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Waste Isolation Evaluation
Artificial Infiltration Testing at UE-25 UZN-7

1. INTRODUCTION

1.1 Purpose of Evaluation

Science Applications International Corporation (SAIC), acting on behalf of the Yucca Mountain
Site Characterization Project Office (YMPO), Regulatory and Site Evaluation Division (RSED)
and in accordance with AP-5.21Q, Revision 3, requested Waste Isolation and Test-to-Test Inter-
ference Evaluations from the Civilian Radioactive Waste Management Systems Management and
Operating Contractor (CRWMS M&O) for artificial infiltration testing at neutron borehole UE-25
UZN-7 [Weaver, 1993].

1.2 Planned Activities

The planned infiltration test will be performed using a 3 m (10 ft) diameter metal ring centered
around UZN-7 1o confine water for ponded artificial infiltration experiments. The water will be
maintained at a constant head of approximately 10 cm (4 in). The infiltration test wiil use a total
quantity of no more than 200,000 liters (53,000 gal). A lithium bromide tracer may be added
during the application of water [Weaver, 1993].

1.3 Quality Assurance

This report was prepared as a quality-affecting activity according to CRWMS M&O
Implementing Line Procedure NLP-3-17 “"Development of Waste Isolation Evaluations”
[Houseworth, 1993a). Format and content guidance was provided by the M&O "Waste Isolation
Evaluation Preparation Plan #1." including its associated checklist, to assure that no activities and
potential waste isolation impacts were overlooked [Houseworth, 1993b].

No computer code calculations were specifically performed for this evaluation. Some of the data
and referenced analyses used in this evaluation may not have been approved for quality-affecting
work. The extent and possible effect of non-qualified data, analyses. and computer codes on the
evaluations, conclusions and recommendations of this report were rot specifically determined.
However, the conservative assumptions, estimates and methods used in this evaluation address
any reasonable scenario and are therefore expected to bound potential impacts on waslte isolation.

2. BACKGROUND INFORMATICN

2.1 E\;aluation Approach

This evaluation is based on both gualitative arguments and quantitative bounding estimates of the
potential impacts of the planned activity on waste isolation. The following previous waste isola-
tion cvaludtion provided background information: Waste Isolation Evaluation, Exploratory Studies
Facility, Surface Systems for Water Conveyance and Disposal [Houseworth, 1993c].
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2.2 Relative Locations and Elevations

The planned artificial infiltration test location is shown in Figure | relative to the conceptual peri-
meter drift boundary (CPDB) and conceptual controlled area boundary (CCAB). The neutron
borehole UE-25 UZN-7 is located in the center of Pagany Wash, about 0.72 km (0.45 mi) outside
and northeast of the nearest point of the CPDB; inside expansion area 2; and about 2 km (1.5 mi)
inside and southwest of the nearest point on the CCAB [EG&G, 1992). UZN-7 lies between
UZN-6 and UZN-8, with UE-25 UZ #4 lying between UZN-6 and UZN-7 [Brandstetter, 1993].

Table 1. Relevant Elevations

Location Elevation above m.s.l. Reference
Surface Elevation of UZN-7 1200 m (3940 ft) EG&G, 1992
Hydrogeologic Units:
Tiva Canyon welded, top 1188.1 m (3898 f) Loskot et al., 1992
Paintbrush nonwelded, top 1173.5 m (3850 fu) Loskot et al., 1992
Topopah Spring welded, top 1094.3 m (3590 ft) Loskot et al., 1992
Potential waste package emplacement, top 1000 m (3281 ft) 10 CFR 960.4-2-5 (d)
Ground-water table in vicinity of UZN-7 731 m (2400 ft) Ervin et al., 1993
ESF north ramp invert at portal entrance 1123 m (3684 f1) Rodgers, 1994
ESF north ramp invert at Topopah 1067 m (3501 ft) Rodgers, 1994

Spring main drift junction

2.3 Relevant Hydrogeology

The expected major near-surface lithologic units in the vicinity of the planned trenches are
alluvium and colluvium, Tiva Canyon Hydrogeologic Unit, Paintbrush Hydrogeologic Unit, and
Topopah Spring Hydrogeologic Unit [Loskot and Hammermeister, 1993). The Paintbrush
nonwelded (PTn) Hydrogeologic unit that underlies the infiltration site is belicved to be a
capillary barrier to fracture flow between the highly fractured Tiva Canyon welded (TCw)
Hydrogeologic Unit and potential waste package emplacement zones in the Topopah Spring
welded (TSw) Hydrogeologic Unit [YMP, 1993a; McKenzie, 1994). This capillary barrier is only
effective if the capillary pressure in the PTn is greater than the water entry pressure in the TSw
fractures. Because the water entry capillary pressure for fractures :s believed to be low relative
to capillary, pressures at unsaturated conditions in the PTn, water is nct expected to be able to
enter fractures in the TSw until the PTn is nearly saturated {Montazer and Wilson, 1984].

24 Affected Natural Barriers and Engineered Items

The proposed activities will affect the Unconsolidated Surficial Materials (USMs). The USMs
include alluvial, colluvial, eolian, debris-flow, and other detrital deposits overlying the Paintbrush
Tuff. Additional underlying hydrogeologic units may also be affected. depending on the quantity
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and behavior of the applied infiltration water. The USMs are on the Management Control List
[YMP, 1993b] and the remaining underlying hydrogeologic units are on the Q-List
[YMP, 1993a). The apparatus used to perform the infiltration test are temporary items not
intended to be used during operation of a potential repository.

The planned infiltration testing activities do not use engineered items on the current Q-List
[YMP, 1993a) and MC-List {YMP, 1993b]. These activities could affect the characteristics of
natural barriers that overlic a potential repository expansion area.

3. SPECIFIC EVALUATIONS AND INTERPRETATIONS

3.1  Hydrology

The main concern regarding the planned activity is the potential for percolating water to migrate
to potential waste package emplacement zones. As discussed in section 2.3, the capillary bammier
in the PTn Hydrogeologic Unit is believed to act as a barrier to water entry into fractures in the
TSw unit. Matrix flow is possible across this barrier, but the TSw matrix saturated hydraulic
conductivity is approximately 8.8 x 10" m/sec (2.9 x 10" fusec) [YMP, 1993c]. A water
saturation front in the TSw matrix would advance approximately 23 m (75 ft) in 10,000 years
given a unit hydraulic gradient and a porosity of 0.121 [YMP, 1993c]. Because the potential
emplacement zones lie a minimum of 94 m (308 ft) below the PTn/TSw contact, water movement
from the PTn/TSw contact in the TSw matrix is not expected 1o impact waste packages within
a 10,000 year period.

Water entry into fractures across the PTn/TSw interface is not possible provided the PTn Unit
is not saturated. The PTn Unit at this location is about 79.2 m (260 ft) thick (see Section 2.2)
and has an approximate porosity of 0.42 and water saturation of 0.61 (a gas saturation of 0.39)
[YMP, 1993c). Therefore, the PTn can absorb roughly 13 m (42.7 ft) of water at any given
location before saturating. An approximate bounding analysis, given in Attachment I, indicates
that roughly 725 m* (191,000 gal) of water can be used before this limit is reached.

3.2 Geochemistry

The infiltration water may contain a lithium bromide tracer. Lithium bromide has been analyzed
and approved for use underground at conccentrations up o 20 ppm to trace construcdon water
movement [Statton, 1993). The natural water in the unsaturated zone contains about 34 10
106 ppm chloride, which is 9.6 x 10* to 3. x 10" moles/liter [Yang et al, 1988]. There is no
known analysis for natural aqueous bromide. However, chloride may be considered an analogue
dissolved constituent because both bromide and chloride belong to the same chemical group, the
halogens. ~Lithium bromide at 20 ppm is equivalent to aqueous concentrations of 2.3 x 107
molesAliter bromide. Therefore, at concentrations less than 20 ppm, lithium bromide is not
expected to noticeably perturb the native geochemistry.

33 Thermal/Mechanical Characteristics

The proposed activities will not create any significant thermal or mechanical disturbances.
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34  Interpretations

Water released into the ground at UE-25 UZN-7 is not expected to migrate to potential waste
package emplacement zones within 10,000 years if the quantity of water applied is limited to less
than 725 m® (191,000 gal). The addition of lithium bromide at concentrations up to 20 ppm is
not expected to affect repository performance because existing concentrations of natural dissolved
chlorine have much greater concentrations. Changes in water saturation or composition of
dissolved constituents near potential waste package emplacement zones may affect repository
performance because these changes may accelerate waste package corrosion, rclease of
radionuclides from waste packages, or enhance aqueous radionuclide transport. However,
changes that lie within the range of natural variations should not noticeably affect repository
performance. Due to the lack or insignificance of hydrologic, geochemical, and
thermal/mechanical impacts of the planned activities, aqueous radionuclide transport from
potential repository locations to the water table and accessible environment will not be affected.

The unsaturated zone below the planned activities may lie along pathways for gaseous
radionuclides from a waste emplacement horizon in the potential repository expansion area 2.
However, the local increase in water saturation could only serve to inhibit the movement of
gaseous radionuclides, and therefore could not adversely affect performance of the potential

repository.

4. SUMMARY

4.1 Recommendations and Conclusions

The proposed infiltration test at UE-25 UZN-7 is not expected 1o impact waste isolation. provided
the following recommendations are followed:

1. Limit the volume of infiltrating water to less than 725 m' (191,000 gal).

2. Limit lithium bromide tracer concentrations to 20 ppm or less.

These recommendations are in addition to existing controls for water use, spill control, spill
cleanup, spoils storage, land reclamation, and recording actual use of tracers, fluids, and materials

[YMP. 1991b; YMP, 1992a; YMP, 1992b].

4.2 Critical Assumptions and Data

This evaluation and uts conclusions and recommendations are based ou the following critical
assumptions and data:

1. The steady-state infiltration rate from a point source in a homogeneous porous medium
(sce Attachment 11) is a reasonable bound for the infiltration rate of a transient source in

a hererogeneous soil and rock system.

2. The effects of evaporation are not included.
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3. The Paintbrush Hydrogeologic Unit acts as a capillary barrier to water entry into fractures
in the Topopah Spring Hydrogeologic Unit [YMP, 1993a].

4, The depth from the surface to the Paintbrush Hydrogeologic Unit is at least 26.5 m ( ft).
[Loscot and Hammermeister, 1992).

6.  The Paintbrush Hydrogeologic Unit is at least 79.2 m (260 ft) thick.

7. The Paintbrush Hydrogeologic Unit has a porosity of about 0.42 and a water saturation
of about 0.39 {YMP, 1993c].

8. Capillary pressure and effective conductivity parameters for flow in fractures in the Tiva
Canyon Hydrogeologic Unit are bounding relative to solutions for steady infiltration.
[Fewell et al., 1992].
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Figure 1: Location of UE-25 UZN-7 relative to potential
expansion areas and conceptual repository block (EG&G, 1993]. '
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Attachment I

CHECKLIST OF ACTIVITIES AND TFM
FOR WASTE ISOLATION EVALUATIONS

ACTIVITIES / TFM

COMMENTS

Water

A.

Surface Sources

1.

Road watering for dust control

See sections 3.1, 3.4, 4.1

2. Drill pad dust control NA
3. Equipment washdown See sections 3.1, 34, 4.1
4. Naural surface runoff NA
5. Accidental water spillage See sections 3.1, 3.4, 4.1
6. Used in testing NA
B.  Underground
1.  Water loss duning drnlling
a) Fishing NA
b) Other NA
2. Recovered or produced during drilling
a) Perched water NA
b) Water table NA
3. Used in construction
a) Dniling NA
b) Construction Materials NA
¢) Dust Control NA
d) Equipment washdown NA
4. Used in testing NA
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Attachment 1

CHECKLIST OF ACTIVITIES AND TFM
FOR WASTE ISOLATION EVALUATIONS (CONTINUED)

ACTIVITIES / TFM COMMENTS
II. Materials (other than water)

A. Used in surface and subsurface construction

1. Building materials NA

2. Leachates from rock & muck piles | NA
3.

Fuels/lubricants/coolants NA

B. Used in borehole construction and/or sealing

1. Grout for surface casings NA
2. Dirilling fluids NA
3. Other matenials left in borcholes NA
C.  Used in testing NA

III. Other considerations

A. Physical and chemical characteristics of | NA
seals

B.  Cut-and-fill for roads, pads, trenches & | NA

pits
C. Blasting NA
D. Underground excavation NA

r Document #: BAA000000-01717-2200-00009 Rev. 00 Page 11 of 14
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ATTACHMENT 11

BOUNDING ANALYSIS FOR INFILTRATION TO THE PTo HYDROGEOLOGIC UNIT

A cumulative discharge limit is determined in this analysis by calculating the quantity of water
that can infiltrate before saturating the PTn Hydrogeologic Unit (see Section 2.3). The analysis
is based on infiltration into a homogenous, isotropic porous medium with hydraulic properties
of the TCw Hydrogeologic Unit fractures. The problem is bounded by computing the specific
discharge along the centerline under the infiltration site, which has the highest vertical water flux
compared with other locations in any given horizontal plane.

e . aiinec e o — g

To simplify the analysis, transient infiltration from a circular zone around the borehole is
approximated by steady-state infiltration from a point source. The steady-state solution includes
the effects of three-dimensional unsaturated flow. The analogous steady-state problem is
established by sctting the steady-state point source discharge rate equal to an estimated
volumetric flow rate at the surface for the transient problem during ponded conditions. This flow
rate estimate is made using the saturated hydraulic conductivity, unit hydraulic gradient, and size
of the infiltration zone at the surface. A limit for the maximum specific discharge at the top of
the PTn Hydrogeologic Unit over the estimated infiltration period is determined from the
available gas-filled pore space in the PTn to store the infiltrating water.

Assume that the alluvium and TCw fracture saturated hydraulic conductivities, K,, are bounded
by the value for TCw fractures, 3.8 x 10° m/s [Fewell et al., 1992}. A nominal specific
discharge at the surface, assuming a unit hydraulic gradient, is 3.8 x 10° m/s. Applying this
specific discharge over the 3 m diameter zone used for ponded infiltration gives a volumetic flow
rate of 2.69 x 10% m¥s. Therefore, an infiltration test using 200 m’ will require about
7.45 x 10° s (8.6 days) to infiltrate. [Infiltration of 13 m of water (above natural infiltration
levels) is assumed to be the minimum water input rcquired (o saturate the PTn at any point (see
Section 3.1). Therefore, the limiting steady specific discharge into the PTn over this time period
is 13m /745 x 10° s = 1.75 x 10° m/s. The normalized water saturation, S,, and effective
hydraulic conductivity, K, arc related though the following expression [van Genuchten, 1980):

(1) K=](‘S'lf.'{l-(l_s'lﬂ)l}2
where A for TCw fractures is estimated to bc [Fewell, et al, 1992}
(2) B = 1/1-A) = 4.23, or A = 0.7636

The effective hydraulic conductivity is equal to the local vertical specific discharge under steady-
state flow conditions, assuming spatial gradients in the capillary pressure are negligible.

Solving equation (1) for S, with K = 1.75 x 10°* m/s gives
(3) S, =084

If we assume that the infiltrating water is discharged from a continuous point source, then the
centerline saturation distribution is given by [Philip. 1969;:

4) S, = Q/(4nz) -
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ATTACHMENT 11

where

z = depth (m) (origin at source) k

Q = source flux (m’/sec) "
and

Sa
()] S, = I K(0){d¥/d6}) dO
]

where

S, = transformed saturation variable (m’/s)
‘P(S ) = moisture potential (m)
K(S,) = effective hydraulic conductivity (mv/s)
S, = (5-S)/(1-S,) = normalized water saturation
S = residual water saturation
S = waler saturation
Parameterization of W(S,) is given by [van Genuchten, 1980},
Q) S, = {141+{aMP) 1
Rearranging (7) to solve for ¥ with A = 1-1/B gives
(8) Y= a-l {S.-IA . ]}I-X
where o for TCw fractures is estimated 1o be [Fewell, et al, 1992]:
9 a=1285m'
Substituting equations (1) and (8) into (6) gives,
(10) S, = r ot K, {(1-A/A) 87 (e - 11t (1 - (1 - 8"} de
Substituting for K., a. and A into (10) gives.
Se
(1) S, =9.155x |0'°Je"°“ (0" - 1)27% (1 - (1 - 810" de
[}]
Substituting the value for S,. equation (3), into cquation (11) gives

(12) - S, =293 x 10°m¥s

The depth to the PTn. 2, is 26.5 m (see Scction 2.2). Substituting values for z and S, into
equation (4) and solving for Q gives,

(13) i Q = 9.76 x 10* mYs, or 84.3 m*/day

Over the nominal duration of the infiltration test, 8.6 days. this flux would accumulate to a total
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ATTACHMENT II i
Jimiting infiltration volume, V, of F
(14) V=725m .
The assumption that the capillary pressure is negligible relative to gravity as a driving force for F :
vertical flow at the top of the PTn may be checked. The extension of Darcy’s law for

unsaturated flow is [Bear, 1972]:

(15) q, = - K(S,) (1 + 9'¥(5,)/dz)

where q, is the specific discharge in the vertical direction. The effect of the capillary pressure

gradient is negligible if it is small compared with 1. To evaluaic the capillary pressure gradient,

consider the following decomposition,

(16) V(S ¥z = (dW(S,1dS,) (3S,/8z)

Using equation (8) and values given above for a and A, the slope of the capillary pressure curve
is given by,

(17) dW¥(S,/dS, = 0.241 S,*"(S,' " - )P

and at S, = 0.844,

(18) dW(S,)/dS, = 1.03

The saturation gradient, dS,/0z. may be evaluated using cquations (4) and (11), giving,
(19) 350z = 1.09 x 10° { §,"* {S,* " - 1} {1 - (1 - S )" (-QAanz'))
Evaluating equation (19) at S, = 0.844 and z = 26.5 m gives for aSjaz.

(20) 9S/3z = 1.68 x 10"

Therefore. using equations (16). (18}, and (20). dW(S,)/0z at z = 26.5 m and S, = 0.844 s,

20 V(S )9z = 1.73 x 10"

This result verifies that capillary pressure is negligible compared to gravity as a driving force for
vertical flow at this location.
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