] ¥ d A e e OO00O0000 —<Lo—e
[ TVRTRVE X W uW e~ s XITIEIITX WX X
. LB BN B B ] -
A Cre—eisd Ul e EM m D et i T O3 L ren ian L]
T O Nee s ol e ANNODOMT Ol 8 8
[ =S IVY 1 V) [ R e N M L ] . e e ) Orrryad —olid
INZVIa. o ~ LN O} v trtrtrtrtrtrtrt ey & XX
SZUNZO O OOmZZ I OOOOAAOAZT | OO LT

AX L O SOIlAIElPNNNNNNNNI L L
w (7o A o B = S it ] (7 P o LSNP 7 i gy L
—4
Al

C-20



Attachment B (continued)

3}-PMAX
g *gMEéDUMMY NELEM, ((US(92,12),12«1,8),J2=1 NELEM)

UMHY

c
=
-—

OO L

e " e 22 ® N
HC‘
o-»-n

g 216? J,1,Us(9,1)
18,D15.6)

N
[ =]
oo
e

00 ZXOoZXNOOX

VN OX -~

T e et NN — €
M1 ZMOOM—v—

o0
- - moo

s='kee
us:'kegp))

SSURE
ERMEABILITY%M‘Z) VELOCI?Y(M/S) )

at
ta
(
E ' ,014.6,° occuns AT ',D12.5)
¢

§ROR .
? .s%o it f/))’ 13 70

'ﬂ./z
'v—'rﬂ:

(Z,U,UPRIME,RPAR,IPAR)
OSEN_BY CODE
SSUR

-H,0-2)
ME(1),RPAR(3),IPAR(1)

JO~
—O3»

RM(U(1),Z,AMU,AK,PHM)

w
M 004 2> 3> 3> 20

IO IMDI0 00
TMOZMUO U U U<
o ZrO COOX0—

o

8 Define the nodal points

DATA (zuoos(1§ 1= 5) /
3 950,583 831 ?ggol;§.%13.5.222.224.4.279.5.335.4.400.0.455.5

b°J0 11 oot
10 CONTND {i):ZN DE(I)

RETURN
END
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Attachment B (concluded)

5,0.00821/

5/

5
g
g
1
12.)%(1.-(AP/ (1. +AP) ) *%AL) %2

(P,Z,AMU,AK,PHM)

o~ N
™™~ & e oo +
NN ZZ W)
Nu 2 HNO~)
Wttt bt et
* S ZU W - s e g Y
~Q LOwW VO~ W0
~ OX W LIt e Z O | 1O
(VY ~o F—rara Dy O_LLILNGYD
ZILr~ VWD ZZU—EF Il OOON

= = = e 0 UOOWCA) ¢ ©
DL L IDNCEIICE NNOLLOACNID~—  setap
OO d A LTV Q ZZOCAAarmrasTILMM § &
EA DU OO~ Lt <L O Mials.
MIE O XX O ZDu0
DO ﬂMﬁ...... II“MAAAAUOTHLE
(7,78 o0 leValaVaTatETS o)
QO EKITUNON (@] < < <

o E04 of IO
2
1
V4
M
(

ERMEABILITY (M**2)

SEC.
1
N

LOOLOLOLOLLLLL O

Define materials according to elevation

C

.130.3) THEN
Z.GT.130.3.AND.Z.LE.335.4) THEN
(Z.67.335.4.AND.2.LE.465.5) THEN
(Z.GT.465.5.AND.Z.LE.503.6) THEN
.B066S
o]
33?*1*&'”“3
(-PAA))**BETF
M)*CONM(MAT)
SAN
JAPF)
MAT
OM+AF (MAT)*COF
ttz

=5
6
0
H
G
P
;
:
A
o
]
F
8
M
e

Als
F

"ELSE I
;
T
A
1
,

M
A
A
b
i
E
£
2
N

MAT=4
MA

IF &Z.L

ELSE
ELS
E
3
H
H
F
P
:
b
E
0
K
P
K
:
N
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Attachment C

Input to the NORIA code for the Topopah Spring calculation.

$ shaft drilling water with ventilation
setup , 2 ,51
water , 1,10600.0,0.001,,,,9.8,variable

end 51,3
0:00 zé,g
222,222,
end

11oog 9,2
quad8/4,6,1,1
15000.16,2
quadgi4,7,19,1

jend
bc,peffvary,l,1,4,1

,500,,10, .864e5,.1728e6, .6e6,.12e7,.24e7*
.127& ,»315e8,.3

en
stop, post
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Attachment C (concluded)

Input to the NORIA code for the Calico Hills calculations.

$ shaft drilling water with ventilation
setup , 1,81
water . 1,1000.0,0.001,,,,9.8,variable

C

ien
bc,peffvary,1,1,4,1
end

formkf, .
output,material
unz1pg,0.0 .315
.157e8,.31%e8,.
end

stop

stop, post

,all
e?o, .0e-5 ,500,,10,1e-4,.864e5,.1728e6,.6e6,.12e7,.24e7%
315e9,.315¢e10
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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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Sandia National Laboratories

Nevada Nuclear Waste Storage
Investigations Project

Issued February 1988

SATURATION PULSE IMBIBITION EXPERIMENT

A. J. Russo and J. A. Lewin



February 18, 1988

E. A. Klavetter, 6313

A. J. Russo, 1511, and J. A. Lewin, 1512
Saturation Pulse Imbibition Experiment

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. 1In
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

D-3



data was stored on 7-in. floppy disks in files INTERM.112 through
INTERM.137.8 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
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
(=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

aa1l INTERM data files will be stored at the NNWSI records center in file
51/1L07-12/04/85/Q3.
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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 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 cc 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
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-11 m/s, and Van Genuchten
coefficient values of a = 0.0227 and B = 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
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.
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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.



SCHEMATIC OF EXPERIMENT

L] WD PLUG, EACK ENMD, WITH EMSEDDED
l RESISTANCE MEATER AKD PORTS FOR

PRESSURE VESSEL FLOW ENTRY/EXIT P, T MEASUREMENT

A
gs T™ERMAL
73 CONTROL
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% 1
to A4
sounce D —e ? Lo ] pETECTOR + ELECTROMCS
! ¢
2
TRAVERSASLE .4 ‘ o
GAWMA BEAN | ﬁ
OENSITOMETER | 73 !
. 87 73 CoMPUTER
%

T

boundary conditions: confining pressure > 4.3 MPa
0 <x<Ll: no flux condition
x = 1: water pressure = 0.2 MPa from
time t = 0 to t « 100 minutes;
no liquid flux condition for
t > 100 minutes
air pressure = 1 atnm
x = 0: no liquid flux condition for t > 0
air pressure = 1 atm

Figure 1. A Schematic of the Experiment Geometry.
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ATTACHMENT A

RIB and SEPDB Data

candidate information for inclusion in the SEPDB:

SAMPLE IDENTIFICATION

This letter report contains the following data that is considered

PROPERTY VALUE

Busted Butte Rock #10, ID 10-F

BULX PROPERTIES DATA COMPILATION FORM
FOR THE NNWSI FROJECT SEFPDB

Porosity = 0.104

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

PART 1, SAMPLE LOCATION AND IDENTIFICATION

SAMPLE ID BB Rock ¢ 10-F SAMPLE ORIGIK

Busted Butts Rock #10

N/A TEST ¢ _ 1

* BAMPLE INTERVAL (ft)

PART 2. PARAMETERS
=

SATURATED BULK DENSITY{ESTIMATED SBD UNCERTAINTY [NATURAL STATE BULX DENSITY {ESTIMATED NSBD UNCERTAINTY
[SBD] (g/cm®)® tg/en’)® INSBD)  (g/cm®)* tg/en®)®
/D R/A n/D A
DRY BULK DENSITY ESTIMATED DBD UNCERTAIKTY GRAIN DENSITY ESTIMATED GD UNCERTAINTY
(DBD) (gfcm®)d (g/ca?)® [6D) (g/cmd)t (grea®)s
N/D n/A /D R/A
POROSITY ESTIMATED POROSITY
1) UNCERTAINTY (1)
0.104 0.003
PART 3. EXPERIMENT CONDITIONS
GD EXPERIMENT TYPE OF POROSITY PORDSITY CALCULATED BULK DENSITY TECHNIQUE
TECHRIQUE USING:
Nia Matrix Gammoa-Beam Attenustion N/A
SBD SAMPLE NSBD SAMPLE DBD SAMPLE GD SAMPLE
MASS (g) MASS (g) MASS (g) MASS (g}
N/A LYZY N/A R/A
PART 4, REFERENCE AND SUPPORTING INFORMATION
QA LEVEL OF DATA- SNL NEWS1 PROJECT SNL DATA

GATHERING ACTIVITY _ 3 DATA SET ID 51/107-12/4/85 REPORT NUMBER _SAND28-2935
THIS DCF COMPLETED BY: £. A. Klavetter 6313 3/20/88
Name SNL Div. Date

a, To convert |/m3 to k;/na, wuitiply by 1.000 E+03.

COMMENTS :

Unlsss noted, test conditions for temperaturs and pressurs sre asbiant.

N/A = not epplicaeble, K/C = not compiled, K/D = nc dats svajlable, TRD = to bs determined.

Nominal Semple Dimensions:

26.7 cm long; S5.02 co diameter with cylindrical geometry.

Date originally reported in SLTR88-3001.
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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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