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. PURPOSE AND ORJECTIVES OF STUDY
1 i Purpose of the Study Plan

The U.S. Geclogical Survey (USGS) is cenducting studies at Yucca
Mountain, Nevada. as part of the Yucca Mountain Project (YMP) The purposes
cf the USGS studies are to provide hydrologic and geclcgic information to
evajuate the suitability of Yucca Mountain for development as a high-level
ruclear-vaste repository and the abilicy of the mined geclogic-disposal
svszem (MGDS) to isolate the waste in compliance with regulatery
requirements. This study is designed to collect and evaluate data required
o assess the performance cof the Yucca Mountain Site with respect to the
requirements of Federal Regulations 10 CFR Part 60, 10 CFR Parct 960, and
-0 CFR Part 191.

This sctudv plan descridbes the USCS plans for surfictlal hydroleogic and

shallow-ungsaturated zone characterization of Yucca Mountain  The study is
crganized {nto three activities:

o 8.3.1.2.2.1.1 - Characterization of hydrologic properzies of
surficial materials:

o 81311.2

*

.1.2 - Evaluation of natural infilcration; and
e £.3.1.2.2.1.3 - Evaluation of a:ttflclal infileration.

Note that the numbers (e.g., €.3.1.2.2.1.1) used throughout this plan
serve as references to specific sections of ths YMP Site Charascterization
Plan (SCF). The SCP (U.S. DOE, 1988) describes the tschnical rationale of
the overall site-characterization progran and provides general descriptions
of the activities described in detail in Section 3 of this study plan

Filgure 1.1-1 tlluscrates the location of the study within the SCP
geohydrology progranm. The unsaturated-zone infiltration study is one of
nine studies planned to characterize the unsaturated zone at Yucca Mountain.
Seven of the studies are surface-based evaluations and two studies.
78.3.1.2.2.6 - Percolation study in the exploratoery-shaft facilicy and
£2.1.2.2.5 - Diffusion tests in the exploratory-shafc facility), will study
the in sictu hydrologic characterisctics of Yucca Mountain from shafts and
underground drifts. The three activities in chis study wvere selected on the
basis of a number of factors, including design/performance-paraneter needs.
available test/snalysis wetheds, test scale, time requirements, and schedule
constraints. (Parameter is used in this plan to mesan a property,
characteriscic, and/cr the nunerical valus of a constant that is used to
describe the unsaturated-zone hydrolegic systez). These factors are
described i{n Sections 2 and J.

The plans for each activity are presented {n Section 3. The
descriptions include (a) objectives and parameters, (b) cechnical racionale,
and (c) tests and analyses. Alternate test and analysis methods are
sumtarized, and cross references are provided for technical procedures.

1.1-1 Septezber 18, 1990
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Application cf the studv results is summarizeéd in Sections . I angd -
szTudv ard azzivitv schedules and milestones are presented in Section 3. 4rc
a studv-plan reference list {s presented in Secticn é Qualitv-assurance
srocedures are dccurented in Sectien 7 1. Plans for surficial hydrcicg.c:
sroperties characterization. nacural infllctration. and arcificlal

infiltrazion are described in Sections J 1. 3.2, and ) 3, respective.v
1.1.1 Prototype testing

The USGS investigators responsible for the activities described (n
Section ) have chosen and proposed testing procedures that thev expec:
will work as pianned The investigators recognize, however, that there
is a cegree of risk assoclated vith sany of the tests that have nct deen
previously tried ané have therefore planned prototype tests to evaluatle
the feasibility of the preposed testing sethods It can be expeczed
that prototvpe testing and {nitial full-scale studv mav resu.Z in che
reec o change acjust. abanden or further test the methods, but due o
the muitiple test approach. it is anticipated that the time allotted
“i.. be sufficient

FPrototype testing will serve several purposes. including the
development of resasoncble and sdequate gualitv-assurance procedures and
an assessment of the data acquisition and storage needs of {ndlvidual
tests Primarily. prototvpe testing will provice &n opportunity o
undersctand, i{mp.ement. and refine testing procedures prior to the
actual field implementation of the msthods. For exanple. the
artificial-irfilcrazion tests have never been performed at the proposec
scales. Similarly, many cf the proposed testing mathods have never been
applied to unsatirated, poorlv-sorted alluvium or, fractured. surficial,
bedrock exposures, such as those at Yucca Mountain. If these tests do
not perform as the investigators expect them to conceptually, either due
to cesign flaws or unanticipated in situ conditions, potentiaily
criticai licensing data could be lost. The onlv credible means to
recuce this risk is to validate the test concepts and test designs,
{dencifv alternate procedures. and perforz laboratory and fleld Iriais
pricr to site-characterization activities.

The prototype-test plans applicable te activities {n this study plan
(Seccion J) are described in detail {n project prototype-testing
docunmants. These documents provide iln-depth analyses and
recomaendations for 23 prototype tests (including those applicable to
infileration activities). The prototype-test plans include the purpose
and objectives of the tests, the testing ratfonale and description. and
a summary of the necessary instruaentation. equipaent calibration, and
zaterials for prototype testing.

Equipazent selection and developaent is z zajor objective of the
prototype testing. As such, specification of equipment to be used
during site characterization cannot be coaplete v~ defined until this
testing is cozplete. For standard testing methods, equipment lists may
be found in the technical procedures noted for each activity described
in Sectiocn ) of this plan.
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The prototype-testing must be successfully conpleted b. .ore the
site-characterization testing can begin. Characterization of the site
zay not be conducted by all of the machods described in this study plan
if prototype testing indicates that some of these methods cannot be
applied successfully to Yucca Mountain. It is not in the scope of this
study plan to discuss the details of protetype testing. References are
zmade to specific prototype tests {n each of the activity descripeions of
Section 1.
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1.2 Objectives of the study

Kvdrologic evaluation of the unsaturated zone will be conducted as an
integrated set of surface- and subsurface-based activities with a common
chrective to provide an understanding of the past, present, and future flow
characteristics of the unsaturated zone. The specific objective of the
unsaturated-zone infiltration study {s tec define the upper flux boundary
cordizions (the upper 10 m, estimated to be the maximum rooting depth for
any plant species on Yucca Mountain) for Yucca Mountain under both present-
dav and sfimulated future, wetter climatic conditfens, which includes the
evaiuation of the spatial disctribucion of infiltration rate over the
repository block. These boundary conditions are necessary to model flow
through the thick unsaturated zone beneath Yucca Meuntain. The flux-
boundary conditions will bte determined from infiltration experiments and
ozher hvdrologic data collected in the activities described in this repor:
water flux at the land surface/atmosphere {nterface, whether as evaporation
cr .nfilcration, will directly affect recharge and flow rates through the
regcsitory bliock.

The cbiectives of the individual activicies are.

o £.3,1.2.2.1.1 - cto characterize infilctration-related hydrologic
properties and conditions of surficial materials:

o E.J.1.2.

ra

e

ra
.

to character{ze present-day {nfiltracion processes
ard net-infiltration rates in surficiasl materials;

5 83122 :i.3 - cto characterize the range and spatial variabilizv
of {nfiltration rates, flow velocities, and flow
pathwavs {n surficial materials: and to
characterize the relation among precipitation,
runoff, {nfiltration. perched water, and
evaporation under varying climatic conditiens.

Figure 1.2-1 shows the general viecinity of Yucca Mountain, the arez in
wrich the infiltration-related tests will be conducted. Additional mags
showing detailed locations of borehcles and study plots for individual
aztivities are in Section ]
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1.3 Regulatory rationale and justification

The results of unsaturated-zone infiltration characterization will
srovide hvdrologic data needed for performance-assessment calculations of
unsaturated-zone ground-water travel times and ractes of radionuclide
releases to the accessible environment. Hydreclogic properties determined in
the study will also be used in design analyses of the underground facilicy,
repository seals, and waste packages.

The overall regulatory-technical relations between SCP design and
rerformance information needs and data collected in this study are
rresented {n the gechvdroleogy testing strategy presented in SCP Section
8.3.1.2 and the issue-resclution strategies (repository, seals, waste
package, and performance assessment) presented {n SCP Sections 8.3.2 -
8.3.5. The description presented below provides a more specific
identification of these relations as they apply to this studv. A
detailed tabulat{on of parameter relations {s in Appendix 7 2.

Project-organization {nterfaces between the unsaturated-zone
irfiltration study (8 3 1.2.2 1) and the YMP performance and design
{ssues are illustrated in Figure 1.3.1. The figure also indicates
srcject interfaces with other site studies; these relations are
described further in Section &4.2. The relations between the design and
terformance issues noted below and the regulatory requirements of 10 CFR
6 and 10 CFR 960 .re described in Section 8.2.1 of the SCP.

Information derived from the study will principally support the
performance deterzinations of pre-waste-emplacement, ground-wvater travei
time (Issue 1.6) and the predictions of radicnuclide releases to the
accessible environzent (Issue 1.1). Study results will also provide
information for the resclution of issues concerned with waste package design
(Issue 1.10), releases from the repository engineered-barr'er systez (Issue
i.5), and repository design (lssues 1.11 and 4.4).

Physical and hydrelogic information about the near-surface
unsaturated zone cbtained from this study will be used in the analyses
for repository underground-facility design (Issue &4.4) and in the
assessments of repository postclosure performance (Issue 1.11).
Ursaturated-zone information on fracture characteristics and hydrologic
conditions will be used in developing the design requirements for shafc
and borehole seals (Issue 1.12). Information on the water conditions
will be used in the analyses of waste-package performance (Issue 1.10).

Performance Issue 1.1
(Total-system radionuclide relesse to the accessible environment)

This issue requires that the geclogic setting, engineered-barrier
system, shafes, boreholes, and seals be selected and designed so as to
limic the cumulative release of radionuclides for 10,000 years followving
permanent closure of this repcsitory. Site information resulting froem
this study will be used to sstisfy the requirements of numercus
supporting parameters needed to evaluate the nominal case of Scenario
Class E of the issue-resolution strategy for total system performance.
Tre study results will alsc provide baseline data for the disturbed
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cases. Descriptions of the scenarios are given {n SCP Section 8.3 5 12
These supporting parameters (e.g.. hydrologic characteriiz':s of the rock
matrix, fracture network, or fault zones specific to the repository aread
are used in calculations of the performance parameters for the different
scenarios. Examples of performance parameters fcr the nominal case are
average flux and aversge effective porosity in the unsaturated zone i{n the
rerository area.

The performance parameters for each of the scenaric classes apply to
expected partisl performance measures (EPPM’s). For example, Scenario
Class E has three EFPM's: one for the unsaturated-zone liquid pathway,
ore for the saturated-zone liquid pathway, and one for the gas pathwav.
Dezermination of each of these EPPM's depends upon data from performance
parameters, vhich in turn depend upon calculations from supporting
parameters, which in turn depend upon site informaticn collected (n the
this study. These relations ave described {n the SCP and are further
documented in the tabulations of Appendix 7.2.

Knowledge of hydrologic properties {s required for postclosure-
rerformance evaluation of the near-field environment of the repository and
underground openings. Data on Topopah Spring unit hydrelogic properties
resulting from this study, along with estimates of how these properties (or
parameter values) may change due to climate changes, will be useful in
computer medeling of engineered-barrier, system-release scenarios.

Performance Isgue 1.6
(Pre-wvaste emplacexent, ground-vater travel tige)

As in Issue 1.1, sice information from the study will be used to satisfy
nunerous supporting perforsance parameters needed to assess ground-water
travel time in individual unsaturated-zone units. These supporting
parameters are used to define various aspects of the unsaturated-zone mode!,
spatial correlation structure model, and fracture-hydrologic-characteristics
model. These aspects finclude inictial and boundary conditions, material
properties, system geometry, and validation of model concepts. The results
of the ground-water travel-time calculations yield performance parameters
for each of the unsaturated-zone unics. Examples of these performance
parameters are fracture characteristics, flux, percolation rate, and
voluzetric-vater content; these are applied to the performance measure of
ground-water travel time for each hydrogeologic component of the ground-
waler regime.

Rock hydrologic and physical properties measured in this study are
required for the calculation of ground-water travel time. For example,
information on natural- and artificlal-infilcration rates, surficial-
mater{al wvater content, and near-surface vater-potential profiles will
support the determination of upper flux boundary conditions for the
ground-water travel-time model. Haterial properties such as poresicy
and hydraulic conductivity will be determined for a number of
hydrogeologic units where they are exposed at the surface using both
laboratery and in situ tests. This information is impertant to the
deternination of ground-vater travel time for each of those units.
Information on fracture characteristics from this study will alse
support these travel-time calculations.
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Perforzance Issues 1.8 and 1.9
(Favorable and potentially advarss conditions) (Qualifying and
disqualifying conditions)

The results of this study have indirect applications to the NRC
siting criteria - Favorable Cendition 7 (pre-waste-ezplacement, ground-
water travel time) through Issue 1.6, and Favorable Condition 8
(unsaturated-zone hydrogeclogic conditions) through Issue 1.1. The
study alsc has indirect applications to the higher-level findings for
the gechydrology qualifying and disqualifying conditions through Issues
1.1 and 1.6.

Design Issue 1.10
(Characteristics and configuration of ths waste package)

Unsaturated-zone transmissive properties (such as saturated and
unsaturated hydraulic conductivity) and water-content information
obtained from this study may be useful {n characterizing the near-field
(pre-waste-emplacement) environment of the waste packages by indicating
zones near the surface vhere high vater flow rate may be expacted ({.e.,
fracture zonaes).

Information on the quantity of unsaturated-zone water obtained frocm
this study will be used in assessing the performance cof the engineered-
barrier system in limiting the release cof radionuclides. Hydrologic
properties data of the Topopah Spring unit cbtained from this study will
be used in calculating the flow and transport in the near-field host
rock. The performance paraneters receiving sice i{nformation are host-
rock hydrelogic properties.

The results of the this study will also support (indirectly through
Issue 1.10) resolution of the performance issus concerned wich releases
from the engineered-barrier systea (lssue 1.5) where the applicable
performance measure i{s the concentration of radicnuclide species in the
gas phase, liquid water, and adsorbed to solid phases within the near-
field host rock. Host-rock hydrolegic properties collected in this
study will apply to the hydrologic performance paramsters of the issue.

Dasign Issus 1.11
(Characcaristics and configuraticns of repository and enginesrad
barriers - postclosure)

Postclosure characteristics and configurations of the repository
underground openings will rely, {n part, on the rock physical and hydrologic
properties inforumation derived from thia study. Data on fracture
characteristics will help support the deternination of the potential for
significant displacement. Possible changss in saturation and vater
chenistry in the near-field host rock will be supported by watsr-content
information gathered in this study, in particular, fracture flow and
geochenical analysis of infiltraction vater, as deternined at the surface.

Preclosure assessment of repository characteristics and configurations
(Issue 2.7, which is supported indirectly through Issue 1.11) will use
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reinfall-runoff-infilcracion relations determined by this study to support a
variety of performance measures (such as surface flooding at the facility
and volume of surface water floving to nearby water bodies) which may affect
worker safety.

Design Issue 1.12
(Characteristics and configurations of shaft and borcholo seals)

Site information of surficlal-hydrologic properties will be applied to
the design and placement of the following sealing system elements: anchor-
to-bedrock plug/seals, station plugs, and general fill. The saturated
hydraulic conductivity, thickness, and water-content profiles of the
alluvium, along with rainfall-runcff-infiltration relations, will be used in
calculating the anmount of surface watars entering the shaft that could
potentially reach the waste disposal rooms of the underground facilities.
Similarly, saturated bulk-rock hydraulic conductivities ard erosion
potertial in the emplacement area are design and performance parameters
supported by {nformation from this study.

Design Issue 4.4
(Repository design and technical feasiblilicy)

Data generated by the shallow unsaturated-zone {nfiltration studies
address this issue in limited capacity. Surface hydrology data for
different clipatic scenarios, however, will be useful in cthe evaluation of
facility designs that are not jeopardized by natural (e.g., surface runoff,
floods) and man-made phenozena. Similarly,. an understanding of
infiltration/runcff ratios and hydraulically-induced erosicn characteriscics
will lead to the development of facilities adequate to withstanding naturai
phenomena (i.e., metecrological) without damage to functional capabilicy.
Rainfall-runoff-infiltration relations characterized by this study will also
support worker and public safety concerns (Issues 2.1, 2.2, 2.3, and 2.7).

The following paragraphs briefly summarize the information to be
obtained by the activities of this study. More detailed descriptions are
presented in Section 3.

The activity designed to characterize hydrologic parameters of surficial
unfits (6.3.1.2.2.1.1) will provide an analysis of {nfiltration and related
hydrologic data tc define hydrogeoclogic-surfictial units, each characterized
by a different set of representative infiltration properties. The useful
parameters this activity will evaluate are infiltration and runoff rates.
porosity, density, water content, wvater potentisl, scil texture, and depth
to bedrock.

The evaluation of natural infilcration (8.3.1.2.2.1.2) will provide
information necessary for defining the upper-flux boundary conditions for
each hydrogeologic-surficial unit. The paraneters to be measured in this
activity are {nfilcration rates, net infiltration, flew velocities,
precipitation, runoff, and evapotranspiration,

The evaluation of arcificial infiltracien (8.3.1.2.2.1.3) will provide

data on i{nfiltration processes under different possible climatic conditions
for each hydrogeclogic-surficial unic. The parameters of this activity are
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saturated- and unsaturated-infiltration rates, flov velocities. flov
pathways, precipitation, runcff, evapotranspiration, saturated- and

unsaturated:hydraulic conductivity and water content-water potential
characteristic curves

Specific relations among the site paraneters obtained from this

study and thelr relations to the design and performance parameters are
docuzented in Table 7.2-1 in the appendix of this plan.
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2 RATIONALE FOR STUDY
2.1 Technical rationsle and justificaticn

This section provicdes an overviev and justification of the overall
study. Section 3 of this plan provides additional detail for the specific
activities, tests and anslyses, and methods to be used.

2.1.1 Scatezent of problen and test justification

Understanding the geohydrologic envircnment encompassing the
unsaturated zone at Yucca Mountain is essential to site characterization
because it is vithin this interval of rocks that the repository is
proposed to be constructed. The geologic evaluation of the site i(s a
zulti-discipline task. Investigations are planned to study the
geochemical and geolegic characteristics (8.3.1.3, Geochemistry, and
6.3.1.4.2, Stratigraphy and Structure) and the thermal and mechanical
properties of the rocks (8.3.1.15.1). It is not within the scope of
this study plan, however, to discuss the rock-characteristic and
geologic studies in detail. The reader is referred te the Site
Characterization Plan (SCP) for descriptions of these studies. Only the
unsaturated-zone infiltraticn tests, and the characterization of the
surficial materials (soil and exposed bedrock) are discussed here.

It is izportant to evaluate water flow and storage within the
repository block because water {s an expected major mediun for transpor:
of radicnuclides to tha accessible environment. 1In addicion, a thorough
evaluation of wvater flow in the shallow unsaturated-zone surficial
materials at Yucca Mountain is necessary, as it directly affects
recharge and flow rates through the repository block as well as vapor
flow and transpert. In the unsaturated zone, water is present in both
liquid and vapor phases within the interstitial, fracture, and
li{thophysal openings. Vater flow and storage are envisioned to be
complex, three-dimensional, spatially and time dependent; controlled by
the structural, stratigraphic, and climatological settings at the site.
Water flov {3 axpected to occur in tha liquid phase within
interconnected pores and fractures, as well as by advective and
diffusive vapor-phase flow within interconnected air-filled fractures
and cpenings. The hydrologic evaluation of the site constitutes a
problem of transient, two-phase, thresa-dimensional, coupled heat and
water flow within a layered sequence of tilted, faulted, and fractured,
variably saturated tuffacecus-geohydreologic units,

Characterizaticn of the unsaturated zone beneath Yucca Mountain
requires the use of pany different tests performed undrr varying
conditions and orfentations, and at different locations and scales. 1t
is important to understand ground-vater flov and storage within the
shallow unsaturated zone in order to underscand the flow of vater and
vapor within the repository bleck. The surface boundary at Yucea
Mountain {s one of the most important boundaries toc be characterized
because through this boundary vater and air can enter the unsaturated
zone directly, and gases and vater vapor can escape.
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Prior to the beginning of the USGS’'s unsaturated-zone studies at
Yucca Mountain, few, if any, flux data existed for any portion of the
surface or subsurface. No atteppts had been made to measure
unsaturated-zene flux directly, although several indirect methods had
been used to estimate flux into the repository block. The error in flux
estimates can, however, be very large vhen indirect methods are used, as
these methods are less precise and accurate.

4

The first method used to estimate flux assuned that recharge rates
to the saturated zone were equal to deep unsaturated-zone fluxes
(Montazer and Wilson, 1984). BRoth mass-balance methods for estimating
recharge (Winograd and Thordarson, 1975) and empirical methods relating
recharge to precipitation (Czarnacki, 1985), are subject to large
errors. A flux of 0.5 mm (0.02 in) per yaar vas estimated for Yucca
Mountain using the mass-balance methods, 'and a rate of 0.7 mm (0.03 in)
per year was estimated using an enpirical relation and comparing the
resulting mass balance with an analog ground-water basin. Using
temperature data from various boreholes, Sass and Lachenbruch (1982)
estimated a vertical-water flux of 1.0 to 10 mm (0.04 to 0.4 in.) per
year in the combined saturated and unsaturated zones beneath Yucca
Mountain. It should be noted, however, that temperature gradients are
complicated by horlzontal water flov in the saturated zone, vhich has
not been well defined but i{s being addressed i{n USGS-SP £.3.1.2.3.1.

In 1984, the USGS began two studies designed to measure flux in che
upper portiocn of the unsaturated zone at Yucca Mountain. The objective
of the first study vas to estimate net-infiltration rates in different
surficial materials of Yucca Mountain by monitoering changes in wvater:
content {n shallovw (<30 m deep) borehcles, used for neutron moisture
meter measurements. Net [nfiltration refers to the surface wvater cha:
has percolated deep anough so that it does not return to the atmosphere
by evapotranspiration or by some other flow mechanism. The objective of
the second study wvas to estimate flux {n deep nonwvelded-tuff units (2}
to 122 o deep) by messuring hydrologic parameters on rock ccre. Both of
these studies relied on natural precipitation to supply the vater for
infiltration and percolation. The present-day arid climate, however,
severely lizited the type and frequencey of data during potential
infiltration events, especially from neutren-access boreholes in
surficial unicts. Preliminary neutron-access borehole data indicate tha:
eicther intense rainfall occurring in the warner months or heavy winter
snowfall events are needed to generate changas in vertical water-content
profiles belov 2 u. Only three precipitation events of this nature wvere
~ recorded on Yucca Mountain betveen 1984 and March, 1989. Furthermore.
thess events vare very localized, affecting only a small portion of the
study area at any one tipe. Although these data are preliminary
results, it ghould not exclude the posaibility of leng duration winter
rainfall generating fluxes belov 2 m,

Becsuse of the limitations of available data, additional approaches
are required to characterize present-day infiltration in the unsaturated
zone. Artificial-{nfiltration tests will be done to characterize
precipitation and resultant runoff under present-day and simulated
vetter climatic conditions and will be used to characterize a variety of
possible boundary conditions for Yucca Mountain.
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Three major tests have been designed to characterize present and
future water flow in the shallow unsaturated zone. They include: (1)
the natural-infilcration setudy, which f{ncludes the ongoing monitoring of
water content i{n surficial materials using the neutron moisture meter,
(2) an artificial-infiltration study, and (3) & study designed to
characterize the physical and hydrologic parameters of surficial
naterials. The objectives of these activities are to:

1. determine present-day net-infiltration rates (fluxes) in response
to natural-precipitation events;

2. determine the range of net-infiltration rates, flow velocities,
and flow pathways that can be expected under simulated wetter
climatic conditions; and

3. characterize the infiltration-related hydrolegic properties for
the surficial materfals on Yucca Mountain.

Inforzation derived from each of the three activities will be used to.
1. define the upper flux boundary condition;
2. model (nfiltration rates under varying climatic conditions; and

3. analyze (nfiltraticn and related hydrologic data. and group the
surficial materials into gechydreclogic-surficial units with
representative hydrologic properties (Schmide, 1988).

Methods selected to meet these objectives are based on (1)
licerature and experience, (2) & multiple approach perspective for a
cozplementary verification to assure success, and (3) prototype testing
to finalize selection or modification of methods applicable to Yucca
Mountain. Details on the pethods and prototype testing can be found in
Sections 3.1, 3.2 and 3.3.

2.1.2 Faraceters and testing stratagies

The work planned for this study was developed based on informational
needs as defined in the SCP. Hydrologic site parameterst are directly
measurable quantities generated by field and laboratery testing: they
represent the most basic measurements that will be used to characterize
the gechydrolegy of Yucca Mountain and vicinity. Site parazeters are
building blocks to support varicus aspects of the project. Some, such
as hydraulic conductivity, support resolution of design and performance
issues directly. Others primarily provide bases for analyses and
evaluations to be conducted vithin the geohydroloegy program or within
other characterization programs. Table 2.1-1 lists the site parameters
to be cbtained from this study.

*In order to avoid confusion, the term “"site paraseter” will be used to
describe SCP defined "Activity Parazeters.”
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Design and performance parameters represent information required Jor
{ssue resolution. These parameters can be eicher directly measirenle
quantities (such as pajor-ion water chemistry) or properiies derived
from other, more directly measurable quantities (such 4s unsaturated-
zone fluid flux). There is no defined one-to-one relationship between a
given site parameter and a given design and performance parameter ({.e..
a single site parameter may support one or more design and performance
parameters, and a single des{gn and performance parameter may be
supported by one or more site paramsters). The s{ite parameters derived
from this study, as & set, should provide information te support the
determination of all applicable design and performance parameters (see
Table 7.2-1).

Both site design and performance parameters for the gechydrologw
program are grouped according toc parameter categories (SCP, p. £.3.1.2-
10). Parameter categories serve to group similar types of design anc
performance parameters (supporting design and performance-assessment
issues resolutions [SCP Sections £€.3.2-8.3.5]) and match then with
groups of site parameters o be obtained during site characterization
Farameter categories were introduced as a classification scheme to
relate measurable quantities to specific model components (Figure 2.1-1)
that make up the varlous hydrologic models. from which the principsl
products of the gechvdrology program will be defined.

Even though & conceptual model {s currently assumed (SCP Section
8.3.1.1), this study is designed to satisfy the requirements of
alternative conceptual models (SCP Table 8.3.1.2-2a) in case the initiai
assunptions of the current model are found to be invalid. Similarly,
while there are conventional theories for fluid flow in scils and in
unsaturated, unfractured rock, and flow in saturated, fractured rock,
there {s not & conventicnal theory for describing fluld flovw in
unsaturated, fractured rock. Development of sppropriate models for
unsaturated fracture flow will be part of Study 8.3.1.2.2.9 (Size
unsaturated-zone modeling and synthesis).

Because model parameters cannot be measured explicitly throughout
the modeled ares, {nterpoclacion of parameters between measurement points
{s necessary. Geostatistical techniques (described {n Section 2.1.4)
have been i{dentified as the zethodology of cheice because they allow for
flexible consideration of all available data and provide for
calculations of variances vhich aid in estimating the reliability of
interpolated values,

. L

Measured and interpolated values for parameters associated with
geopetry, caterial properties, boundary conditions, and inicial
conditions will serve as input toc numerical simulators. Calculated
variances for each parameter will be used to aild {n estication of
expected ranges for sensitivicy studies. These numerical simulations
will be used as a principal approach to assess the sufficlency of
collected data to address performance and design i{ssues.

As described below, however, the strategy of the study {s to use

multiple approaches for determining parameters which are difficule to
measure. (Table 2.1-1 shows that some parameters listed are being
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decernined by more than one sctivity [multiple approaches).) There are
several advantages to using oultiple approaches for determining
parameters. First of all, the ability to demonstrate repeatabilicy
{ncreases confidence in the data collection procedures. 1In addition,
rellance i{s net placed on only one test to determine a parameter. Some
tests will provide only partial information, vhereas others will provide
extensive {nformation necessary for determination of & hydrologic
parameter. By combining the results of several tests, a greater
understanding of the paraseter and processes may be achieved, For
example, esticates of infiltration rates in the surficial materials.
needed as & boundary condition for evaluating deep percolation will be
estipated through monitoring of natural infiltration, characterizirg
hydrologic properties of surficial materials, and conducting various
contrelled infiltration tests. The information obtained by these tests
will be used to reduce uncertainty in the spatial and temporal
discribution of measured infiltration rates.

Second, slince some of the tests are unproven for the Yucca Mounta!n
environment, there {s less confidence in their abilicty to achieve che
desired objectives. An advantage, then, of using multiple approaches is
that the fallure or the partial failure of one or tvo of the tests is
not likely to severely inhibit the ability to provide the information
required. '

The third reason for pultiple appraoches is the necessity to measure
parameters at various scales of interest to assess the influence of
different processes operating at different scales on measured values
For example, a core-sample measurement of hydraulic conductivity is a
function of matrix properties (i.e., interconnscted pore space, water
content, tortuosity, temperature, etc.), vhile & fleld scale test of
hydraulic conductivity may be dominantly a function of geologic
structure, such as fractures, fault zones, and bedding planes.
Measurements of hourly rates of precipitation may show a relatively
random characteristic, with some correlation to storm cell size, storm
track, duration, vind speed, wind direction, ete., while measurements of
annual rates of precipitation may show a strong correlation to ground
surface elevation, geographic locaticn and weather patterns.

The influence of each spec{fic correlation must be assessed: (1) to
determine the minimum saxmple dimension needed to provide a usadble and
valid representation of a given parameter, (2) to deterzine the zinicun
saopling density needed to adequately characterize a given parameter
over the areal extent of the proposed repository, and (3) to
successfully define average values of each parazeter over some
designated subdozain.

The objective is te obtain an optimum balance between the small
scale measurements needed to characterize s parazaster with sdequate
detail, and the large scale peasurements needed to estimate average
values. A balance {s needed bacause the number and density of
peasurenents needed to characterize a parameter at a small scale over a
large domain are usually not obtainable due to: (1) sampling impacts on
the site. (2) testing limitations, (3) resource limitations, and (&)
tize limictatiens.
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Variable-scale tests vith different approsches to evaluate identical
parameters will delineate specific relations between hydrologic
parazeters and provide an {ncreased large-scale understanding of the
surficlal materials covering Yucca Mountain. This multiple-scale,
mu.tiple-technique approach will increase the confidence in estimates of
infiltration rates in the shallov-unsaturated zone, and in the
confidence that zppropriate data are being used for modeling and testing
each hydrologic hypotheses.

Finally, the sampling scheme will be optinized by providing a
sampling network that maximizes spatial coverage, providing a variety of
scales, and minim{zing esti{matfon variances vithin the desfgnated
boundary. In practice, the sampling network vill alsoc depend on: (1)
the shape and nature of the boundary defining the domain of interest:
(2) the location of existing points of measurement (e.g.. existing

borehcles); and (3) known anisotropy and/or heterogeneity within the
domain of interest.

2.1.3 Hydrolegic hypotheses

The following generalfzed description of the principles of near
surface unsaturated zone behavior is included here as a framevork for
the characterizaticn of surficlsl materials and infilcracion.

The near surface environment of arid and seci-arid areas (s a
dynszic zons whose hydrolegic behavior is a function of physical
properties, state variasbles and external inputs. Inherent physical
properties of the surficial materials include elevation, slope, aspect,
depth to bedrock, geology, mineralogy, bulk density, porosity. fracture
characteriscics, heat capacity, vater holding capacity, saturated and
unsaturated hvdraulic conductivity and particle size distribution.

State varisbles include temperature, vater content, and water potential.
External inputs include precipitation, solar radiszcion, wind, barometric

pressure fluctuations, armospheric deposition, bictic and mechanical
activity.

Precipitation is perhaps the most fmportant parameter to be
characterized and avaluated early in the program. Precipitation which
falls on Yucca Mountain may take one of four distinct paths: 1t may (1)
be evaporated back into the atmosphere, (2) infiltrate through the sofl
surface, (3) move laterally as surface runoff, or (4) collect in surface
deprassions. If the water infiltrates, {t may either be held in
storage, reaoved by evaporation, removaed by plant transpiration., or
zoved downward by gravity and capillary forces.

If precipitation rates exceed the infiltration rate of soil
surfaces, the vacer will move laterally, under the gravitational
gradient, tovard streams channels. Once in the channel, this water may
eicher {nfiltrate through the channel bed or be discharged from the
basin. Transmiszsion losses fn ephemeral channels are large due to the
high permeability of the sediments and large storage capacity,
perticularly after extended dry periods. In contrast to basins in humid
regions, discharge per unit basin area decreases with increasing basin
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size in arid and seci-arid reglons. This fact 1s due to the increasing
distance that wvater gpust travel to the basin discharge point with-
incressing basin size, thus increasing the channel residence time &nd
therefore {ncreasing the total amount of infileration. 1In addition to
perneable sediments in the channel, possible open fractures in the
underlying tuffs could serve as fnfiltration pathvays under saturated
conditions.

The uplands of Yuccs Mountain, vhare the greatest anounts of
precipitation are expected to occur, are charascterized by ateep slopes.
shallow seils, and bedrock outcrops. As & consequence, saturated
condit{ons may exist for short time parioeds, contributing to movement of
vater into exposed fractures or fractures under the gshallow soils.
Water that does not move into fractures or rock matrix csn move under
the soil at the rock-soil {nterface along a gravitational gradient
tovard streau channels. As soil thickness incresses, the quantity of
water nececsary to reach saturation at the rock-soil interface
increases. 1If che water content incresses at the rock-seil interface
but does not saturate the soil or move inte fractures, the water can
still be imbibed {nto the rock matrix, although quite slowly.

During and batween precipitation events, evapotranspiration will
occur at the soil surface. Evapotranspiration is a function of the
available energy, soil resistance to flow, and availabilicy of water
(vhich controls soil resistance to vater flow). During the sumzer,
potential evapotranspiration rates are high, reducing the amount of
water that may become net {nfiltration. During the vwincer,
evapotranspiration is reduced due to a lack of availladle energy. The
reduced evapotranspiration in the vinter may be more fmportant in
leading to net infiltration than the high intensity summer
thunderscorms. Water that collects at the rock-zoll interface in
shallov sofl from winter precipitation can either be taken up by
fractures or imbibed into the matrix. 1If the water remains near the
surface, it can be removed by evapotranspiration in the spring, even
free the rock matrix. If favorable conditions exist, such as deep
soils, water can move beyond the zone of evapotranspiration. In this
case, vater that imbibes inte the matrix or pmoves into fractures will
likely become recharge.

Although summer precipitation could bahave in a similar manner, (¢
is less likely that water will reach belov this zone of
evapotranspiration since evapottanspiration is actively occurring
{mmediataly afcer the precipitation event. On &n annual basis, however,
potential evapotranspiration axceeds preacipitation, which emphasizes the
need to describe both precipitation and evaporation on a short time
scale ({.e., hours or days). The enphasis on kneving the spatial
variability of precipitatiocn, evaporation and scil thickness alsc
becomes apparent. The distributiocn of net infiltration is, then,
dependent on the distribution, frequency, intensity and duration of
precipitation events, as well as the avapotranspiratiocn following the
precipitation events. '
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2.1.4 Hydrological and geostatistical modeling

In assuming that the overall hydrolegic system within the
unsaturated zone at Yucca Mountain can be described by conventional
theories of fluid scorage and povement in porous and fractured media.
the present and probable-future spatial distribution and values of
hydrologic parameters can be sstinated froz appropriately constructed
hydrologic models. The successful development of numerical models of
the hydroleogic system will {ncrease confidence in the gechydrologic
framework, distribution of {nput paranmeters, and i{nitial and boundary
conditions, and thus increase the confidence in parformance and design
analyses.

Because the spatial and tezporal simulation of moiscure flow within
the shallow unsaturated zone {nvolves complex interactions that can be
described only with the aid of hydrologic models, preliminary data froam
infileration tests wvill be used for multiscale, numerical modeling of
the shallov-unsaturated zone. These models will, {n turn, contribute =0
the geohydrologic program of Yucca Mountain that will provide a
cescription of the important components of the gechydrologic system and
will reflect an understanding of hydrologic paremeters and initial and
boundary conditions and processes.

Hydrologic meodels will be developed to describe two distinct zones
of the hydrolegic systen: the unsaturated zone and the saturated zone
(Figure 2.1-1). 1In turn, the unsaturated-zone system and the upper
portion of the saturated-zone system on Yucca Mcuntain are divided into
three activities to faclilicate site chavacterization. The 20ne of
surface infilcration i{s the subject of this study plan. A very thick
unsaturated zone of percolation {s located immediately benesth the zone
of infiltration (Studies £.3.1.2.2.3 and 6.3.1.2.2.4), and the zone of
percolation {s underlain by the saturated zene (Study £.3.1.2.3.1).
Data from each of these zones will be used in formulating the
unsaturated. and saturated-zone models. In addition, a surface-water
hydreclogic model (Study £.3.1.2.1.2) w{ll be developed to provide input
to the other two hydrolegic models, as they are also fmpacted by surface
water,

The hydrologic models will be used at many stages to perform
preliminary analyses, to design and snalyza tests and experiments, and -
to analyze and interpret field data. Experimental data may have
uncertainties dus to Deagurezant errors and to the presence of both
random and correlated large-scale spatial variabilicty (heterogeneities).
These uncertainties must be considered to assass the sccuracy with which
nuzerical hydrolegic models can sioulate the natursl geohydrelogic
systen. The sensitivity of performance measures (Table 7.2-1) to
varicus parazeters vill bes determined., Hodeals can be used as tools to
improve understand’ng of the gechydrelogic system, to test hypotheses,
and to further guiase data collection.

Preliminary conceptusl models of the unsaturated-zone hydreloglc
system were developed by Montazer and Wilson (1984), Klavetter and
Peters (1986), and Wang and Narasimhan (1985). These models were based
on principles of unsaturated flow, some preliminary data, and a basic
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knowledge of the geclogic framework at Yucca Mountain. Several
discussions exist throughout the text of hov this study will provide
data necessary to test conceptual models. Data to be collected in this
study are necessary to test the validicy of chese models as wall as
alternative conceptual models.

The infiltraction tests and correspending hydrologic models in this
study plan concantrate on the shallowv unsaturated zone. Data from the
infiltration studies vill be used to determine {f flow pathways and
fluxes agree vith theose assumed by conceptual nodel. These data vill
net only contribute to an understanding of the present climatic
conditions, but will be useful {n understanding the infiltration process
for future, possibly vatter climatic conditions. 1In turn, this
understanding of the infiltration precess for various conditions will be
used in the development and validation of nunerical models for
alternative climstic scenarios (ses Saction 4 for appropriata
references). Finally, ipplementation of these models will result (n
determination of the upper flux boundary cendltions of surficial
materials at Yucca Mountain, essentfal knovledge for modeling flux
through the entire thickness of the unsaturated zone.

Results from hydrologic modeling may be used to analyze the flow
field for defining flow paths and coaputing ground-water travel time.
Such modeling requires sufficiently detailed knowledge of the
hydrogeolegic framevork and the distribucion of hydrologic parameters.
The unsaturated-zone hydrologic model, vhich s an integral part of the
geohydrologic program, will use hydrologic parazeters determined by the
infilcration cests. The {mportance of the unsaturated-zone infiltration
tests for deterzining the values and distribution of hydrologic
parazeters is emphasized., Mulciple-approach, variable-scale testing of
surficlal paterials, end geostatistical analysis of infiltration-related
parameters will enhance the data base necessary to understand the upper
boundary conditions for water movezent in the unsaturated zone.
Ultizately, this will lead to the complete development of an
unsaturated-zone model and to the increased understanding of the
repository block beneath Yucca Mountain.

Geostatistics will be used in interpolation of values of parameters
for araas vhere noesasurements are not available, and allow for
calculatien of variances vhich may ald in estimation of reliability of
interpolated values. UWater contant, conductivity, depth to bedrock,
thickness of unsaturated zone, precipitation, potential
evapotranspiration and ground slope are exanples of parameters that may
be amenable to geostatistical analysis. It {s specifically noted that
geostatistical methods are being used priparily as a method of
interpreting data and will not be uti{lized as a replacement for
decerminiscic approaches or as & basis for quantification of
uncertainties.

Cecstatistical methods refer to a collection of statistical
techniques for analyzing and podeling the spatial structure of
“regionalized variables® distributed spatially and/or tezporarily.
These techniques are based on the *"Theory of Reglonalized Variables®
developed by Matheron (1963), vhose work provided the theoreticsl basis
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for the methodology originally devaloped by Krige, Sichel, and de Wijs .
in the 1950’s to estimate orea reserves in the gold flelds of South \\;)
Africa (Clark, 1979; David, 1977; Henley, 1981)., A geostatistical

analysis can be used to: (1) estimate values of the regionalized

variable at unmeasured locations (or tloes) within a vector space; (2)
calculate estimation variances for estimated values; and (3) help

fdentify optimum samp.ing locations for lddltlonal measurements of a
regionalized variable.

Ceostacistical techniques were sslected over other estimation
schemes becauss they are believed to provide tha best (zinizmum
estication varfance) linear unbfased estimate of a regionalized
variable. This {3 achisved by the uss of a covariance or semivariogranm
model, which defines tha spatial correlation structure of a regionalizecd
variasble. The est{mate is a linear coabination of available
measurements, and the vector of "weights® {s obtained by solving s
system of linear equations. The systea of equations incorporates
information sbout the relative distance and direction of the available
data to the point being estizated, and the configuration of each data
point relative to all other dats points used in the estimation. The
weighting vector {s also used to calcula:e the estimation variance of
the estimated valus.

Hultivariate technigues can be utilized to characterize and model
spatial cross-correlations betveen regionalized variables. This allows
for the incorporatiocn of nsasured values of all correlated variadbles
{intc the estimation of a variable at unnsasured locaticns, and results
{n reduced astimation variances (loproved sstination accuracy). The )
smount of improvement is dependent on: (1) the degree of correlation :
between variables: (2) the proximity of additicnal data to the point
being estimated; (3) the arrangensnt of additional data in relation to
the point being estimated: (4) the number of sdditicnal data used in the
estimation; and (5) the arrangement of the additional data with respect
to the measured values of the variable being estimated.

The analysis of the random component of a reglonalized variable
iavolves the use of the experimental sealvaricgran, vhich is derived
from the available data. The structure of spatial variadbility can be
determined by careful inspection of the oxparimental seaivariograz, in
conjunction with a careful inspection of the spatial configuration and
discribution of nsasured values, and knovledge of the physical nature of
the regicnalized variable., 1If sufficient data are available,
directional experimental semivaricgreas, as wvell as "local® experimental
senivariograas vithin varfous subsets of the total sample can be
calculated. This allovs for a more destailed structural analysis in
vhich assumpcions sbout isotropy and stationarity of the regionalized
variable can be tested.

Using the results of structural analysis, oodel semivariogranms are
selected and fitted to the experimental seaivariograns. The models can
include: the range of spatial correlation, the degres of spatial
correlation, the "nested” spatial structures associated with different
scales, directions of maximum and ninisun variability (zonal )
anisotropisem), proportional effects associated vith non-staticnaricy,
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directional changes in the range of spatial correlation (geometric
anisotropism), the range of quasi-stationarity, etc. The validity of
the fitted mod.l can be tested using cross-validation in which each
measured value i{s individually removed and astimated using the remaining
values. A comparison of the measured and esticated values gives a
measure of the validicy of the model.

Therefore, it is ipportant that the model of spatial structure
reflect geologic reality, and these procedures can be modified .o
incorporate qualitative or subjective {nforzation (so-called "sofc”
data). Through the use of techniques such as soft kriging, interval
kriging, and Bayesian kriging, the estimates and estimation variances
can be constrained to reflect soft data (e.g., prior knowledge of
geclogic structure and stratigraphy). With these processes, the mos:
accurate and realistic estimates may be obtained.
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2.2 Constraints on the study

2.2.1 Representaciveness of repository scale and correlation to
repository conditions

The unsaturated-zone {nfiltration tests wvill be performed at sites
on Yucca Mountain and overlying the repository block. Because of this,
the environment in which the infiltration tests will be conducted is
representative of the repository area. How wall each test will
represent present or future cenditions of the repository area at the
scale of the repository depends on factors particular to each test.

2.2.2 Accuracy and pracision of matheds

Selected and alternate field tasts are suansrized in tables at the
end of each activity description (Section 3). These tests were selected
on the basis of their expected precision and accuracy. duration, and
interference with other tests and analyses. The actual accuracy and
precision of the surficlal-hydrologic and infiltration-properties tests
is difficulet to quantify prior to any implementation of testing.

2.2.3 Potantial impacts of activities on thas site

The tests described {n this plan are not expected to impact the
repository block site conditions, nor have adverse effect on the abfilicy
of Yucca Mountain to isolate vaste. The proposed work should not sffect
the site in terms of either exploratory shaft or repository design.
Approxicately 100 neutren-access boreholes for site characterization and
monitoring natural infileration will be drilled {n the surficial u.ics.
These boreholes will only penetrate several meters into the bedrock and
will not penetrate the repository block. The construction of rainfall.
sizulation plots will {zpact only & small area of the ground surface and
have nc {mpact on the repositoery bleck. The small amount of water
supplied to the surface (<30 cm) is equivalent to one or twe years of
precipitation. The rainfall simulations are designed to cause runoff so
that the majority of water spplied is later collected and measured.

2.2.4 Time required versus tims available

A tentative schedule of work activities and reports {s given for the
three activities in Section 5. These schedules assume that five years
will be available for site characterization. The start of the natural-
and srtificial-infilcration activities is constrained by the
construction of the rainfall-simulation plots. The drilling of neutron-
access holes is not considered to be a major constraint on the timing of
this study. Also, the time required toc complete sach test and analyze
the data vill not be a constraint.

2.2.5 Interference
There are no known interferences betwsen this study and other
studies within the site-characterization plan, nor will the proposed

work interfere with the design and construction of the exploratory shaft
facilicy.
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3 DESCRIPTION OF ACTIVITIES
The study s organized into three activicies:

o 8.3.1.2.2.1.1 - Characterization of hydrologic properties of
surficial naterials, '

o 8.3.1.2.2.1.2 - Evaluation of natural infiltracion, and
o £.3.1.2.2.1.3 - Evaluation of artificial {nfilcracion.

The plans for these activities are described {n Sectiocn 3.1, 3.2, and 1.3,
respectivel:,
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3.1 Characterization of hydrologic proparcies of surficial materisls
3.1.1 Objective

The cbjective of this activity is to characterize the infilcracton:-
related hydrologic propcrtles of the surficial materials covering Yucca
Mountain,

3.1.2 Rationale for activity salecticn

Hydrologic-property data from the surficiasl materials of Yucca
Mountain are required tec calculate or model ground.-vater flux and to
define gechydrologic-surficial units. In this activity, hydrologic
properties are defined to include paranéters which are properties of the
soil and rock or the scil-rock-fluid systea: density. porosicty,
permeability, vater characteristic curves, soil texture and fracture
characteristics. They also {nclude parameters vhich describe the in
situ hydrologic cendition, or state of water, in the soil and rock:
water content, water potential, and matric potential. Many of the
methods that wvill be used to determine these parameters (listed {n Table
3.1-2, p. 3.1-28) are discussed In detail in Study 8.3.1.2.2.3
(Characterization of percolation in the unsaturated zone -- surface-
based study). Present-day fluxes at polnt locations can be estimated
using Darcy’s Lav, or equations based on Darcy's Law, that incorporate
water potentials, molsture content, and perueabilicy (saturated or
unsaturated), measured at these locations.

For both conceptual and mathematical modeling, Yucca Mountain mayv be
divided intc large areas called geohydrologic-surficial units, each
characterized by a set of unique hydrclogic properties. A statistically
based, matrix hydrologic-testing progran fer scil and rock samples
complemented by a similarly designed In situ or field-based hydrologic-
parameter testing program is necessary to characterize the spatial
discribution of hydroleogic parameters for all of Yucca Mountain.
Statistical and geostatistical methods will be used to anaiyze
hydrologic data and to estimate parazeters between measurement points.
These analyses and estimates vill then be used to identify boundaries
between geohydroclogic-surficial map units and to calculate flux within
the unitcs.

As oventioned above, hydrologic-property data will be obtained both
from laboratory measurszents on soil and rock samples and from in sicu
or field measurenents. Measurements on soil and rock sazples will be
limited to matrix-hydrologic properties. Field messurements will
include both patrix and fracture properties. (Fractures will alsc be
addressed and supporting data collected in Sections 3.3.3.1, 3.3.3.3,
3.3.3.4 and USCS-SP 8.3.1.2.2.8 and SP 6.3.1,2.2.9.) Rock samplas will
be collected mainlv as core froa neutron-access and infiltration-related
bereholes and from vutcrops. Soil samples will be ocbtained from the
surface of Yucca Hountain as grab sazples or minimally disturbed core.
Procedures for analyzing core as well as deternining numbers of core
sazples and distance betveen samples are in Study 8.3.1.2.2.3. In sicu
zeasurements of hydrologic properties, as well as sofl sampling and’
testing, are in Section 3.1.3. It is currently not feasible to identify
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a prior{ the number and location of all sasples. Since this study uses
oulciple approaches and is iterative, sufficienc samples will be
ccllected for characterization of surficlal materials.

3.1.3 Ceneral approach and summary of tests and analyses

Characterization of the hydrologic properties of surficial materials
includes: (1) sampling, tasting, and mapping: (2) borehole geophysical
{nvestigations; (3) surface geophysical investigations; (4) remota
sensing: and (5) geostatistical analysis. Analyses done on core
collected froa the boreholes, as outlined in USGS-SP 8.3,1.2.2.3, will
be used to support these studies, Hydrologlc characteristics from these
and other tests described in this plan will be analyzed using
statistical and geostatistical methods to delineate geohydrologic-
surficfal units. Representative hydrologic characteristics for areally
subd{ivided gechydrologic surficial unltl vill then be used to model
infi{ltraticn at Yucca Mountain.

Gechydrologic-surficfal unics wvhich are {nftially defined on the
basis of shallow-infiltration behavior of the upper 0.3 & (1 fc) of
surficial paterial are called Infilcratlion-runoff msep units, vhich may
include more than one stratigraphic unl: (0.3 m i{s the depth of
invescigation for most of the surficial' tests, L.s., bulk density
sanples and infllcrozeter). Infiltration-runoff map units encoopass the
plant-soil-actmosphere boundary. It {s for these surface units that the
calculation of infiltration and runoff rates will be made. These units
are expected to include the influsnce of surface hydrelogy, including
plant cover, litter cover, and biotic activity, as well as atmospheric
inputs such as precipication, wvind and shortwave and lengwave radiacion.
In addition, the processes of heat and vapor transfer through the soil
and plants are most dynaaic in the upper 0.3 m of scil and can be
readily characterized in that location.

Geohydrologic-surficial units which are defined to characcerize net
infileration processes at depths greater than 0.3 o are termed
gechydrologic-surficial map units. Interfaces between soll cover and
bedrock are contained in these units. Infiltration tests are expected
to help define the direction and magnitude of water movezent beneath the
active root zone, below vhich the short time constant atascspheric inputs
are largely damnpened. The depth below which infilcration continues down
tc becone recharge is contained within these units, and definition of
this dapth range iz an important objective of this study., It is
tecognized that in sone cases infiltration-runoff amsp units and
geohydrologic-surficial map units may be congrusnt.

Figure 3.1-1 sumnarizes the organization of the surficial-materiais
tests. A descriptive heading for each test and analysis appears in the
boxes of the second row., Bealow each test/analysis are the individual
methods thst will be utilized. Figure 3.1-2 gumnarfzes the cbjectives
of the activity, design- and performance-paraneter categories vhich are
addressed by the activity, and the site paraneters measured during
testing. These appear in the boxes in the top left side, top right
side, and below the test/analysis boxes, respectively, in Figure 3.1.2.
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The two figures summarize the overall structure of the planned
activizy in terms of methods to be employed and messurements to be made.
The descripticns of the following sections are organized on the basis of
these charts. Methodology and parameter information are tabulated as 2
means of summarizing the pertinent relations among (1) the site
parameters to be determined, (2) the i{nformaticn needs of the
performance and design issues, (3) the technical objectives of the
activity, and (4) the oethods to ba used,

The following sections describe tests and anzlyses to be conducted
as & part of the surfici{sl-materials tests. Each of the tests described
in these sections has been divided into prototype and site-
characterlization components. The prototype compenent must be
successfully completed before the site-characterization corponent can
begin. Characcterization of the site with these methods will not be
conducted if prototype tests indicate that methods and/cr equipment
cannot be successfully applied to Yucca Mountain.

Hydrolegic-properties tests will consist of extensive sampling and
hvdrologlc characterization of surficial waterials of Yucca Mountain
overlying the repository block. Geostatistical analyses are planned to
assess the spatial (lateral) variabilicy of surficial hydrologic
characteristics. Modeling these lateral variabilities in conjunction
with vertical distributions of parameters (evaluated from other
activicies) will result in & three-dimensional discribution of the
values and variasblilities of parameters within the repository area.
Sim{larly, representation of present conditions will be useful for
modeling and predicting potential future repository conditions.

Yuceca Mountain {s centrally located in the Amargoss Basin drainage
(Figure 3.1-3). All drainage on and around Yucca Mountain have a commorn
cutflow point at the south end ¢f the basin. This basin is the
framework for the regicnal meteorology studies (Study 8.3.1.2.1.1) and
will be described in thar study plan. The repository boundary is
overlaid by three distinct vatersheds shown in Figure 3.1-4, vhere the
stippled area {s the wvatershed boundaries from Figure 3.1-3 which have
been defined using examination of topographic maps and site visits and
are proposed as a starting point for further analysis. The three
watersheds, Drill Hole Wash, Busted Butte and Solitario Canyon will
receive the most emphasis. A fourth watershed, Yucca Wash, will also be
considered because of its proximity to the repository block, but wiil
not be described with the same detail. A fifth watershed, Forty-cile
Wash, will be considered because of its potential importance to ground-
vater recharge at the site. Other studies in Forty-Mile Wash are
covered under other study plans, Study £.3.1.2.1.3 (Characterization of
the regional ground-water flew system) and Study 8.3.1.2.1.1
(Characterization of the meteorology for regiocnal hydreloegy).

3.1.3.1 Sacpling, testing, and mapping
The purpose of this activity {s to develop a map of surficial

caterials of Yucca Mountain delineating areas or mip units with
common shallow-infiltration and runoff properties. These m2p units
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will aid in modeling runcff and shallow infiltration as & function
of precipitation as wvell as facilitate a qualicy sazpling scheme.
The USGS Geclogic Division has produced a 1:12,000 geologic map of
the surficial wmaterisls of Yuceca Mountain (Scott and Bonk, 1984).
These unics are expected to be the base for developing map units
with common infiltration and runoff properties.

Geclogic-surficial units, defined by Scott and Bonk (1984) will
inftially be used to develep a senpling and testing scheze to
characterize the spatial variability of hydrologic properties.
Statistical and geostatistical analyses will be used to help
determine the spatial structure of these properties and therefore
help to further define infilcration and runoff map units (units
vhich have similar infiltration and runoff properties). As
discussed earlier, they differ from tha geohydrelogic-surficlal map
units, because the geohydrologic-surficial map units will be defined
on the basis of net infiltration wvhile infilcration-runoff surficial
map units will be defined on the basis of shallow-{nfiltracion
properties of the upper 0.3 = of surficlal materials. The relation
betveen geohydrologic-surficial map units and infllcrat{on-runoff
surficilal map units will be discussed further in Section 3.3.3.1.

3.1.3.1.1 Prototype studles

Prototype sampling, testing, 'and mapping was done on a
canyon-ridge systen at Yucca Mountain (Schmidt, 1988). The
technical approach focused on relaticnships ameng geomorphic
process/response systezs and the physical properties of
surficlal materials. The physical properties measured included
particle-gize distribution, total scll density, fine (<2 mm)
soi]l density and wvater content. Geomorphic parameters included
component landforms, slope, aspect, depositional processes,
thickness cf surficial material, and particle-size distribution
with depth.

During the sampling phase of the work, three different bulk-
density samplers were utilized and compared for effectiveness in
measuring bulk density and collecting representative soll
sazples on Yucca Mountain surficial deposits. These were: (1)
nuclear-density gage sampler (ASTH, 1984a), (2) sand-cone
frregular-hole bulk density sampler (ASTHM, 1584b), and (3) bead-
cone irregular-hole bulk density sampler (Flint and Childs,
1984b). Due to the high rock-fragnent centant and rugged
topography, the bead-cone irregular-hole bulk density sampler
proved more effective in deternining bulk density (25-30 co
deep). Irregular hole bulk density samplers are used to measure
the volune of an excavated hole. The bead cone fills the hole
with a known volume of beads. As this saapler incorporated a
larger sanmple size, it could better represent the variabilicy
due to rock fragments. Its design alsc allowed for use on
sloping surfaces. Samples collected from ths besad cone
excavation were used to determine total and fine soil density,
voluzetric-wvater content, water potential, particle size
distribution, soil-moisture characteristic curves, and porosity.
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The measurements are being used in regression and geostatistical
analysis, as vell as determining other parameters, such as
calculating saturated and unsaturated hydraulic conductivity
from parcicle size distribution (Campbell, 1985).

Additicnal measurements will be taken in the canyon-ridge
systen to complezent the prototyps infiltrometer measurements
described in Secticn 3.3.3.1.1. The results of these
peasurenents will be cozbined with the prototype tests described
in this section to: (1) develop a statistically based sampling
progran to characterize infiltration-runcff surficifal map units:
(2) develop a map of inflltraction-runoff surficial units in the
prototype canyon-ridge systen (classificaticn based primarily on
geomorphic criteria); and (3) dateruine {f these gecmorphically-
based surficial azp units can be used to delineate infilctration-
runcff map units on an areal basis. The resulting surficial
maps will also be used to aié in remote sansing studies (Section
3.1.3.4).

The prelizminary definitions of infiltration-runcff map units
will then be used to define a sazpling scheme for conducting
prototype inffltration tests in the fleld. During these tests
various infiltroeters will be: evaluated (Section 3.3.3.1). The
sice of each infiltration test will be characterized by
deternining slope, aspect, vegetation type, percent cover,
general soil classification and depth of surficial materisls to
bedrock. Besd-cone peasurenents will also be collected at these
locations to fully describe the physical properties mentioned
earlier.

Yhen all field and laboratory tests and classifications are
completed, data bases will be prepared using a geographic
information system. Map overlays for each parameter will be
prepared, Data from other finvestigations, both wichin and
external to the scops of this study, vill also be {ncorporated
in the database. The final conposite will include overlays of
infilcration rate, geclogy, soil physical characteristics,
elevation, slepe, aspect, In situ vater content and vater
potential, scil depth, soil classification, vegetation type and
percent cover, renotely-sensed band ratio {mages, and roads and
disturbad areas. These overlays vill be cocabined and analyzed
to obtain ths composites of paraneters that best correlate with
infiltratfon rate. Ceostatistical analyses will then be done on
the correlated paraneters to dafine the nature of the
correlation and to produce estimates of infiltration for each
vatershed. The estinates will be validated by additional fleld
measurezents of infiltration according to Section 3.3,

3.1.3.1.2 Site characterization
An objective of the prototype tests is to develop optimum
pmethods for determining infiltration-runoff units on Yucca

Mountain., Afcter optimum methods are identified, technical
procedures will be written for detailed sampling and mapping for
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Yuceca Mountain and surrounding aress. It is expected that a
cosbination of measurements and sodels will bs used to define
these units.

3.1.3.2 Borehole geophysical investigations

Borehole geophysics {s a useful technique that produces
continuous records of various earth properties over the length of
the borehole. Borahole geophysical logs have several advantages
over core samples, such as: (1) thay measure a large volume of rock.
(2) they are continuous assssurenents (as opposed to point samples).
(3) they are non-destructive, and (4) they can acniter changes in
physical propertiss with respect to time,

3.1.3.2.1 Borehole-geophysical methods

Three types of borehole logs vill ba done on Yucca Mountain
to characterize the hydrologic properties of surficlal
materials. These are gamma-gemsa density logs, neutron-porosity
logs, and caliper logs. Thes small, hand-held, nautron-moisture
meters are also used as part of the natural-infiltration studies
(Section 3.2).

3.1.3.2.1.1 Cazza-gazza dsnsity logging

Caznma-ganmna density tools maasure vet bulk densities in
a formation vhich ia penetrated by a borehole. The teools
have a gamna-enitting radloactive source and one or tvo
gamza detectors at differant di{satances fron the source. The
count rate detected is related to the density of the pediux
surrounding the tool. A two-dstector density toel has the
advantage that each datector measuras ganza radistion that
has traveled through a different veluns of rock. The count
rates from these different volunes of rock may then be used
to idencify and correct for apparent density fluctuations
caused by changes in borshole rugositcy.

3.1.3.2.1.2 Hautron-porosity ioggin;

long- and short-spaced nsutron porosity tocls are used
to measure volumetric-water content in a formation
penetrated by a borehole. When used in conjunction with a
density tool, one can {nfer or calculats dry bulk density of
the surrounding rock (Asquith and Gibson, 1982). These
tocls have a neutron emitting radicactive source and one or
tvo neutron detectors, also at different distances froa the
source. The neutron count rate in thess detectors is
priparily fnfluenced by ths hydrogen content (primarily in
water nolecules) of the medium surrounding the tool. A two-
detector neutron tool has the advantasge that sach datsctor
geasures neutrons vhich have traveled through a different
volume of rock. The count rates frea these different
volumes of rock may then be used to fdentify and possibly
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correct for apparent water content fluctuations caused by
borehole rugosicy.

The short-spaced neutron-porosity tool (that used in the
neutron-logging program, Secticn 3.2.3.1) {s very similar to
the long-spaced tool in design, but {t uses a very short
source-datector spacing. This reductiocn in spacing allows
it to achieve much greater vertical resclution, but also
reduces the lateral depth of penetration into the formation.
Therefors, nsasurements will be influenced much more heavily
by borehols conditicns. The long-spaced neutren-porosity
tools will be used {n conjuction with the short-spaced tool
to allov corrections to be made for borehole condition while
caintaining a greater vertical resolutien,

3.1.3.2.1.3 Csliper logging

Caliper logging measuras varifations in the diameter of
uncased boreholes., It is necessary to run caliper logs in
uncased sections of borahcles to describe the rugosity of
the borehole in detall. The rugosity information is
critical to correctly intekpret the previcusly mentioned
geophysical logs, (e.g., in a gamma.gamma density log, high
borehole rugesity could be misinterpreted as low wet bulk
density i{n the formation).

3.1.3.2.2 Calibration of borchblc geophysical tools

Before results froz borehole geophysical tools can be used
quantitatively, it ig first necessary that they be properly
calibrated. Tool calibration i{s dependent on many factors
including tool design, hole conditions, caszing type, hole
dianmeter and rock propertiss. Both laboratory and field
calibrations vill be used. The field calibration equation will
be transferred to laboratory standards as a long-term, non-
changing reference, as discussed in the following section.
Borehole calibrations, based on conparing tool response to
peasurensants on core sazples, will be used as the principle
nethed for calibrating logging tools.

3.1.3.2.2.1 laboratory calidbraticns

Laboratery calibration for the nuclear logging tools
vill consist of thres categories: (1) field calibration,

(2) secondary laboratory standards, and (3) pertable field
standards.

Twvo continuously cored borsholes will be used as field
calibration reference holes. Core collected will be
processed in the laboratory to determine bulk density,
porosity snd volumstric water content. Keutron meisture
meters will be used to log the calibration boreholes
ionediately upon completion of coring. Correlation between
laboratory measurements and field measurements will
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constitute a field calibration. Since the field conditions
are expected to change, the nsutron-moisture meters will be
logged in the nonchanging secondary standards to carry
forvard the field calibration in tims. The secondary
standard (dascribed belov) will be used to verify any new
neutron moisture meters and periodically (every 6 months),
all active neutron moisture meters.

The sacondary laboratory standards (basically, tanks
filled with a materfal of known density and water content)
are designed so that nuclear logging tools will have a
similar responss to actusl field conditions. The tanks are
large enough to ba consfidered "Infinite™ (i.s., the tool is
not influenced by the presence of the boundaries of the
calibraticn standard) and contain the same type of casing
used {n the nsutron access holes. The material i{n the tanks
{s selected to have sizilar mineralogy. water content and
density as the field and this asaskes thez very useful for
optimizing tocl design. These standards alsc provide a
reference vhich aay be logged on a routine basis to
guarantees tool stabilicy.

Three of these tanks have alresady been constructed.
They contain a mixture (equal parts by weight) of fins,
natural sand and 200-pesh eilica flour. The volumetric-
vater contents of these tanks are 20.7%, 1).8X and 7.72
(Table 3.1-1). %wo more calibration tanks have been
proposad, one with saturated silica sand (with a porosicy of
adout 351), the other with a sand-silica flour mixture
having a very lov water content (approximately 0.51). Afcer
five years of sonitoring, no redistridution of water in the
tanks has besn observed.

Calibration standards for ganma-gamma density probes
vill alsc be constructed. The current calibration tanks
(vith a dry bulk density range of 1.5-1.6 g/en') do not have
the necessary range of dansicy valuas (Table 3.1-1) to
construct useful calibracion curves. The new standards will
be constructed froa large blocks of aluninun, magnesium, and
sulfur using the sane borehole dianeter as used in the
calibration tanks (128 ma ODEX casing).

The third category, portable field standards, insures
that the tools are functiening properly bafore and after
they are used on a dafly basis. Ths standards are,
typically, small aluninua or magnesfua blocks. Two
standards of differing densities are used so that the
calibration may bs tested for changes in both displacesent
and slope.

3.1.3.2.2.2 Pield calibrations

Because laboratory calibrations cannot reproduce flald
conditions exactly, proper borehole-fleld calibraticns are
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essential to the success of any logging progran vhere
accurate quantitative results are desired. To obtain a good
field calibraticn it {s necessary to have physical property
Deasurements made on a large number of core sazples froz
differant depths in the borehole using amethods that insure
that samples are representative of the formation In situ,
but also cover a large rangs of expected conditions. The
use of a coring and drilling method which minimizes the
disturbance of the wvater contents of the formation rock and
cors in near surface boreholes at Yucca Mountain
(Hazmermaister and others, 1985) presented an opportunity to
study and develep fleld calibration metheds with high
quality data. This drilling techniqus and the large nusber
of core samples which will be taken should allow very
accurate calibrations to be developed.

3.1.3.2.3 Borehole geophysical applications

Porosity and vater content information are both very
{mportant parameters vhich are used to model infilctration. Core
measurenents are axpensive and time-consuming but provide good
quality point measurements. Borehole geophysics provide a
convenient method for measuring these same values over a
continuocus region but may not be the same high quality as core
pessurezents. When combined, these twvo techniques will provide
a complimentary logging progran.

3.1.3.2.3.1 Prototype studies

Prototype tests have been conducted with single detector
neutron and gamma-gamna toocls., Thess tests have shown that
a reliable peans of decentralization coupled with mulcei.
detector tools is necessary to achieve high quality,
precision logs. Hulti-detector neutron and gamma-ganma
tcols are currently being evaluated. These tocls, having
both good decentralization and two detecters will allew high
quality logs to be produced in the future. ITIwo-detector
tools enable the analyst to sorrect logs for borehole
rugosity. Twvo prototyps calibration holes vwill be
continuously cored te provide the range of densities and
vater contents required to develop adesquate calibration
procedures. The boreholes will be located in scil and rock
that have the range of densities, water content, and
mineralogy expected at Yucca Mountain. The tool
configuration ({.e., source-dstector spacing) will be
evaluated to determine the suitability for Yucca Mountzin
and the influence of density, mineralegy, bershole rugosicy,
casing type and borehole dianeter in these two calibration
borsholes.

3.1.3.2.3.2 Site characterization
WVhen the proper procedure and tocl design {s determined,

nev calibration holes will be cored to provide calfbracions
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that vill be used for site characterization. The
geophysical logs will then be run in all available boreholes
to characterize the near-surface condicions. GCeostatistics
will then be used to help determine where additional areal
data i{s needed for each parametar to reach desired accuracy
levels (aee Section 3.1.3.5). Those boreholes gpecifically
assccisted vith the infiltration prograz will be run several
times to characterize changes in properties during natural-
{infilcration and lrtiticic}-lnflltratlon experiments.

If it i3 determined that bulk density {s required for
proper calibration of the small, hand-held neutron-moisture
meter, then the borehole logging will be used to provide
that data. MHistorical dati can be reevaluated using the
nevest calibration equation {f it {s assumed that bulk
density has not changed over the times of logging (&4-5
years). This dataset will be used to calibrate models of
infileration as vell as produce a large database that will
be incorporated into the geostatistical analysis to
characterize hydrologic properties in three dimensicns.

3.1.3.3 Surface geophysical invastigations

There are a variety of surface gecphysical methods which may be
used during the shallow unsaturated-zone investigations. These
include: (1) ground penetrating radsr, (2) shallow refraction
seismic, (3) geotomography, and (4) electromsgnetics and
resistivity. They will be used to: (1) estimate the thickness of
the unconsolidated surficial materials, (2) {dentify caliche zones,
(3) measure natural and artificisl wetting fronts, and (&)
investigate fracture geomstry.

3.1.3.3.1 Description of geophysical mathods

The fellewing discussion is a brief summary of the methods
to be evaluated. The techniques listed are not all inclusive
but are expectad to cover the range of available surface
techniques.

3.1.3,3.1.1 Cround penetrating radar

Cround penetrating radar (CFR) is & gecphysical
technique wvhich may be used to delineate subsurface bodies
vhich have different dielectric or resistive properties
(Benson and others, 1982). It oparates by using an antenna
to send electromagnetic (radar) pulses {ntec the earth and
geasuring the time it takes for thess pulses to be reflected
back to the antenna by subsurface targets. The practical
zaxinun depth of investigation with any technique utilizing
electromagnetic radiation is limited by the skin depth,
vhich is defined as the depth at which the original
radiation has been attenuated to 37 percent (1/e) of {ics
original amplituds. The skin depth (hence the depth of
investigation) increases with decreasing conductivity,
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magnetic permeability and signal frequency. This {mplies
that for a given material, the depth of investigation may be
{increased by using a lover frequency antenna. It should
alsc be noted that as the frequency is lowered, rasolution
is also lowered. The radar frequancy must therefore be
chosen to fit each geologic situation. The frequency is
changed by simply changing antennas on the equipment. GPR
{s of very linited use if tha aaterials betveen the antenna
and the target are highly conductive, Soze examples of
highly conductive earth materials are clays, and saturated
soils. Conversely, CPR may bs expected to work best in
caterials vhich have a high resiscivity, or low
conductivity, such as dry silica sands and gravels (the
major constituents of unconsclidated surficial naterials at
Yucca Mountain which rensain dry to the contact with bedrock
(see Figure 3.2-5, p. 3.2-19)).

3.1.3.3.1.2 Shallov refraction seismic

The refraction seiszic method is used to detect
subsurface velocity varfaticns. It utilizes an impulsive
energy source (sledgehamner, explosives, weight drop, etc.),
a series of selsmic detectors (geophones), and a device for
recording the collected information (seismograph). The
geophiones (usually 12) are normally arranged in line with
the source. The time that it takes for a seismic wave to
travel from the source to each datector is plotted on a
tize-distance graph. This graph can be used to infer
subsurface geologic information (Sjégren, 1584). The
refraction seisnic method will yield the most accurate
results {f the subsurface valocity laysrs are well defined,
continucus, and their velocities increase with depth.

3.1.3.3.1.3 Geotomography

Geotomography, when coupled with pending experiments,
can be used to pap the flow paths of infiltrating water
(Ramirez and Dafiley, 1984). From thess flowv paths, fracture
geonstry (if present) may be inferred. In this nethod, a
high-frequency (300 13iz) electromagnetic signsl is
transaitted betwsen two or more coplanar boreholes. The
position of the transnitter and receiver are arranged in
various relative positions up and down the boreholes to
obtain a large number of transaission paths through the rock
or sedizment. The transnitted signal, being influenced by
the slectrical conductivity and dielectric constant of the
zaterial betveen the transaitter and receiver, is attenusted
to various dsgrees. To datermine the distribution of signal
attenuation, the region batween the boreholes is divided
into many calls and an attenuation rate is calculated for
each cell froa line integral equations for each transmission
path. A pap £{s then constructed of the distribution of
attenuation between the boreholes. If the papping of
attenuation is performed bafore and after an infiltration
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experiment into fractured rock {n vhich wvatsr containing s
saline tracer is used, the difference in the two images is a
representation of the flov pathways. Ceotomography will
contribute socze information on fracture distribution and
fracture orientation.

3.1.3.3.1.4 Electrozagnatics and resistivicy

Resistivity and electroaagnetic methods respond to
variations {n the resistivity of earth naterials. The
resistivity mathod involves measuring the potential
generated betwaen tvo electrodes by forcing a current
betveen thea. These values may then be convarted into an
apparent resistivity value which {s a function of trus earth
resistivity (Telford and others, 1976). The slectromagnetic
method responds to the same physical properties in the
earth. 1It, however, operates by inducing and measuring
current flow i{n the earcth with & pair of coils. The depth
of invesctigacion is limited by the skin depth (discussed in
Sectien 3.1.3.3.1.1), as are all electromsgnetic nethods.
The electromagnetic method is most useful as & tool to
rapidly measure lateral variations in earth resistivicy.

The resistivity method may also be used in this capacity,
but it is also effective as a tool to measure vertical
variations in resiscivicty.

As the prototype davelopmant work progresses, it is
possible that other potential geophysical applications will
be fdentified. At that time they will be evaluated and used
as needed.

3.1.3.3.2 Application of geophysical methods

The folloving discussfon is directed at the application of
surface-geophysical mathods for specific purposes. Again, this
1{st {s not all-inclusive, as other applications may be
developed as exparience and technolegy develop.

3.1.3.3.2.1 Thickness of surficial matarials

The thickness of unconsolidated surficial materials (s
an important factor in deatermining net infilcration as
discussed in Section 2.1.3. The purpose of this
investigation is to determine the thickness of the
unconsolidated surficlal materials or, the asxizua
detectable depth to bedrock. 1f & zone of
evapotranspiration can be determined (see Section 2.1.3),
the knowledge of the distribution of unconsolidated
materials below that depth can be used to help identify
reglons of differing machanisas for net infiltration.
Boreholes are the best indicator of depth to bedrock, but
thess point peasuresents nead to be supplezented with other
techniques to obtain detailed areal coverage.
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3.1.3.3.2.1.1 Prototyps studies

During the prototype studies, several methods will be
evaluated to investigate their relactive applications and
suitabilicty for measuring the depth to bedrock on and
around Yucca Hountain., These methods are: (1) shallow
seisnic refraction, (2) ground penetracing radar, and
(3) indirect processes such as slope estimation
techniquas,

Preliminary seisaic work has been carri{ed cut by both
the Geclogic Division and the Nuclear Hydrolegy Program
of the U.S. Geological Survey. The Geologic Division
has conducted deep selsnic refraction surveys in the
vicinity of Yucca Mountain (Pankratz, 1982) to study
lithology, stratigraphy, and faulting. The Nuclear
Hydrology Program has alsc conducted preliminary
pretotype shallov refraction surveys to evaluate the
potential for deteruining the depth of surficilal
paterials over bedrock (Kneiblher, 1985). Both groups
have found that seismic velocities in alluvium are
typically less than 1,200 a/sec, while velocities in
velded bedrock range from 1,500 to 3,000 o/sec. In most
cases the velocity contrast betwveen the bedrock and the
unconsolidated surficial materials i{s large snough tc
permit the contact betweaen these units to be located.
The sefszic refraction techniqus has been used
successfully at sevaral lecations on Yucca Mountain as a
aeans of nmeasuring the depth to bedrock. Selsmic
surveys vere done in a narrow canyon (a relatively
difficult location) with good results (Figure 3.1-5).
The depths calculated by seismic refraction were found
to correlate well with borehole depths. Further work,
vhere borehole data are available, i{s currently being
conducted.

The geologic nature of the materials on Yucca Mountain
lipit the use of seisnic refraction to despths no greater
than about 30 maters or shallower than about 2 maters.
The saximun depth of investigation is caused by the fact
that the surficial materials on Yucca Mountain rapidly
filter cut high frequency components from the selsmic
wave and make it fmpossible to daternine depth to
bedrock vith any precision. The minioum depth of
investigation exists because paterials vhich are
essentially homogeneous in bulk, becoas very
heterogenscus vhen they are exanined in dstail by the
seisnic method. This means that results wvill be
cozplicated by large rocks and differences in the
consolidation of the near surface paterials. It will
also be difficult to obtain accurate depths to bedrock
using seiszic refraction at locations vhare the
surficlal materials contain high velocity zones (such as
vell-formed caliche layers, which are soil layers
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cezented by calciua carbonate, and developed in
locations with high evaporatioen), discontinuocus
layering, or at lecations vhere the bedreek is highly
attenuating (typically froa fracturing).

Cround penetrating radar (GPR) is also being
{nvestigated for its sultabilicy for datermining the
depth to bedrock. Tests conducted on surface scil
sazples froa Yucca Mountain indicate that CPR ghould
have very geod penetration in the surficial paterials.
The arid environaent, coarse-sandy nature of the soils
and lov clay contents are all favorable elesents for a
successful application of GPR. If GFR asthods prove
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Figure 3.1-6. Diagram showing cross~section of Pagany Wash showing surface
locations of selsmic survey, dopth to bedrock determined from borehole core
samples. and estimates of depth 1o bedrock from selsmic refration survey.
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suitable, it {s axpected to ba most usaful for decsiled
shallov-depth studies, and in narrow canyons, where
space constraints oake seismic refraction difficule.

GPR techniques should also be faster in the field, and
take less tiome to interpret than the refraction-seismic
zmethod. One complicating factor for GPR is {ts
sensitivity to radio frequencies. There i{s & tremendous
amount of radio frequency interference from Air Force
and Nevada Test Site activities vhich may limit the
ability co use CPR, ' '

Indirect methods using geologic information and other
cbservations (such as slops measurements of exposed
bedrock) will also be tested as a geans to estimate
depth to bedrock at locations vhere seismic refraction
and GPR are unsuitsble. These techniques wvill also
provide sozms confidence in the gecphysical techniques,
as it {5 {ndependent of the characteristics of che
unconsolidated surficial paterials.

3.1.3.3.2.1.2 Site characterization

Upon coumpletion of the prototype studies to determine
the thickness of surficial materials, site
characterization wvork will begin. The three methods
described sarlier will be used as needed. Because these
cethods are each affected by different physical
properties, it i{s expected that they may cozplement each
other wall. Maps will be produced to show the thickness
of unconsolidated surficial matarials for the study
area, These maps will be cozbined with other
information and refined as necessary by specific sice
neasurezents (such as borehole depth to bedrock).

3.1.3.3.2.2 Idancification of caliche zones

An fpportant component of the unconsclidated surficial
vaterials {s the presance of caliche layers. These layers
are relatively {cpermesble (unless fractured) and cay be of
cajor foportance in restricting net infiltration. These
layers may be continuous over large areas, which could cause
perched-vater conditions te occcur just belov the surface.
Surface-geophysical surveys may be useful in identifying the
zones of caliche and also determining the continuity froo
point to point.

3.1.3.32.2.2.1 Prototyps studies

Two cethods that may be sulted for identifying caliche
zones are refraction seisaic and ground penetrating
radar. Prelizminary work indicates that a vell daveloped
caliche layer i{n this area may be expected to have a
seisnic velocity of about 1200 n/sec. 1t may therefore
be possible to identify these zones with sefsmic
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refraction {f the overlying soils are unconsolidated and
have a lower velocity (<1200 m/sec) while bedrock is
denser with a higher elocity (>1200 m/sec).

GFR may also be useful in {dentifying areas where
caliche exists, particularly if discontinuous layers
exist ylelding sharp contrasts in reflection time. 1If
perched water occurs, surface resistivity and
electromagnetics may be useful.

3.1.3.3.2.2.2 Site charactsrization

Once the mathods have been evaluated then technical
procedures will be written and site-characterization
activities vill begin. Areal distribucion of caliche
zones vill be pappead. These zones will ba analyzed as
part of the natural- and arcificial-infilcration
studies,

3.1.3.3.2.3 Datearuination of watting-front location

Distinet watting fronts may exist for short periods of
time follovwing major precipitation events. Surface
geophysical techniques may be useful in monitoring this
front in three dimensions (borehole measursnents are limited
to one-dimensicnal peint measurezents). It may be possible
to deternine ths zone of evapotranspiration (Section 2.1.3)
by monitoring the wetting-front location and combining that
infornation vith surface-evapotranspiration measurements.

3.1.3,3.2.3.1 Prototype studiss

Two methods vhich have the potentisl for finding the
lateral and vertical extent of a wetting front
(naturally or artificially induced) are the resistivitcy
and the electrozagnetic methods (Telford and others,
1976). Both of these methods respond to variations in
the resistivity of earth materisls, wvhich vary with tice
due to changes Iin soll moisture content. There iz a
possibility of autonating the system, which would
fmprove the likelihood of examining precipitation events
of the magnitude necessary to penetrate great depth,
since thsy are infrequent and could easily be missed
using sanual systens. The tinme required for a manual
survey, although unknown at this time, may be
prehibitivaly long.

3.1.3.3.2.3.2 S{tes characterization
If efther, or both, of thess nethods are found to be
useful for deternining the location of wetting fronts,

they vill be used during site-characterization studies
after technical procedures are written. The presence or
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abgence of restrictive layers will also be determined
from this technique if good resolution is obcained.

3.1.3.3.2.4 Fracture gecmetry and hydraulic properties

Fractures omay be inportant pathways for water flow
through the tuffs (including surficial units) at Yucca
Mountain (Montazer and Wilson, 1984). Unfortunately,
geophysical mathods, vhich are useful in characterizing the
physical and hydrolegic properties of the rock matrix, are
not generally useful for characterizing rock-fracture
properties. Therefore, there is & need to develop and test
methods to characterize ths geometry cf fracture systems.
In additien, it would be advantagecus L{f these saze methods
could be used to characterfze the hydraulic properties of
the fracture systea. Recent advances in high-resclution
geotomography (Dailey and Ramirez, 1984), when coupled with
infiltracion experiments, can be used to provide information
on the hydraulic and transport properties of tracture
systens and possibly on fracture geometry {ncluding
variation of fracture apertures.

Geotomography has the potantial of producing a cross-
sectional image of the subsurface distribution of the
electrical conductivity and the dielectric constant between
bereholes (Ramirez and Dailey, 1984). Electrical
conductivity is related to vater salinity and rock
mineralegy, and the dielectric constant is related to water
content. Thersefore, 1f a saline tracer (such asz lichfunm
brouide) is added te water {nfiltrating i{nto rock, it is
theoratically possible to monitor both the changes in water
content and the movemant of the saline tracer. The {maging
procedure involves transmitting a high-frequency
electronagnetic signal betveen two or more boreholes. The
position of the transaitter and receiver are varled wvithin
the boreholes to yleld an effective, two-dinensicnal {mage
of the distribution of the dielectric constant and
electrical conductivity values. Inages are reconstructed
froo measureaents of amplituds and phase change at the
recaiver conpared to differences at the transmitter.

It is still an open question how to relate the preferred
flow paths of a saline tracer as deternined by geotomography
to fracture gecnstry. Tracer flowv paths in saturated
fractures have been showvn to be related to variability of
fracture apertures (Tsang and Tsang, 1989). The sensitivity
of flow paths to fracture spertures in an unsaturated system
wvill be even more significant. Supposing this effect on
fracture densfity and orientation would make this a highly
_ non-unique fnverse problem {n characterization of fracture
geozetry. HNevertheless the asssurements proposed will give
gsignificant {nformatfon on ths overall hydraulic and
transport properties of the fracture system at the site.
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Prototyps tasts vill be conducted fn conjunction with
prototype ponding Casts to evaluate the potential of using ;::)
geotomography to characterize the propartias of the near-
surface fractured rock. If these prelininary tests are
successful, they will be used for site characterization.

3.1.3.3.2.4.1 Prototype studies

Frototype geotomography-ponding tests will be done in
conjunction with prototype ponding tests (Section 3.3).
Ponding tests {nvolvs applying a constant water
pressure to the soil surface and then measuring
infilcration rate, vater content and wvater potentfal in
the profile vith time., Redistribucion and drainage will
be nonitored after ths vater {nput is discontinued. For
the purposs of prototyping geotomography, at least 3
borehcles will be drilled to a depth of 9 meters in the
{nfiltration plet. Fracture density and orientation
from core sanples froa these holes will be
characterized. Mapping of attenuation will be done
before, during, and after {nfilcration experimsnts, and
the results compared to fracture charscterization
deternined through core analysis and infilcration plot
excavation,

3.1.3.3.2.4.2 E&ite charagtc:ttttlon

1f prototyps tests indicate that geotomography can be _;)
used successfully to characterize the fractura geoastry

and hydrologic propercties of fracture systems beneath
artificial-infilcration plots, technical procedures will

be vwritten to apply these mathods {n site

characterization.

3.1.3.3.2.5 Other possible geophysical applications

As prototype investigations procesd, other possible
geophysical applications may becoas evident. It may, for
instance, be possible to identify scme fracture zones with
CPR. If additicnal applications are identified, they will
be avaluated and used as necessary.

3.1.3.4 Remote sensing

Rezote sensing of reflected and enitted electromagnetic
radiacion offers & rapid method to characterize surficial materials.
If the physical characteristics of tha surface show a correlaticn
with hydrologic characteristics and responses, then remote sensing
can be used to obtain thess paransters over wids areas (Kolm, 1983%).
Remote-sensing techniquss developed within this sctivity will be
used in conjunction with Scudies 8.3.1,5.2,1 (Cheracterization of
the Quaternary regional hydrology), 8.3.1.17.4.7 (Subsurface
geocnetry and concealed extensfons of Quaternary faulcts at Yucca )
Mountain), and 6.3.1.2.1.3 (Characterization of the regional ground-
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water flov system). Data collection from these studies will provide
support for estimating values of potential {nflleration (this
activity), potential discharge (Activity 8.3.1.5.2.1.3), and for use
in regional fracture-zone hydrology (Activity 6.3.1.17.4.7.7).

These data will also be used to support regional saturated-zone and
palechydrologlc modeling (indirectly through Study 8.3.1.2.1.3).

Vhen an electromagnetic wave interacts with matter, five
phenomenon occur; reflection, transaission, abscrption, scattering
and enission. The degrees to which the electromagnetic energy is
splic among these components is a functicn of the frequency of the
wave and the molecular and atonic structure of the object upon which
the wave is incident or emitted. Because of the unique physical
nmakeup of many cbjects, the interaction of natter and energy often
results in a unique spectral response for the object or class of
objects. For example, the sharp variation of chlorophyll
reflectivity near the vavelength of 0.75 un is extensively used in
vegetation mapping. In the band between 0.84 and 0.92 ux,
electromagnetic energy is strongly absorbed, which {s associated
with Fe", and is an {ndication of the presence of iron oxides and
hydrous fron oxides.

Rencte-sensing methods applied te Yucca Mountsin will be used
primarily to help define infiltracion-runoff asp units and the
changes that gay occur within these units as a result of
precipication or cther meteorclogical changes. Infileration-runoff
map units that have been identified by sazpling., testing and mapping
activicies will be compared with units defined by common spectral
characteristics as outlined in Section 3.1.3.1. Spectral
characteristics vhich correlate well wich {nfiltration-runoff map
units in the representative canyon-ridge system will be used to help
define the boundaries of these units over all of Yucca Mountain.

In addition, thermal remota-sensing data will be collected
before and after precipitation events and at different times of day
vhen possible. These data will be analyzed to describe changes
vhich occur in hydrologic conditions of the surficial caterials as a
function of precipitation and other netecrological paraneters such
as tepperature, relative huaidity, wind speed and solar radiation.
These meteorological data will be collacted at veather stations
speced over Yucca Hountain and located on representative surficial
naterials. Plans for the collection of meteorclogical data are
described in Study 8.3.1.2.1.1 (Characterization of the meteorclogy
for regional hydrology) and in Section 3.2.3.4.2.3.4.

3.1.3.4.1 Prototype studies

Prototype tests will be done on a representative canyon-
ridge systen of Yucca Mountain to deternine the feasibility of
calibrating rencte-sensing inagery data with hydrologic
properties and conditions of soils and surficial rocks
(infiltration-runcff map units). Calibracion methods will also
be evaluated. The available remote-sansing data that will be
analyzed will include Landsat Thematic Mapper (TM) imagery with
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three fnfrared (IR) bLands, ons thermil band, and three visible
bands; Landsat Mulci-Spectral Scanner (MSS) fmagery with two IR
bands #nd two visible bands; Skylad photography, including
color, color IR, and black and vhite photos; Side Locking
Alrborne Radar (SLAR) inmagery; and low Altitude Thermal Scanner
(LATS) {magery. Climatic data {nclude cloud type, amount, and
height; horizontal visibility: wind direction and speed; dev-
point, wat-bulb and dry-bulb temperature; relative huaidity. and
atmospheric pressures as & function of altitude.

Landsat TH and MSS data vill be analyzed by a number of
established copputer classification methods to develop units
wvith common spectral characteristics. Thess computer
clasgification methods {nclude principal component analysis,
unsupervised/supsrvised techniques, false-coler infrared
supervised stretch techniques, and band 7 to band 5§ ratic cut-
off stretch procedures. These msthods are described by Kolz and
Case (1984), Sadins (1978), and Abrams and others (1984).
Permutations and cozbinaticns ¢f the above methods will also be
used to analyze TM data vhich contain seven bands and have
better resolution. These various classification methods will be
evaluated for both TM and MSS data by comparing and correlating
conputer class{fication results with infiltration-runcff map
units measured for the representstive canyon-ridge systen.

Aerisl photographs fncluding Skyladb, high-altitude
photography (RAP), and low-sltitude photography (LAP) data will
be analyzed manually by established procedures (Sabins, 1978) to
deternine its usefulness in defining infiltration-runoff map
units as degcribed previously for TM and MSS data snslysis.

LATS and SLAR data will be analyzed by digital-enhancement
methods to specifically characterize the tezmporal changes in the
disctribution of surficial-material vater contents. If possible,
1ATS and S1AR flights will be flown before and after
precipitation events to study the effect of different types of
precipitation events and the seasonal variation in other
psteorological paranmsters on ths distribution and changes in
vater content. Field measurenents of vater content before and
after precipitation events will be ussd to evaluate the
usefulness of ths remote-sensing method to monitor water-content
changes. If either of these mathods prove useful, the vater
data gensrated should be helpful in extrapolating in situ point
measurensnts of infiltration, runoff, and evapotranspiraticn
over larger areas of Yucca Mountain.

3.1.3.4.2 S1{te characterization

I1f the sgpectral characteristics of TM, MSS, Skylab, HAP and
LAP remote-sensing imagery correlate well (which may depend on
their spatial resolution) with messured infiltration-runoff
units and/or hydrologic conditions in the prototype study area,
technical procedures will be vritten to use remota-sensing
methods in site characterizacion. Remote-sensing methods will
be incorporated with the mapping methods described in Section
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3.1.3.1 and infiltrozetry msthods described in Section 3.3.3.1.1
to map all of Yucca Mountain. Acceptable lavels of correlation
will be deternmined after prototype tests are completed.

1£f 1ATS and/or SLAR methods prove successful in monitoring
wvater-content changes in the surficial materials of the
prototype test area, the methods will also be used to monitor
vater-content changes over all of Yucca Mountain after specific
precipitation avents.

3.1.3.5 Ceostatistical anslysis of the spatial variabilitcy of
surficial materisls

In trying to characterize hydrologic-surficial units at Yucca
Mountain, it {s impossible to adequately gzample and test the entire
region to cbtain a deterministic evaluation of surficial physical
and hydrologic parametersy. In addition, it {s not possible to
estimate, a priori{, the nuzber and locaticn of tests. Therefore,
geostatistical methods will be used to estimate parameters from
"available” data. Autocorrelation functions, semivariograms, and
cross-semivariograms will be used to develop appropriate models for
spatial structure for each hydrologic parameter. Kriging, and co-
kriging (Journel and Hufjbregts, 1978) will be used to estimate
hydrolegic properties between measuring peints and to provide &
measure of the uncertainty of the estimates. Estimates obtained
from geostatistical cechniques will be combined with all available
laboratory and field data to delineate hydrologic-surficial units ac
Yucca Mountain and to obtain input needsd for larger unsaturated.
zone podels.

3.1.3.6 Kethods sumnmary

The paramsters to be determined by ths tests described above are
sunnarized in Table 3.1-2, Also listed are the selected and
alternate methods for determining the parameaters and the current
estimate of the parameter-value range. The alternate methods will
be used L1f the primary (selected) method is impractical to measure
the parameter(s) of interest. In soms cases, only the most common
methods are included {n the table. The selected methods in Table
3.1-2 vere chosen primarily on the basis of accuracy, precision,
duration of methods, expected range, and lack of interference with
other tests and analyses.

The USGS investigators have selected mathods vhich they believe
are suitable to provide accurate data within the expected range of
the site parameter. Models and analytical techniques have been or
vill be developed to be consistent with tast results. In addfition,
it is not possible toc estimate, a priorl, the numbers and locations
of tests.

3.1.4 Technical procedurss
The USGS quality-assurance program plan for the YMP (USCS, 1986)

requires documentation of technical procedures for all technical
activities that require quality assurance.
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Table J.1-.3 provides a tabulation of technical procedures spplicable
to this activicy., Approved procedures are ident{fied wich a USGCS
procedure nutber and an effective date. Procedures that are not
{dentified with an effective date will be completed and available 30
davs (for standard procedures) or 60 days (for non-standard procedures)
before the associated testing is started; these procedures are zlso
identified with a "TBD" (To Be Determined) technical procedure number.
Some of the listed technical procedures are primarily outside the
objectives of the subject activity, but are included for general
{information and ease of cross referencing. Approved technical
procedures not listed may be used during the activity, should that be
appropriate, and listed procedures may be revised or replaced with other
procedures, as needed.

Applicable quality.assurance procedures ars presented in Appendix
7.1.

Equipment requirements and instrument calibration are described in
the technical procedures. Lists of equipment and stepwise procedures
for the use and calibration of equipment, limits, accuracy, handling,
and calibration needs, quantitative or qualitative acceptance criteria
of results, description of data documentation, identificatiern, treatment

and control of samples, and records requirements are included in these
decuments.
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3.2 Evaluation of natural infiltracion
3.2.1 Objectives

The objective of this activity is to characterize present-day
infiltration processes and quantify net-infiltration rates in the
surficial materials of Yucca Mountain.

3.2.2 Rationale for activity selection

This activity is designed to characterize natural-infiltration
rates, water content, water potential, and evapotranspiration of the
surficial materials of Yucca Mountain under present-day climatic
conditions. This information is required tc model water flow through
the thick-unsaturated zone beneath Yucca Mountain.

3.2.3 Ceneral approach and summsry of tests and analyses

The characterization of present-day infilceration processes and
quantifications of net-infilctration rates {n surficial materials st
Yucca Mountain will be accomplished by five major tests and analyses:

1. Neutron-access borehole studies will be used to monitor natural
infiltration by periodically measuring water contents at 100
locations te depths up to 30 m (58 ft).

2. Arcificial-infiltration control plot studies will monitor
natural infiltration beneath rainfall-simulation plots located
in each of the geohydrclegic-surficial unitcs.

3. Tritium-profiling studies on core obtained from neutron-access
boreholes will help determine flow pathways and net
infileraticn. Net infiltration, as determined from these
studies, will be a collection of spatial point values, averaged
in time over the last 30 teo 40 years.

4, Water-budget studies will provide calculated net infiltration by
enalyzing precipitation, runoff, evapotranspiration and storage
measurensnts.

S. GCeostatistical analysis of natural-infileration data will be
used to determine spatisl distributicn and locate new sampling
-sitces.

Each of these will be discussed in turn.

Figure 3.2-1 sumparizes the organization of the natural.
infiltracion activity, A descriptive heading for each test appears
in the boxes of the second row., Below each test {s the individual
method that will be utilfzed. Figure 3.2-2 sunoarizes the
objectives of the activity, design- and performance-parameter
categories which are addressed by the activity, and the site
parameters measured. These appear in the boxes in the top left
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side, top right side, and below the test boxes, respectively, {n
Figure 3.2.2.

The two figures summarize the overall structure of the planned
activity in terms of methods to be exployed and measuresents to be
made. The descriptions of the following sections are organized on
the basis of these charts. Methodology and paraneter information
are tabulated as & means of sumnarizing the pertinent relaticns
agong (1) the site paransters to be destermined, (2) the i{nformation
needs of the performance and design fssuss, (3) the technical
objectives of the activity, and (&) the methods te be used.

The tests utilized in the natural-infiltration activity will
provide information that {c representative of the repository area.
The spatial variabilities of existing conditions within the
repository area, and the correlations to presant and potential
future repository conditions are represented by this accivity.

3.2.3.1 Neutron-sccess tereholes

Neutron-sccess borehole studies will be used to monitor natural
infiltration in 74 currently located neutron-access holes and, as
planned, an additional 24 holes wvhich will be located to better
represent topographic surfaces in all geohydrelogic-surficfal units.
It is not known at this time {f the additicnal 24 holes will be
adequate. Further analysis will be required to determine if more.
holes are needed to adequately characterize natural {nfiltration.
This will be accomplished by installing additional neutron-access
boreholes and further developing a detailed monitoring progras using
neutron-moisture meters.

3.2.3.1.1 Monitering criteria and hypothaszes

Net infiltration is defined as the amount of water that has
{nfi{ltrated deep enough so that it doss not return to the
atzmosphere by evapotranspiration or by socme other flow
mechanisn. This wvater may or may not reach the saturated zone
as recharge. In this study, it {s arbitrarily assumed that
vater which infiltrates nine oeters (30 fest) belov the land
surface 1s net infiltration. Unfortunately, there are no widely
applicable rules which state st vhat dapth percclation bacomes
net infilcration. Furthermore, there is a scarcity of data
concerning net infiltration in any type of geochydrolegic unit in
desert climates. The depth at vhich infiltration becomes net
infiltration depends upon the surficial materials, including
bedrock properties, vegetation cover and climate. This inic{al
assumption, or hypothesis, will be revised as net-infiltration
data are collected. Therefecre, the neutron-access boreholes are
{ntended to be drilled deaep eanough to monitor net i{nfiltration.

As discussed earlier (Section 2.1.3), the zone of
evapotranspiration {s of critical importance in characterizing
net infiltracion. The neutron-monitoring program will be used
as nmuch as possible to help define the lower limit of that zone.
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The boundary betwveen the zone of evapotranspiration and
percolation is & theoretical zerc flux plane. This boundary can
be located using a method, developed by Richards and others
(1956), wvhich particions water loss from a soil layer into
evapotranspiration and percolation losses (Drei{ss and Anderson,
1985). In situations vhere wvater flow i{s vertical, the zerc
flux plane 1s horizontal, and is defined by a reversal in the
direction of unsaturated hydraulic gradlent. Above the zero
flux plane, the hydrclogic gradient is directed vercically
upward, and all decreases in water content are assumed to result
from evapotranspiration., Belov the zerc flux plane, the
hydrologic gradient is vertically dowvnward, and all decreases in
vater content are assuned to reflect net i{nfiltration. Under
these conditions, the amocunt of vater contributing to net
infiltraticn {s recordsd as a decreass in water content below
the zero flux plane.

The location of the zerc flux plans {s expected to be
spatially and temporally variable. There are several methods
available to quantify the location: (1) mass balance betveen
vater content and peasured evapotranspirat{on on the same tirme
scale, (2} water-content profiles converted to water potential
by analytical technigques, and (3) surface geophysical
techniques, as described in Section 3.1.3.3.

3.2.3.1.2 Technical criteris and prototype studies

Nuclear logging, especially neutron-moisture logging, is
very sensitive to borehols conditions (Keys and MacCary, 1972).
Therefore, in order to maxinize the potential for successfully
using nuclear logging to menitor infiltration on Yucca Mountain,
the USGS has developed strict criteria for selecting the
drilling, coring and casing mathods for neutron-sccess
boreholes. Criteria for the selection are:

1. The method should ginimize the disturbance of the formation
by drilling fluids.

2. The method should be capable of drilling in a variety of
geclogic and topographic settings.

3. The method should pernit the insertion of the casing into
unconsolidated paterials and bsdrock, and it should minimize
the void space betveen the casing and the formation.

4. The mathod should be able to provide lithologic-core samples
wvith hydrologic properties that are representative of the
formation. These saxzples are nesded to conduct field
calibrations for ths nuclear-logging toocls.

A discussion of testing of varfous drilling, coring, and
casing methods follows in Section 3.2.3.1.2.1. A further
discussion of infiltration monitoring in existing boreholes is
given in Sectien 3.2.3.1.2.2.
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3.2.3.1.2.1 Drilling, coring and casing tescs

Tests have been conducted to determine the best mechod
for installing neutren-access borsholes. These tests
exanined the following mathods: (1) hollow-stem auger, (2)
th.lOsz systen, (3) drive-coring, and (4) rotary sir
coring.

The hollew-sten auger method proved to be unsuccessful
in unconsolidated materials, After the auger reached the
intended depth, a 150-pm (6-in) 0.D. dianeter casing was to
be placed inside the hollov stem. Then the auger’s rotation
would be reversed, causing the formation to cava in on the
casing. Unfortunately, the bouldery nature of the Yucca
Mountain deposgits prevented the hollow-sten auger from
penetrating more than 2 n (7 ft) {nto the surficial
materials.

The ODEX 115 drilling and casing system (Hammermeister
and others, 1985) was originally designed in Sweden to drill
through glacial till toc bedrock. This mathod uses a
dowvnhole-pearcussion hammer to drill and ream as it advances
the casing. A pilet bit, in conjunction with an accentric
reamer, drills a hole slightly larger than the outside
diameter of the casing. The percussion hammer impacts on
the casing through a shoe vhich i{s attached tc the bottom
Joint of the casing. Thus, the casing is advanced dowvnward
as the hole is despened. Drill cuttings are returned to the
surface through the inside of the casing, thereby minimizing
the disturbance of the borehele walls with drilling fluids.
Wich air as the drilling fluid, this method demonstrated
that 1t could pest all of the criteris required for drilling
neutron-access boreholes. Formation water content vas
pinimally disturbed and soze of the drill cuttings filled
the sxall annular spaces between the casing and formation,
mininizing the void space.

- To obtain core samples from unconsolidated deposits, a
drive-core method was tested. This was accomplished by
attaching the drive-core barrel to the ODEX hammer. The
poverful hanner successfully drova the drive-core sampler
into the surficial matarials.

Prototype rotary air-coring tests proved successful in
obtaining ainimally disturbed geclogic core froa nonwelded
to walded tuffs. The USGS had previous success using rotary
air-coring techniquss on nonvelded tuff in New Mexice
(Teasdale and Penberton, 1984). A diamond surface-set bit
vas used in densely welded tuff and a carbide stagger-tooth
bit was used in nonwslded tuff. A test on boulders
indicated that rotary air-coring did not measurably discurd
the water content of the core from In situ conditions.

These drilling and coring mathods and the effect they have
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on the water content of cuttings and core from Yucca
Mountain are described by Hammermeister and others (1985).

3.2,3.1.2.2 Llogging tests

A reviev of the nuclear-logging literature {ndicaced
that {t would ba difficult to use neutron-moisture logging
successfully in the 130-mpa (5-in) inside diameter casing
used vith the ODEX 115 Drilling System, Neutron-moisture
logging 1is commonly used in 50-mm (2-in) inside diamecer
casing which {s slightly larger than the logging tool
diameter (Wilson, 1982). Neutron-porosity logging tools,
vhich are less sensitive to borehcle conditions, would
probably perform better in the relatively large-diameter
ODEX casing (Keys and MacCary, 1972).

A preliminary calibration of the neutron-meisture meter
has been established using core and cuttings from various
boreholes. Two calibration equations were evaluated, one
linear and one quadratic, using least-squares analysis
(Figure 3.2-3). Although the R' values are similar (R'-0.£3
and 0.66 respectively), the quadratic eguation appears to be
a nuch better representaticn of the data. At low counts,
the linear equation ylelds negative water contents, which
eventually led toc the development of the quadratic equation.
To provide data in the whole range of expected water
contents, it wvas necessary to estimate densities for about
30X of the samples. It was alsc necessary to use moisture-
meter data coellected as much as ) months after the core and
cutting samples wers collected. This occurred, however,
only in the welded units which, since then, have showed no
appreciable water content changes.

Neutron-moisture meters are very relisble, easy to use,
and relatively safe, compared to neutron-porosity tools,
because they use a smaller radicactive source. These meters
have been used in the neutron-access borsholes to monitor
natural i{nfiltration since July, 1984,

3.2.3,1.3 Sicte charactarization

Drilling of the neutron-access boreholes began in Juns 1984.
By February, 1986, 74 holes had been drilled. Twenty-four more
holes will be drilled at a later date. Monitoring natural
infilcration in these holes by neutren-moisture logging began in
July, 1984, The following sections dsscribe borehole locations
and depths, the logging of these holes, and thes procedures used
to analyze the resulting data. Other neutron holes may be made
available for this study (Fortynile Wash recharge activity,
8.3.1.2.1.3.3).
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3.2.3.1.3.1 location and depth of boreholas

The geohydrologic-surficial units are the basiz for
locating nmost of the neucron-sccess borsholes. The
locations of boreholes (existing and proposed) are showvn in
Figures 3.2-4a and -4b, For each borehole (existing and
proposed), the location, elevation, hole depth, depth cf the
tuff/alluviun contact, geohydrologice-surficial unic, and
topographic position are listed {n Table 3,2-1. It should
be nentioned that sone of the existing holes may yet be
despaned to monitor natural infiltracion at greater depths
and supplement tritiua profiling data. Alsc, the locaticns
of scms proposad holes may be changed as mors information
about natural i{nfilcration becomes available and topographic
locations are fsolated that require additional information.

For most boreholes located in unconsclidated deposits,
boreholes vare drilled through the entire thickness of the
deposit and at least 1 m (3 ft) into the underlying bedrock.
Two holes terminate {n the alluvium: UE.25 UZN #28
encountered a drilling problenm; and, UE-25 UZN ¢85 wvas
drilled to correlate borshole lithology with & nearby
elluvial fan facies. Boreholes that begin {n bedrock vars
generally drilled to 1S m (50 ft), which extend (7 m) beyond
and infcially assumed dapth of net {nfilcracien.

Sons borsholes were located perpendicular te the main
axis of a canyon. This {s to sxamins hov natural
infiltration i{s affected by ths thickness of the
unconsolidated deposits, the proxiaity of ths boreheles to
the canyon walls, and the proximity of the borehole to the
center of the most recently formed channels. Other
boreholes vare located parallel to ths main canyon axis to
study the effects of increased drainags area con
infilcracion. The borsholes {n upland-badreck gechydrolegic
units wvare located to cover the range of topography and soil
thickness vwithin esch unitc.

3.2.3.1.3.2 Borehols logging

Neutron-mofisturs logging has besan an on-going accivity
since July, 1984, A USGS Technical Procedure
(NWH.USGS-HP-62, RS, (sas Table 3.2-5, p. 3.2-50)) describes
the method for logging nsutron-access boreholes.

Neutron-access boreholes are logged with poertable
Caxpbell Pacific Nuclear nsutron-moisture maters.
Inftially, the holes were logged on a monthly scheduls from
July, 1984 to Decenber, 1988 and more frequently after
intenss precipitation events likely to cause msasurable
infiltracion. A reviev of the logging data showad that vary
szall changes occurred {n water content profiles vhen thare
vas ro precipitation. Therafore, it was decided to decreass

3.2-9 Septenbaer 18, 1950
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UE-2% w 749, 32¢ 3.08% 0 7.3 Attuvium Large-engnnet
uln &1 € $65,22% bottoa

ut-29  ux 743,608 3,07 30 6.0 tive Canvon Canyon wall
uilx 82 € %564,1% lower lithophysal

ut-2% « 768,630 3,049 A} 9.0 Altluvium Terrace

vin 83 € 966,19

vE-2%  w 788,683 3.%62 30 6.3 - terrace

vin 86 € 380,127

vE-25 u 788,089 3,043 1] 4.3 - terrgce
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Ut-2% n 748,708 $.038 14 0.8 - Lergecchanngl
yin 86 £ $64,137 bottoa

vE-2% w 748,708 3,03¢ 4 40.% . Largechannel
ule 87 € 986,41 Bottom

vE-29 w788, 74) 3,039 3 40.0 L Largecehennet
viv 88 € 346,347 bottom

veE-2% x 748,782 3.8 40 35.¢ - terrace

win 89 £ 988,138

L LF+ BN IR 71N V1] 4,038 9.7 0.0 Nonvelded and Decded Large-channel
vin 830 & S64,7eé tuffs

Yusw « 760.000 .20 1) 3.0 2 Topopah Saring Canyon wall
ul-a11 € 558,400

vE-25 « 768,651 3,907 s0 3.0 Altuviym Large-chennel
vl 812 € 346,698 bottoa

vE-2% x 748,028 3,82 &3 4.0 . Large-channet
yix #13 € S68,253 bottom

VE-2% x 747,947 3,8 5s 8.0 - Terrace

uln 6% € 368,233 .
tusw % 763,000 4,268 b4 -3 2 Topopah $pring Canyon watl
ul-x1S £ 354,400

‘uE-25 765,700 3,900 30 0-10 ¢ ive Canvon Canyen wstl
uln 88 € 363,400 clinkgtone
‘usw  x 739,400 4,200 s0 3¢ 2 Nonvalded and becded Conyon wall
uZ-n1? € 5%6.000 tuffs

VE-2S N 786,672 6,09 61 $6.0 Atluviue Large channel
ulx #18 € 563,247 bottom
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VE-2S  w Ta3,68% 4,029 40 22.% Alluviun Large-ehannal
ulx 819 € 564,571 pottea

vE-25 n 743,780 4,027 &1 319.0 Alluvium fraiceg channgt
ulx 820 € 564,879 sres

VE-2S o 743,808 4,028 2 27.% Alluviya Brarcec channel
Ul £21 € 566,561 : sres

vE-2% w 143,880 +,029 L} ] '9.6 Aluvien Gr8:¢e8 channel
oIN 822 € $66,608 sres

vE-25 u 743,67 6,04 11 0.0 tiva Carven anyon et

uln 823 € $64,548 lowar 11thophysst

usv ¥ 78,003 ¢ 227 1£] .3 tiva Canven Channei bottom
uZ-w2é € 962,084 hacrieyscotumngr

usw x 748,430 6,338 41 6.0 tive Canvon Channel bottea
ul-#28 € S61,21¢9 hactiegve-columnar

VsV X 763,737 9 §.09 33 0.0 tiva Canvon Channgt tottoa
ul-x26 ¢ 561,023 lower Lithephysal 4 :
Yusw N 770,780 &,%00 41| 6-3 2 tive Canven Canyon wall
u2-x27 £ 562,500 heckiey-columnar

ut-2S n 763,09 3,058 ) ' tiluvive §raiceg channei
uln #28 € 365,320

vE-25 N 762,613 3,073 b } 1.0 tiva Canvyon Canyon watl

uUln 829 € 945,173 clintgteone arp siope
vE-29  x 762,048 3,050 35 1.2% tive Carnvon Canven waltl
ulx 830 € 96%,233 elinxgtone a1p slope

‘usv ¥ 757,800 4,400 s0 0 ? Tiva Canvon Upland channel
vi-x3l ¢ 539,900 clintgtone bottoa

‘Ut W TST,100 4,610 0 0.1 2 tive Canyon Uooer Pidge
vi-x32 ¢ 539,900 upper lLithophyssl aip stepe

luse N 752,000 4,850 50 e 2 tiva Canyon vsland

vz-x33 € 938,200 caprock-upoer cliff channel bottos
Yusv N 730,100 4,770 s0 0.1 2 Tive Canyon vptand

ui-u3e ¢t $58,100 vpper (ithophyasl channel bottom
Yusv N 749,800  ¢,730 50 0 Tive Conyon uplang

vi-n3s € 558,200 clinkstone channsl bottea
Yusy X 76%,500 4,360 50 g-1,5 2 tive Canvon Canyon valt
yl-n3é ¢ 857,873 upper Lithophysel
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logging frequency to a bimoncthly schedule, and {ncrease
frequency following major precipitation events,

Because hole conditions have an effect on
neutron-moisture meter readings, a density log will be run
in each hole. The density profile will provide information
about hole rugosity and changes in formation density. New
calibrations will be generated vhen new boreholes are
drilled on Yucca Mountain and addicional data becones
available,

3.2.3.1.3.3 Monitoring and analysis

A comparison of vater profiles (from adjacent boreholes
located adjacent and within the wash) measured before and
after intense precipitation svents can yield a qualitative
plcture of wvatar content change i{n the surficial materials
penetrated by the borehole. For example, water-content
profiles measured cver a nine-month period are {llustrated
for one borehole located in the center of a streaz channel
on alluvium and ancther located approximately 9 mw (30 fc)
avay on an alluvium terrace, (Figures 3.2-5 and 3.2-6).
Approximately 80 mx (3 in.) of rain fell on the area during
an intenss thunderstorn on August 19, 1984, Runoff
occurred, and the channel was partially filled vith water
for a short pericd of time (probably less than one hour).
The water level in the channel did not rise high enocugh to
reach the neutron-accass borshole located on the adjacent
terrace.

Note that, immediately after the rainfall, there vas a
large increase i{n water content at the upper part of the
borehole located {n the channel (UE-25 UZN ¢13). This
increased vater content near the land surface decreased over
time, and vater contents at greater depths increased slowly.
The decrease in water contents near the surface (5/14/85
profile) was due to a combination of upwaré movement
(evapotranspiration), and percolation of water (lateral
movenent may also be a cozponent). The increase {n wvater
contants at the greater depths over a periocd of nonths wvas
most likely a result of water moving downward.

It should be emphasized that the water contents shown in
these profiles nay not be true or sbsolute values. The
calibration curves (Figure 3.2-3) have besn generated for
paterials vith an average bulk density of approximately 1.65
g/ce’. Bscause the alluviun is a heterogenecus mixture of
particle sizes, ranging froa boulders to silt-size
paterfals, ft i{s possible that the neutron-moisture tools
zmay be sensing sclid boulders of densely walded tuff with
bulk densicties of greater than 2.25 g/ca’ at some depths,

As calibracion curves are known to depend on bulk densicy,
vater contents in boulder zones will not be absolute values.
Fortunately, the absolute values of water content are not of

- 3.2-18 September 18, 1990
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critical {mportance in the quanctitative analysis of
moisture-logging data. The difference between water-content
profiles, howasver, is of central importance. The areas
betwveen crasecuti{ve vater-content profiles for a glven depth
fnterval [s a quantitative measure of the volume cf water
that has flowed i{nto or out of that depth {ntervil via
nonsteady-state flov processes. Even the relative
differences can be in error {f the calibration equation that
vas used differs fron the "real® equation, particularly if a
density dependent quadratic equation i{s necessary.

An analysis vas perforned on water-content data
collected {n August, 1984 in the neutron-access holes that .
vere located across Pagany Wash, Figure 3.2-7a displays the
vater content immsdiately before the storm. The neutron
holes vere logged again 24 hours, 48 hours, and several
months after the end of the precipitation and runoff event.
Differences {n vater contents between the pest-storm and
pre-sctorm profiles are presented in Figure 3.2-7b. Water
content increased 0.02 ca'/em', 4.6 m (15 ft) incte the
alluvial channel vithin 24 hours (averaging 5.32 * 10’ m/s
vertical veloeity). There was a maxipum increase in water
content of 0.08 cn'/en’, 1.5 m (5 ft) from the surface. The
neutron holes were logged again 48 hours later and the
difference betveen that log and the pre-storm log is
presented in Figure 3.2-7c. The overall reduction {n water
contant {s most likely due to evapotranspiration and
subsurface vater flov downstrean. There should be an
equilibration of water floving out of the area dowvnstrean as
wvater flowing into the area from upstresaz. Further analysis
and podeling of this data is currently underwvay. Figure
3.2-7¢ shovws the difference in wvater content between the
maximun and oinimum ever recorded between 1984 and 19895. It
can be seen that the first post-storm logging was the
paxipum wvater ever recorded within the top 15 feet (compare
Figures 3.2-7b and 3.2.7d). There are indications that the
vater content changes at greater depth are most likely due
to percolation and upstrean water flov into the aresa. These
data repressnt an exception to most other nsutren data
collected over the last § years, HMost data shows little
change (<0.02 co'/cn’') at depths greater than 3 to & meters.
Changes of <0,01 cz'/en' are assuned to be dus to random
fluctuations in neutron counts obtained during logging.

3.2.3.2 Monitoring of natural {nfiltraticn in artificlal-
infiltration, control-plot studies

Nactural infi{ltratfon will also be monftored intensively in the
control plots associated with snall- and large-plot rainfall
sinulations (Sections 3.3.3.3 and 3.3.3.4). These contreol plots
wvill serve twvo main purposss. First, they will provide information
on the respense of the soil profile to thea natural inputs at a given
artificial-infilcracion site. This information will be used in
interprecing the arcificifal-infilcration data. Second, and most

3.2-:21 September 18, 1990
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{mportantly, they will serve as sites vhere the most fntensive
monitoring of natural infiltraction will be done. @

It {s expected that some of the most useful nacural-infiltracion
data vill come from the contrel plots since many more paramecers
beyond just water content are tc be measured. These additional
parameters include water potential, bulk density, porosity,
evapotranspiration, and atmospheric conditions, The values and
distriduticns of these paraneters will not only permit numerical
sipulations to be conducted, but will also allow analytical
techniques to be applied ovar discrete time periods to compute
natural {nfilcration. S{ite paraneters and data collection methods
l1{sted in Table 3.2-4 (p. 3.2-45) will be described in more detail
in Sections 3.3.3.3 and 3.3.3.4.

3.2.3.3 Tritfum-profiling studiaes

Large asounts of tritium were released into the atmosphere
during the pericd of large-scale thermonuclear atmospheric bomb
testing between 1952 and 1962. As a result of precipitation, some
of this tritium has entered the hydrologic cycle as tritiasted water.
The input of bomb.produced tricium to the unsaturated zone has
resulted {n tricium concentractions which are highear than natural
background levels and, hence, make tritium an excellent
environmental tracer (Freeze and Cherry, 1979). Natural background
concentrations are generally less than 10 Tritium Units (TU)(1 TU =
1 triciun atom in 10" atoms of hydrogen or 0.118 Bq Kg')(Phillips
and others, 1988). Although Yucca Mountain {s located on the NTS, )
there {s no evidence to suggest anozmalies in tritium fallout due to
nuclear veapons testing. Further analysis cof trictium or other
radioactive tracers (USGCS-SP £.3.1.2.2.7) will be done with the
location of Yucca Mountain on the western boundary of the NIS in
mind. '

Samples from several bereholes located on different
geohydrologic surficial materials were collected for initial
tricium-concentration profiling. Most of the boreholes from which
samples vere collected penetrate high-porosity (>0.25) vaterials
(alluviuz and/or nonwelded and bedded tuff) wvhere matrix flow is
expected to dominate. Furthermore, the velunstric-water content in
these rocks was large encugh to nake {t possible to extract
sufficient wvater for tritium analysis. Several boreholes vhich
penetrace lovw-porosity wvalded tuff, vhere fracture flow was expected
to dozinate, ware alsc selected to evaluste the range of
geohydrologic conditions in which tritiun profiling could be used
successfully. These tuff sazples with snall valuss of poresity also
wvere selected to daternine if ft is possible to sxtract enough water
to do tritiun analyses. Borehole, rock, and sanple information as
vell as preliminary results are sumasrized in Table 3.2-2.
Preliminary sample testing for tritiun wvas done at the USGS Stable
Isotope Laboratory in Reston, Virginia.

Water wvas extracted from core samples by a vacuun distillaction )
and condensation procedure. Tritium concentration in the water

3.2-24 September 18, 1990




st-2°¢

0661 'g1 22quaidas

Table 3.2-2. Suwwmary of preliminary, completed, and planned tritim anslyses (SCP 8.3.1.2.2.1.2)
(1e feet; ft/year; feet per year)
Ras, depth
Gechydrelogic Topn- Depth Musmber of seaples resched €at. averspe
unita graphic Depth te intervel ta be snalyged by bostd flow velocity
Borehole ramber panetrated position bedrock (1) snalyzed (ft) corefeutt ings tritum (f2) (ft/yenr)
UE-25 u-4 Allwha Charvwel 19.% 3.0 - %8 2 o 16.5 -0.%6
tottom
VE-25 uTe #3 . - £0.0 0.0 - 37.0 4 0 25.0 0.83
usw u2-7 - " 22.0 8.5 - .8 4 0 2.7 »0.73
usyY U2-n90 - L 15.0 2.0 - 325 6 0 9.9 0.32
wE-25 v N L] » 2.5 7.5 - 26.% 4 (] »26.5 »>.B8
VE-20 um MM - L] 69.0 10.0 - &9.0 1} ) 0
UE-25 UTe #92 - - s8.0 0.0 - 102.0 1 0
UE-25 un #8S » nigh - 3.3 - m2 1% 0
terrece
VE-25 ue #2% L Low 27.% 1.25 - 285 6 0
’ terrace
UE-25 um MO Narwelded Charrel 0.0 .3- 01,7 18 3
snd bedded bottom
usy u2-a2é Wachly-colum- - 0.0 13 - o " 1%
ner/nore | ded

Cmm— i mm— e o e

P21 68 45-508a-dRA

£y




9T-2°'¢

0461 'g1 a9quaades

Table 3.2-2. Summery of preliminary, completed, and plarved tritium snalyses (SCP 8.3.9,2.2.1.2)- Contirmed

(it feet; ft/year; feet per year)

Ran, depth
Cecvydrelegic topo- Depth mmber of samples resched Est. aversge
units praphic Depth to intervel to be snelyred by basbd flow velocity
Borehole mmber peratreted position bedroch (1) arelyzed (ft) core/cuttings tritium (f7) (1s/yenr)
UV U2-M0 Lower Charmel 0.0 8.0 n.s ] 4
Lithophyset bottem
UE-2S uIn 129 Clinkstone Lower ridge 10.0 0.3 28,8 6 4
dip slope
usy uz-a7d Upper Channel 0 7.8 3%.0 [ 4
tithophysst bottem
usw uz-n7s Caprock-upper Upper ridge o 5.0 35.6 3 4
elift dip slope
usye u2-8s Al prelimirery Ridge tep 0o a.0 481.4 8 3
hydregeoiogic
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sample vas then determined by standard scinti{llacion techniques.

The resulting tritiun concentrations from the five boreholes were
plotted as a function of depth in Figures 3.2-8a, b, ¢, @ and e.
Along with the tritium data, water content obtai{ned from neutron:
logging data is plotted, which 1s the difference between the maximun
and the sinipum volumetric-wvater content values ever observed at
each depth between 1984 and 1988. There {s a simple visual
correlation between the saximun change in water content and the
higher tritiun concentrations. Although there has been little
analysis on this recent data it has been included te show the
correlation. GCranted that the tritium samples vere collected while
drilling the boreholes and che neutron logs were collected after
drilling the boreholes, the correlation indicates that the process
occurring over the last four to five years {s similar to the process
occurring for the last 20-30 years. Since the shallow concentraticn
peaks appear at sbout the game depth &g the greater water-content
changes. A large quantity zmay be moved through the liquid phase
This does not negate the influence of vapor-phase transport which
will be considered throughout the study.

In three of the cases (Figures 3.2-8a, ¢, and d) there appears
to be a good correlation between the decrease in tritiuz and a
decrease in the difference betveen maximuz and sinimum water content
for a given depth.

The background tritfun (<10 TU) corresponds to a maximum
difference {n water content at approximately 0.03 cu'/cm'. It may
be that this apparent change in water content {s an artifact of the
nuclear logging and not a real change in water content. Further
1nves:151tton of thls tel;:ionshtp is necossary

There i{s no apparent expllnacion for the lov trl:ium vnlue at 2
m in Figure 3.2-8b, although the next three tritium data points seen
to be in agreement with the other data (Figure 3.2-8a, b, and ¢).
The increase i{n wvater content and tritfunm in Figure 3.2-8e &t the
alluvium-bedrock interface may indicate the presence of lateral flow
along the contact. There has been a higher volume of water between
7 and 8 & than between 6 and 7 m vhich indicates a non-vertical flow
path. Further analysis of this dats, supplemented by new data and
modsls of this systen is required,

Average vater-flov velocities were calculated from the depth to
which concentration peaks occurred and the time elapsed from the
midpoint in the period of above-ground testing (approximately 30
years). Preliminary velocity values summarized in Table 3.2-2
indicate that average flow velocities beneath alluvium.colluviun
£illed channels at Yucca Mountain range frea 0.1 o/yr (0.32 fe/yr,
3.17 *+ 10’ cz/s) to greater than 0.3 n/yr (0.88 ft/yr, 9.51 + 10’
cm/s), depending upen borehole location.

From Section 3.2.3.1.3.3, (Figure 3.2-7b), it is apparent that
water can move quickly under certain circumstances and that
calculating average velocities is likely to be inappropriate. It is
quite possible that the tritium detected at depth may have resulted
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Figure 3.2-8a. Diagram showing tritium concentration from borehole
UE=-25 UZ-4 and calculated mean of the maximum minus minimum
volumetric-water content from two nearby boreholes betwean 1684 and
1088. plotted as functions of depth. Magnitude of error bars are equal to
+/= the measurement errors submitted by the analytical laboratory.
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content from two nearby boreholes between 1084 and 1088, plotted as
tunctions of depth. Magnitude of error bars are equal t¢ +/=- the measurement
errors submitted by the analytical laboratory.
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ABSTRACT

This study plan describes the plans for three site-characterization activities
to be performed on and adjacent to Yucca Mountain, Nevada. These activities
«ill contribute to an understanding of hydrologic properties of surficial
materials (soi]l and exposed bedrock) and an evaluation of natural- and
artificial-infileracion processes in the near-surface unsaturated zone.
Results from chese activities will provide hydrologic-parameter input for the
resolution of design and performance {ssues. These activities include:

° Characterization of hydrologic properties of surficlal materials,

) Evalustion of natural {nfiltration, and

° Evaluation of artificial infiltration.
The rationale for the unsaturated-zone {nfiltration study is described in
Sections 1 (regulatery rationale) and 2 (technical raticnale). Section 3
describes the specific asctivity plans, including the tests and analyses to be
performed, the selected and alternate methods considered, and the technical

procedures to be used. Section & summarizes the applicacion of the study
results and Section 5 presents the schedules and associated milesctones.

September 18, 1990
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Figure 3.2-8d. Diagram showing tritium concentration and maximim minus
minimum volumetric-water content between 1684 and 1688, plotted as
functions of depth from borehole UE=-26 UZN #60. Magnitude of error bars
are equal to +/- the measuremaent errcrs submitied by the anglytical
laboratory. .
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plotted as functions of depth from borehole UE=-28 UZN e1. Magnitude
of error bars are equal 10 +/- the measurement errors submitted by the
analytical laboratory
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from one or two specific precipitation events prior to neutron
logging since the core were taken before any neutron logging vas
completed. Other tritium data from UE-25 UZ-4 indicates several
additicnal peaks of tritium at greater depths (Study £.3.1.2.2.8).
Since there alsc {s an {ndication of older water overlying codern
vater (tritiated), there is lateral flow reaching the deeper
unsaturated zone that {s not going through the deeper part of the
wash at UE-25 UZ-4. The possibility of lateral transfer of water
between units will be {nvestigated in this and other studies.

A numerical model that uses the Nevton-Raphson method of
solution of the convection-dispersion solute transport equations
(Cazpbell, 1985) will be used to simulate the tritium-concentration
profiles. From this analysis, hydraulic-conductivity values will be
estimated and compared to the hydraulic-conductivity values of the
patrix and the alluvium cbtained from other studies. This may
provide addizional information as to the relative importance of
matrix versus fracture flow. Concentration peaks occurring at
deeper depths may be attributed to fracture flowv.

The partially-completed tritium analyses indicate that bomd-
tritius profiles can be successfully constructed for alluviunm-
colluvium-filled channels at Yucca Mountain. Addit{onal samples of
cuttings and core from the preliminary selections are currently
being tested for tritium (Table 3.2-2). When these analyses are
coopleted, the analytical results will be used to determine which
add{tional boreholes ghould be tested for tritium concentrations.

It {s apparent that further trit{um analysis will be required {n the
charscteri{zation of {nfiltration processes. Samples will be
collected from all additional neutron holes for analysis. At tha:
time the historical tritiun data and the moszt recent datas will be
conbined and analyzed and correlated with tritium analysis collectec
under SP 8.3.1.2.2.7 (Characterization of the unsaturated-zone
hydrochemistry). This information may be essential in better
defining the conceptual model of infiltration as described in
Section 2.1.3.

3.2.3.4 Vatear-budget studies

Water-budget studies will be used to estimate net {nfiltration
using the nasg-balance spproach. This approach will give
qualicative and quantitative descriptions of the nesr-surface
hydrolegic system at Yucca Mountain. Data collection procedures
described in this section will be carried out in conjunction with
Study 8.3.1.2.1.1 (Characterization of the meteorclogy for regfonal
hydrolegy). A pore detailed listing of the Cests and methods for
site parameters mentioned here iz provided in that study.

3.2.3.4.1 Approach &nd hypothetges
The simplest form of the water-balance equation {s:

I«{P-R-ET]+4S
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vhere 1 = net infiltration, F = precipitation, R = surface
tunoff, ET = evapotranspiration, and & S = change in water
content in storage (both surface and subsurface).

The wvater-balance calculations can be performed using point
measurements of the vater-balance components. The water-balance
equation components can also be estimated over some tvo-
dimensional donain, such as the area over the repository, using
an interpolation scheme such as kriging. The wvater balance then
needs to be extended or integrated teamporally. The equation can
be solved at different times of the year for different periods
(i.e., vhen R and P equal 0) to bettar evaluate the seasconal
distribution of net infiltration. This type of analysis will
help deternine {f net inflltration iz a seasonal event (i.e.,
long-duration cold fronts and winter snow melt), or {f {t
follows more catastrophic events (i.e., major precipitation and
runcff events, such as thunderstorms).

It should be noted that the errors in measured values of
each component may be larger than net i{nfiltration for a periocd
of time. However, the wvater-balance approach is a good
technique for sensitivity analyses and conditicnal simulation
for long-term modeling exercisas,

3.2.3.4.2 MNeassurements, modals and prototype davelopment

In analyzing water balance, an integrated approach is
needed. This approach requires detailed, long-term measurements
a&s wvell as statistical and deternministic models. The following
section discusses the fntegration of the measurements, wmodels,
and prototype development required to achei{ve the water-balance
analysis.

3.2.3.4.2.1 Precipitation

The areal or spatial distribution of natural
precipitation will be determined by a careful analysis of
precipitation data, collected by a network of tipping-bucket
precipitation gages located throughout the designated
catchaent areas (ses Study 8.3.1.2.1.1). The precipitation
record will be analyzed to identify individual "storm"
events. Total precipitation, maximum precipitation rates,
and stomm duration will be compiled, mapped, and analyzed
using a Cecgraphic Information Syscem (GIS).

A representative dataset of an average storm event, or a
specific i{ndividual storm event, v{thin a specific time
pericd (i.e., sesason, month, or 24-hour period), will be
analyzed using geostatistical and classical-statistical
techniques. The spatial variability of total precipitation,
precipitation rates, and precipitation duration will be
defined and modeled for a "representative” stora event

3.2.9 ‘ September 18, 1990
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vithin & designated tina paricd. Ceonditional sigmulations
and the geostatistical models will be uzed to develop
tvo-dimensional simulations of measured precipitation
events, which can then be used in wvater-balance models.

The analysis of the precipitation record (including
historical records) will algo involve the use of
geostatistics, classical statistics, and time-series
analysis, to define the temporal and spatial discribucion
and variability of individual storm events. The probabilicy
of specified precipitation intensities at points of
ceasuresent, vichin a given tims interval and for a given
sequence of precipitation events, will be determined. -
Temporal varisbility, and the range of temporal correlation,
for different types of events (frontal precipitation,
convective precipitation, or a combinstion), will be modeled
stochastically (e.g.. by time-series analysis), and
integrated intec the two-dimensional models of spatial
varisbilicy. Orographic influences will be mecdeled using
nultivariate geostatistics and the correlation between
precipictation and elevaticn, while other influences, such as
sterm track and velocity, can be nodaled using determninistic
components.

Preliminary anslysis of historical precipication data
(French, 1985) has provided a quantitative estimate of
precipitation on and around Yucca Hountain (Figure 3.2-9).
Ceostatistical analysis of elevation and average annual
precipitation used to cokrig precipitation (Hevesi and
others, 198%a,b) for the Amargosa Watershed (Figure 3.2-9),
in vhich Yucca Mountain is centrally located. Yucca
Mountain receives spproximately 150 mm of precipitaction at
the south end and over 200 'mn in the north. The increase to
the north is topographically induced (Hevesi{ and others,
1989a.b). An advantage of using geostatistical analyses is
that the uncertainty of the interpolated paranmeter is also
estinated.

Figure 3.2-10 represents the cokriged variances for the
contours in Figure 3.2-9., The lovest variances are the
soall circles and are located at measurement points. The
variance at Yucca Mountain (approximately 700 mn') means
that an estizmate of precipication (175 mz/yr) has a 952
confidence interval of approximately 50 mm/yr. The high
uncertainty in thisz valus has led to the davelopment of an
intense netwvork of precipitation stations which are
discussed in Study 8.3.1.2.1.1. The highest variances are
te the south, west and north, wvhich indicates areas that
require precipitation stations. To describe precipitation
with any degree of accuracy for the Amargosa watershed,
pracipitation stations nust be installed in those areas.
The same technique of variance analysis will be used in the
spaller scale of Yucca Mountain.
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Figure 3.2=-10. Map showing coknged umncu'(mm’) sstimated average annua!
precipitation for the Amargosa watershed. Yucca Mountain is the centrally lccated
outling. The fow variance points represent locations of precipition stetions.
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3.2.3.4.2,2 Surfece runoff end change in storsge ")
Runoff can be mesasured directly in streaa channels

(drainages) at several locations within the catchment area,

the total catchaent area being defined by the nesasurement

taken at the lowest elevation. Runoff measurements are

subject to much larger errors than precipitation

measurenents becauss of the linications of stream gaging

zmethods and the constant changes {n the vater fraction of

runoff during a flow avent (Study 8.3.1.2.1.2,

Characterization of runoff and streanflov).

It might be noted that the runoff component i{s also
needed to deterzine channel-transnission losses and predict
erosion rates. To measure runcff, surface-vater gaging
stations will be established and instrumented to measure
discharge and sedipent load in channels draining
geohydrologic-surficial units of {ntersst. Vhen possible,
small pertable flumes will be used to directly measure the
runoff from slopes. In sddition, a number of small swales
near the crest of Yucca Mountain will be instrumented to
measure the relative contribution of overland flow and
interflow to runcff in first-order streanms.

The Yucca Mountain drainage network includes the ares of
the proposed central repository block and contiguous aress.
This network will be analyzed {n order to complement the )
characterization of hydrologic propsrties of surficial ~
materials described in Section 3.1.3.1.

The snalysis of simi{lar watersheds {s important in
relating ceasurezents and models in one watershed with
another (Chow and cthers, 1988). The total drainage netwvork
includes 482 streanms containing 320 kn of drainage channels
in an area of 120 kn'. Four major subdrainage areas make up
the Yucca Mountain drainasge network (Figure 3.1-4). These
are Yuccs Wash, Fran Ridge, Busted Butte, and Sclitaric
Canyen. Table 3.2-3 lists the drainage natwork
characterisctics for the subdrainage areas. This preliminary
list includes strean ordsr, strean lengths, and drainage
density., Additional geomorphic and topographic parameters
vill be neasured and related to runoff and streanflow data.
These will fnclude length properties of the drainage
netvork, shape or ares of the drainsge basin, relief
aspects, and physical characteristics. The change in the
storage tern is addressed in Section 3.2.3.1.3 (utilizing
neutron-seisture logging).
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Table 3.2-3. Draingage network cheracteristice for gub-drainage aress.
SUBIAAINAGE STREAN WUMBERS STREAX LENGTRS ORAINAGE DENSITY
Total rumber Kesn length of Total ares of fTotal Li/A
of stresms of stresm sepunts of aach stresm
each crder exch order: (km) drairage ares Longthe
Al 2 A8 oS " 12 13 1" ($q. km) (A) Il (km)
YuCC8 Wash 13¢ 40 8 1 0 01‘2 00“ 1.“ 0.002 43.1 105.8 2.45
franficge 103 39 ¢ 3 1 0.6 1,16 0.90 3.4 5.0 116.8 3.26
Susted Butte 62 W8 7T 2 1 0.48 0.95 0.84 45,18 16.7 $7.6 3.45
Sotitario 2 12 2 1 ¢ 0.2 0.86 078 5.3 8.3 £3.4 1.8

Assuning no changes in storage, measurements of total
runoff, together with the calculated total precipitation and
total evapotranspiration over the catchment area, can be
used in the mass-balance calculations to estimate net
{nfileration. .

3.2.3.4.2.3 Evapotranspiration

Evapotranspiration in arid and gsemi-arid regions is
perhaps one of the most difficult measurements to make (de
Bruin, 1988). A combinatien of mesasurements and models will
be required to adequately estimate evapotranspiration. A
series of prototype methods are currently being developed to
deteruine their suitability under different topographic
conditions. HKodeling will be used extensively as &
measurenent confirnation and a spatial and temporal
integration technique. The focus of the measurements and
modeling will be based on the characterization of the energy
balance:

Q* - G-S-LE=0

vhere Q* is net radiation, C is soil heat flux, S is
sensible heat flux, and LE is latent heat flux (L fs the
latent heat of vaporization of water and E {s the quantity
of vater evaporated or condensed on the surface). Ths
intent {s not to solve ths energy balance for the component
parts but to uss the snergy balance franswork to analyze the
most critical parts and concentrata nsasurement efforts on
those paransters vhich cannot be adaquately predicted using
podels (which are describad hatur in this section).

The models will help to focus the need for leong-tern
zeasurcoents of environnental paraneters by identifying
those msasursnents vhich are most critical for determination
of evapotranspiraticn. Although the focus cf the following
section is on evapotranspiration, ths section also will
discuss an approach to nessuring and modeling the energy
balance.
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3.2.5.4.2.3.1 latent and sensidble hest flux

There are several techniques currently under
evaluation to measure latent heat flux (see Study
8.3.1.2.1.1), These includs the Bowven ratio, eddy
correlation, fasc-response psychremeters, lysimeters,
and class A avaporation pans (see Brutsaert, 1982, for -
discussion on these techniques). The Bowsn ratio (the
ratic of sensible heat to latent heat) {s the only
indirect measurenent of evapotranspiration, as it uses
an energy-balance calculation to solve for LE and
therefors reaquires measursnants of Q% and G. The other
four techniques are direct seasurements but are also
checked against the energy balance to evaluate energy-
balance closure. Both sddy correlaticn and the fast-
response psychrozeter technique can be used to calculate
Bowen ratics and allow intercoaparison between
techniques. The large spatial varisbilicy of
precipitation, and therefore evaporation, make the use
of these thres tachniques more difficult. They require
an adequate fetch over which evaporation represents an
average value, If large-scale advection {s present,
then modificacion of the techniques are required (de
Bruin, 1988). Anothsr problea is the mountainous
terrain vhich nakes the long fetch requirement more
difficulc. It may bs possible to place the sensors in a
variety of tepographic settings which allew for
measurenant of evaporation {n up-canyon or down-canyon
wind, '

Estimates of evapotranspiration using metecrological
data and modeling will be evaluated and compared to
direct measurement of evapotranspiration and soil water
loss vhen drainage is zero. A number of simplifications
of the energy-balance technique have been used in order
to decresse the quantity and {ntensity of measurements
required, The Panaan equation (Penman, 1948) {s
cozaonly used in situations where detailed environmencal
dats are availadle, Simplifications intreduced to model
the asrcdynanic parts of the squation make the equation
usaful only for calculation of potential
svapotranspiration. Furthermors, the equation requires
calibration (fitting the paranscers to field data). The
Penzan-Monteith combination equation (Monteith, 1964)
allows for calculation of actual evapotranspiration but
requires detailed knowledge about the resistance to
vater flov at the evaporating surface. Priestley and
Taylor (1972) suggested a modification of tne Penman
equation for potential evapotranspiration which requires
less extensive seasurensnts, Flint and Childs (1987a)
developed a calibration technique that uses the
Friestley-Taylor framswork to calculate actual
evapotranspiration on a daily basis. This technique
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relates the reduction in evapotranspiration to a
reduction in soil water content, rather than an increase
in plant resistance. Considering the sparsity of
vegetation and dozinance of direct soil surface
svaporation, this technigue may wvork quite well. This
technique will be evaluated for its applicabilicy te
Yucca Mountain. As the evaluation progresses, other
models nay also be derived to help better estimate
evapotranspiration.

3.2.3.4.2.3.2 Net radiation

The measurenent of net radfation {s often assumed to
be sinmple and is given ninor consideraticn in energy-
balance studies. Although there are many net
radiometers that can be purchased and installed in the
fleld, determining the proper calibration is difffcule.
A group of net radicmeters were compared as part of this
study (Flint and Davies, 1988) and found to have
considerable deviation from each other. A method for
calibrating net radiometers for desert tarrain is
currently being developed by using upward- and downward-
looking precision-spectral pyranometers (shortwave) and
precision-infrared radiometers (longwave). When
combined, the radiation balance yields net radiation.
This technique allows for calibrating a variety of
radiation sensors as wvall as models of couponent parcs
(Flint and Davies, 1988).

Radiation modeling conhlltl of modeling the component
parts of net radiation (i.e., incoming and cutgoing
long- and shortwave radiation). The major component of
net radiation is solar radiation. Adequate methods are
available for long-tern radiation msasurezents but these
aasurements are too expensive to be routinely made on a
large nuzber of sgites. Flint and Childs (1987b)
daveloped a solar radiation model that properly accounts
fer aloping, mountainous terrain vhere surrounding
ridges can block significant amounts of direct-beam and
sky-diffuse radiation and incresse the amount of ground-
reflected radiation. This modal, vhen calibrated for
Yucca Mountain, and conbined with nsasursmants cof
albedo, can easily calculate the shortvave radiation
balance (Flint and others, 1987).

Longvave radiation s enitted by the sky and the soil.
Heasurensnts or modsls of soil-surface temperature cen
be used with ths Stefan-Boltzman equation to calculate
enitted longwave radiation. Thers are & variety of
equations available to calculate longwave radiation
exitted from the sky (Hatfield and others, 1983). The
equations will be calibrated and evaluated for the Yucca
Mountain region. The equation inputs include air
temperature and relative humidity, both standard
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pessurezents of the USCS microclimste weether ztation
(Section 3.2.3.4.2.3.4).

3.2.3.4.2.1.3 Soil hest flux

The thermal propertiss of major importance to heat
flow processes in soil are heat capacity and therumal
conductivity, Vhole-scil heat capacity, (heat storage
for unic-temperature change), is calculated as the sux
of the heat capacities of the i{ndividual soil
constituents. Water {s the soll constituent with the
largest specific heat and {s therefore an important
component of whole-scil heat capacity. Thermal
conductivicy, (rate of hesat transfer per unit
tezperaturse gradient), is daternined by both component
thernal conductivities and their arrangement in the soil
gatrix. Thermal conductivity can be calculated from
equations relating bulk-soil properties of water
content, bulk density, and perosity as well as the
therzmal conductivity of individual soil particles and
their shape and orientation in the soil (de Vries,
1963).

 Estimates of thermal conductivity at Yucca Mountain
sre particularly difficulc because of soll heterogeneity
due to rock fragments and exposed bedrock. Scil density
and vater content vary considerably with depth, largely
due to the presence or absence of rock fragments. Rock
fragments i{nfluence heat transfer in wet soils by
reducing total porosity and may also restrict drafinage
to paintain increased surface-vater contents after
precipitation events (Flint and Childs, 1984a). In wet
soils, the presence of rock fragments can either
increase or decreass heat capacity but thermal
conductivity {s usually increased. In dry soils, wvhere
reduction {n total porosity has lictle effect on water
content, both heat capacity and thermal conductivity are
increased.

Soil thernal diffusivity, the ratio of thermal
conductivity to heat capacity, is used in many numerical
nethods to predict soil tenperaturs and soil-heat flow
(Hanks and others, 1971; Horton and others, 1983).
Often, hovavar, thes thermal diffusivity is not known and
zust be estimated. Although a nunber of measurement
techniques have besn used, many resesarchers currentcly
use techniques {nvolving an f{nverse solution of the heat
flow equation for homogeneous soils using numerical
methods (Firdaouss and others, 1983; Horton and others,
1983). Flint and Childs (1987¢) have further developed
this technique for heterogensous, skeletal soils. This
technique can be conbined with point nsasurezents of
soil-temperature profiles to estimate soil-heat flow for
large aress. HMeasurements of soil-surface temperature,
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(from longveve radiation measuremente) and one
subsurface measurement (a lower boundary condition)
would be required to estimace soil-heat flow. These
measurazents sre fairly easy to obtain and will be a
couponent part of the meteorology network described in
Scudy 8.3.1.2,1,1. Other techniques for measuring soil-
heat flow, such as heat-flux plates (Fuchs and Tanner,
1968), and the calerimetric method (Campbell, 1977),
vill be evaluated as part of this study.

3.2.3.4.2.3.4 MNHicromsteorology

Five weather stations have bean established on and
around Yucca Mountain. A wsather station consists of
instruments to measure solar radiation, air temperature,
relative hunidity, wind spead, wind direction and
precipitation (one station currently messures baromecric
pressure). The measurements are taken every 10 seconds
and recorded as averages every 15 minutes. The
precipitation measurezent {sz recorded toc the nearest 10
secends at & resolution of 0.1 mm. These data will be
used as input to modeling and analysis of spatial
variability. These data will alsc be supported by
micrometeorological measurements made at eddy-
correlatiocn and Bowen-ratioc sites, as well as historical
data collected in and arcund southern Nevada by the U.S.
Weather Service (see Study 8.3.1.2.1.1). Sites selected
as part of the precipitation network will also be
instrumented to some extent. Thess measurements will
include precipitation, air temperature, and soil
temperature with the possible addition of fast-response
psychrozeters, wind speed and relative hugidity. All of
these parameters can be related to evapotranspiration
through the use of models (Campbell, 1977).

3.2.3.4.) B8ite characterization

Vhen sensitivity analyses and prototype evapotranspiration
measurements are concluded, the site-characterization work will
begin. Technical procedures will be written to cover the scope,
accuracy and equipment required for each component of the water
balance and the radiation balance. Since the total error of the
wvater bslance technique is expected to be greater than net
infilcration, this technique will help to identify regions
requiring more fntense studies (i.e., areas of high rainfall or
high evapotranspiration). Models will also be developed for the
purpose of handling spatial variability and for running
conditional simulations of the different balance components.

The water-balance/energy-balance approach will be modified as
necessary vhen more site-specific data are available.
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3.2.3.5 Geostatistical snalysis of the spetiel vericbility of
natursl-infiltration parameters

In trying to characterize hydrologic-surficial unics at Yucca
Mountain, {t is impossible to adequately sample and test the entire
region to obtain a deterministic evaluation of surficial physical
and hydrologic parameters. Therefore, geostatistical methods wiil
be used to estimate parameters from the available data base. In
-addition, they will be used to deteriine locations for new boreholes
based on areas of high variance. Autocorrelation functions,
senivariograms, and cross-senivariograms will be used to develop
appropriate models for spatial structure for each hydrologic
parameter. Kriging, and co-kriging (Journel and Huijbregts, 197€)
will be used to estimate hydrologic properties between measuring
points based on spatial structure and to determine the uncertainty -
of the estimates. Estimates obtained from geostatistical technigues
will be combined with all avaflable laboratory and field data to
delineate hydrolegic-surficlial units at Yucce Mountain and to obtain
input needed for larger unsaturated-zone models.

3,2.3.6 Hethods summary

The parameters to be determined by the tests described above are
summsrized i{n Table J.2.4. Alsoc listed are the selected and
alternate methods for deternmining the parameters and the current
estimate of the parameter-value range. The alternate methods will
be used if the primary (selected) method is impractical to measure
the parameter(s) of interest. 1In some cases, only the most common
methods are fncluded in the table. The salected methods in Table
3.2-4 were chosen primarily on the basis of accuracy, precision.
duration of methods, expected range, and lack of interference with
other tests and analyses.

The USGS investigators have selected methods which they believe
are suitable to provide accurate data within the expected range of
the site parameter. Models and analytical techniques have been or
will be developed to be consistent with test results.

3.2.4 Technical procedures

The USGS quality-assurance progream plan for the YMP (USGS, 1986)
requires docurmentaticn of technical procedures for all technical
activities that require quality assurance.

Table 3.2-5 provides a tabulation of technical procedures apnlicable
to this activity. Approved procedures are identified with a USGS
procedure number and an effective date. Procedures that are not
identified with an effective date will be completed and available 30
days (for standard procedures) or 60 days (for non-standard procedures!
before the associated testing is started; these procedures are also
identified with a "TED" (To Be Continued) technical procedure number.
Some of the listed technical procedures are primarily outside the
objectives of the subject activity, but are included for genersl
information and ease of cross referencing. Approved technical
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WP-94 lisutron moisture meter catibration (vartical holes)
Nonitoring of matyrsl (nfiltrgtion in greificiat-intlitrytion, contrel-ptot studies
npe1$ . Kethod for calibrating heatedissipetion sengors for measuring
fn-situ matric potential uithin porous media
npe17 Mathod of calibration and teating for cparation of pressure
trersdxers for air-parmsbility studies {n the unsaturated tone
np 52 Nethod for measuring sub-surface soisture content using &

reutron soleture meter
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Page 2
~ Teble 3.2-5. Jechnicel procedyres gugierments for astyrelsinfiltegtion
fvity ¢309 8.5.9.2.2.9.2%Contimsmed
Technical Technical procedure
precedure muarber
(NWM-USCESe)
[3) 144 {gg=+ {
180 Methods to determing flow paths from tritium profiling
180 Rathods to daterning net infiltration from tritium pretiling
yater-buddet gnstyyis
NP §7 Reasurement of tespersture ond relative humidity using o
Compbell sclentific, Inc. 207 tasperature and relative humidity
probe
wP -GS Tenglometer callbration
np«94 feutron mofsture meter calidration (vertical holes)
rptiged ig of e ti riabitd [ K1) sfnfiltration parsmeter
i 1 charecterization of spatial varfedility of raturaleinfittration
psramaters
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procedures not listed zay be used during-the activity,
should that be appropriate, and 1listed procedures may be .
tevised or replaced vith other procedures, as needed. « )

-t

Applicable quality-assurance procedures are presented in Appendi{x

-
¢

Equipment requirements and instrument calibration are described in
the technical procedures. Lists of equipment and stepwise procedures
for the use and calibratien of equipment, limits, accuracy, handling.
and calibration needs, quantitative eor qualicative acceptance criteria
of results, description of data documentation, identification, treatmen:
and control of samples, and racords requirements are included in these
documents.
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3.3 Evaluation of artificial intiltrltlon

3.3.1 Objectives

The objective of the artificial-infiltration activity {s to
characterize vater movement in the surficial materials of Yucca Mountain
under controlled conditions. Experiments designed to determine the
total water flux, flow velocities and flow paths will be performed on
the geohydrologic-surficial units under both present day precipitation
rates and sirpulated higher rates corresponding to wetter climatic
conditicns.

A series of four different types of artificial-infilctration tests
are proposed in this activiey plan: (1) inflltrometer tests, (2)
ponding tests, (1) small-plot rainfall sipulation (SFRS) and (&) large-
plot rainfall simulation (LPRS). Beginning with infiltrometer tests,
each type of test increases in complexity and bui{lds on the results of
the previocus test.

' Three major goals to be achieved in order to meet the main cbjective
are:

(1) To characterize the range and spatial variability of
{nfiltration rates in approximately the upper 0.3 & of surficial
material.

(2) To characterize the range and spatial variability of
infiltracion rates, flow velocities and flow paths in
approximately the upper 5 m of surficfal material.

(3) Te characterize the complex relation between rainfall,
runoff, evapotranspiration, changes in storage and {nfiltration
in approximately the upper 5 m of surficial material.

3.3.2 Raticnale for activity selection

The activity is designed to define the upper flux boundary at Yucca
Mountain for present-day and simulated wetter climatic conditions.

The infilctrometer, ponding, and rainfall.siculation tests described
in this activity permic the rapid collection of large amounts of water-
flux, fleow-velocity, and flow-pathway data in a relatively short amount
of time cocmpared to obtaining the same data under natural conditions.
In addition, artificial-rainfall tests which simulate storms typical of
wetter climates should yield valuable infiltraticn data for each event
and each type of surficial materizl. Under future wetter climatic
conditions, the scils and vegetation would certainly be different from
that found under present-day conditions, ({.e., the upland soils of
Yucca Mountain would have more developed horizons and denser vegetation
cover than present day). Unfortunately, infiltration tests on present.
day soils vhich simulate storms typical of wetter climates should yield
infilcration rates, flew velocities and hydraulic conductivities which
may not represent conditions for more developed soils (Analog recharge
studies, 8.3.1.5.2.1.4). Furcher tests and spatial analysis under
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different vegetation types may provide the needed information to
determine soll characteristics under possible future conditions.

For infiltracion tests done over bedrock or shallow soil and
alluvial cover, monitoering the advance of wetting fronts using
geophysics and groundwater tracers will provide information on fracture-
flow paths in the bedrock. Monitering conservative-tracer movement will
yield data on maximuz flow velocities (all water used in the artificial
infiltration will be tagged with & tracer). The {nformation obtained
from such tests will be useful i{n develeping mathematical models to
predict ground-vater travel time fin the unsaturated zone from the
repository to the accessible environment,

3.3.) Genersal approach and summary of tests and anslyses

Figure 3.3-1 summarizes the organization of arcificial infiltration
studies. A descriptive heading for each test and analysis appears (n
the boxes of the second row. Below each test or analysis are the
ind{vidual methods that will be used. Figure 3.3.2 summarizes the
objectives of the activity, design- and performance-parameter categories
which are addressed by the activity, and the site parameters measured.
These appear in the boxes in the top left side, top right side, and
below the test and analysis boxes, respectively, in Figure 3.3-2.

The two figures summarize the overall structure of the planned
activity in terms of methods to be employed and measurements tc be made.

The descriptions in the following sections are organized on the basis of-

these charts. Methodology and parameter information are tabulated as a
means of summarizing the perctinent relations among: (1) the site
parazeters to be determined, (2) the i{nformaticn needs of the
performance and design {ssues, (3) the technical objectives of the
activity, and (4) the methods te be used.

The general approach proposed for artificial-infilcration studies
is sumzarized as flow diegrams in Figure 3.3-3a, -3b, and -3¢. The
approach has been divided into 12 major steps {dentified by Roman
nuserals., These flow disgrazs detail four majoer prototype tests, four
zajor site-characterization tests, three nodeling activities, and one
synthesis activity wvhich is repeated four times. In addition, data to
be ccllected from esch site-characterization test and the relation
between these data snd other activities are shown.

Steps X, XI, and XII will be done in cooperation with the USCS
Unsaturated-Zone Modeling Project for Yucca Mountain. Details of these
models will not be deascribed in this study plan.

Several of the steps outlined in Figures 3.3-3a, b and ¢ have been
completed, or work necessary for their iniciation has been perforaed. A
plan to evaluate a number of different infiltroneters has been devised
and the {nfiltrometers constructed or purchased. A selection of one or
more infiltrometers that can be used under the conditions present at
Yucea Mountain will result from comparison tests. These comparison
tests will be conducted as a part of activity I, Prototype infiltrometer
tests. Activity 111a has been cozmpleted in connection with the siting
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of neutron-accass boreholes and as s first step in defining the
geohydrelogic units of the prototype canyon-ridge system (Seccion
1.1.3.1.1). Results from the canyon-ridge study indicate that core
prototype work needs te be completed on surficlal-unit classificacion
with respect to hydrologic properties. Activity IV has been parcially
completed by sicing and constructing a prototype impoundmenc for ponding
and arcificial-rainfall scudies. Development of drilling and casing
techniques {n unconsolidated sedipents for vercical and horizontal
instrument i{nstallation at the {mpoundment gite i{s now being performed.
In addition to the sbove activities, many of the instruments to be used
in the ponding and artificial-rainfall plots have been tested
extensively {n the laboratery and under actual field conditions.

The tests involved in the artificlal-infilecrarion activity will be
{mplemented at each of the principal geohydrolegic-surficial units at
Yucca Mountain. These units include the unconsolidated-surficial
materials as wvell as the bedrock outcreps overlying the repository
block. Since all of these principal surficial unics are to be tested
under this study, the values obtained for the parameters should be
representative of Yucca Mountain as & whole. However, to ensure that
data obtained are representative, and to quantify the deviation of each
parameter value, extensive validation and gecstatistical enalyses will
be performed.

The following sections describe tests and snalyses to be conducted
as part of the artificlal-infiltracion tests. Each of the tests
described in cthese sections has been divided into & prototype componernt
and site-characterization compenent. The prototype component must be
successfully completed and evaluated before it can be used for site
characterization.

3.3.3.1 Infiltrometer pessurezents

Infiltremeter peasurements which characterize surficial.
infiltration rates in approximately the top 0.3 m of soil or rock,
will be used. The determination of infiltration rates across the
surface {s important for several reasons., First, the i{nfiltration
rate will affect surface ponding for variocus storm intensities and
runoff. Seccnd, the {nfiltration rate, coupled with the amount of
pcre space available for flow, will determine cthe depth to vhich
vater will penetrate in a given time pericd. Third, infiltration
rates deternined in the fleald and cozpared to laboratory
measurements on cores will indicate the relative influsnce of
macropores and air entrapment. Fourth, for tests conducted on
bedrock surfaces and over very shallov soil cover, {nfiltration
rates into fractures can be peasured.

The following is & list of infiltrometers to be used in
prototype testing:

Double-ring infiltrometer (Bouwer, 1961) '
Shallow borehole permeameter (Reynolds and Elrick, 1983)
Alr entry permeameter (Bouwer, 1966)

- Surface twin-ring permeamecer (Scotter and others, 1982)
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Alr permeameter (Eljpe and Meber, 1971; Morineau and others.
1965)

Although the theory and assumptions of the various
infilcrometers may vary, the overall application {s relatively
straightforvard. Under controlled conditions, a known asount of
vater is applied to a known surface area under a constant or known
head. . The volume of vater taken {n by the soil is measured over
known time intervals and {s used to calculate i{nfiltration. The
infiltracicn rate is defined as the volume flux of water flowing
into the profile per unit of aoil surface area.

Infiltration fnto unsaturated scil fs a function of the suction
and gravitational gradients. As the vetting front progresses, the
average suction gradient dacreases until, finally, the upper part of
the profile {s dominated by the gravitaticnal gradient. Since the
gravitational gradient is unity, the i{nfiltration rate approaches
the saturated hydraulic conductivity (K). Because of air
entrapment, the fleld measured hydraulic conductivity, referred to
as the transmission zone hydraulic conductivity (K). can be as cuch
as an order of magnitude lower than the saturated conductivity
(Constantz and Herkelrath, 1988).

The initial infiltration rate is higher than K due to the
larger hydraulic gradient which exists i{n unsaturated soil. This
infitial rate {s, however, dependent on antecedent molsture content
and, vhen related to the rainfall rate, determines {f runoff will
occur, Although the final measure of the infiltrometer {s K., a
relation can be developed betvesn the initial rate and vater
content. This relationship can be derived by combining the measured
values of K vwith the vater release function to calculate
unsaturated hydraulic conductivities and potential gradients, which
in curn, can be used to estimate infiltration rate at any specific
antecedent moisture content (Campbell, 1985).

Infileremetry will, therefore, be used as the primary method by
vhich the {infiltration rates in the upper 0.3 n are determined.
Since infiltrometer measurements can be performed easily and
rapidly, gecstatistical analysis and overlaying of other data bases
through a geographic information systea can be applied to a small
number of neasurements to help datermine vhere additicnal
measuresents pust be taken. This process is then repesated and more
tescs are done, With this approach, large areas can be
characterized efficiently.

As the initial step tovard prototype infiltrometer measurements,
a field evaluastion of several types of infiltrometers will be
performed. The infiltrometers selected by this comparative
evaluation process will ensure that the proper instrument is used
under the special geomorphologic conditicns and soil structures
encountered on Yucca Mountain.

Evaluation of the infiltrometers will be done by rating each one
against an established set of criteria. These criteria were
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formulated based on a conbination of quantitative and qunllkn:lve
faccors. Specifically, the criteria which have been established
are:

(1) Correlation betwveen field measured values and
laboratory deternination of vertical lctura:cd
hydraulic conductivity.

(2) Ability to measure over a representative surface area.

(3) Abilicy to test soils with different physical
characteristics (for sxample, varying rock-fragment
content).

(4) Ability to conform to boundary conditions and
assunptions of the method of analysis.

(5) Ability to limit or compensaté for temporal conditions.
(6) Abilicy to characterize only near-surface materials.

(7) Ability to meet project completion requirements.

(8) Portability, durability and sase of use.

RO

The evaluation process may result in the selection of more than one
{nfiltrometer, since no single instrument is expe.ted to be suitable

for the broad rangs of cenditions present on Yucca Mountain.
3.3.3.1.1 Prototype studles

Frototype infiltrozeter measurements will be done in the
prototype canyon-ridge systen (tests in the canyon-ridge area
are descridbed in Section 3.1.3.1). The preliminary
infiltraction-runcff map units, as determined through the
sazpling and mapping activities described in Sectien 3.1.3.1,
vill be used as a base for estadlishing an inicial saopling
schene. First, the principal geomcrphic units in the canyon-
ridge system will be used to atratify the sanple. Second,

vithin each layer of this stratification, which will correspond
to distinct geomorphic units, a sanple grid will be established.

The approach to ba uscd to characterize ths spatial

varfation in shallov i{nfiltration obtained by infiltrometers is

sunzarized in Figure 3.3.4a and -4b. An exazple of a grid

systen for a hypothetical surficial unit {s presented in Figure
3.3.5. The large-scale surficfal-unit grid (A) will consist of

spproxinztely SO sample locations. The small grid {3 the
centrally located plot that is used for the initial survey of
approxizately 35 close-spaced sanpling locations in each
surficial unit. These nunbers are first approxinmations, and
analysis of the data will allow for revisions of numbers and

3.3-10 September 18, 1

990

O




YMP-USCS.SP 8.3.1.2.2.1. RC

Sampie centralty located pict in
argest guricial ynton a
40x80 m gna every 10 m (35
SAMPDIeS) (IONg X8 GOWN BIODE)

imearsample wthin
pan of tng ongQing!
gnaone10z20m
gne evary 2 m (48
agctional sampies)

A >  Nan Page |
Sampie cartrally locsied pict n naxt
largest surfical untt ot 1/4 the distancs
of the arss of Infruence from the ARproDNale
SHMNVANOYTAM ANd GEVHIOD NEW SSMNVENCQTEM
intgraampre &!
finer scate, V/4
Brevious GIsIance
No

Combing two

Unns IO ONe e

surficial untt

Figure 3.3-4a. Flow diagram for determining spatie! vanation of intiltration
rates determined by inflitrometer tests.
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A) 8)

Figure 3.3-5. Map showing proposed grid system for hypothetical surficial
unit (A) where Xo is the reference point (0.0). A single. centrally located
point will be selected lor intensive. closed~spaced (8 x § m) sampling (B).
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locations. The availadble regression information will be used to
cokrig {f possible. 1If correlations dc exist, then incermediace
sampling of the correlated variables will be done, If the
collection of data for the correlatad date fs as difficulc or
more difficult to obtain than the infiltration measuramencs,
then those data will not be collected, A better esti{mstion of
the node spacing needed will be based on a site survey and a
geostatistical correlation analysis of physical property data
acquired by preliminary sampling and mapping activities. As
testing progresses, the node spacing may be {ncresased or
decreased, depending on a geostatistical analysis of
infiltration values cbtained.

Inicial infiltrometer tests will be performed on each
surficial unit., At the end of each test, soil samples will be
taken from within the vetted soil volume, Physical and
hydrologic properties of these samples will be determined by
laboratory tests consisting of bulk density, porosity, particle-
s{ze distribucion, saturated hydraulic conductivity, water-
characteristic curves, and initial water content.

Using the physical and hydraulic data obtained in the
laboratory and from the fisld, regression analysis as wvsll as
overlaying and compositing of data bases will be performed to
deternine vhich physical properties of the soil most closely
correlate with the hydraulic conductivity mesasured in the field.
The objective of this process {s to identify an easily weasured
physicel property that can bs correlated with the more time
consuning measurezent of hydraulfc conductivity. If guch 2
correlation can be identified, & multivariate-geostatiscical
analysis can be performed to generate values for points
intermediate to the i{nfiltroaster measurements. If no such
correlation can be identified, infilctrometars will be used
extensively.

Once infiltration.runoff map units are defined, they will
then be overlaid on map units defined using techniques described
under Section 3.1 (Characterization of surficial materials).
Through the overlaying process, the relation batween geology,
geomorphology and hydrology can be deternined, Validation of
results through field infiltrometer neasurements will be made
for each unit napped.

3.3.3.1.2 Site charactericzation

If corrslation betwveen one or more physical soil properties
and infiltration rates can be fdentified, estimates of
infiltration rates for Yucca Hountain will be cbtained using
numerous measurezents of the correlated parametsrs. If no
satisfactory correlation for infiltration rates can be
identified, oore extensive infiltrometer measurements will be
performed.
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I1f, in addition, correlaticen of infiltration-runoff map
units with geology, gecmorpholegy or remotely-sensed spectral
response is evident through the process of overlaying and
conpositing these respective dita bases, mapping of {nfiltracion
rates over Yucca Mountain will be chacked by the overlay
process. Any area where correlation is poor will be field
checked by making infiltration measurements. Random tests will

. be included to validate the infiltration estimates ocbtained
using geostatistics.

It is expected that shallow-infiltration rates may also
correlate closely with net-infiletration rates determined by
prototype ponding tests and natural-infiltration studies. In
thess cases, the easily mads infiltrometer measurements will be
substituted for some ponding and rainfall simulation tests.

3.3.3.2 Ponding tasts

Ponding tests will be used to characterize processes of
infilcration, drainage, redistribution, and evapotranspiration.
Ponding tests will be performed arcund some existing neutron-access
boreholes as well as some proposed borehole sites. Impoundments
will be builct to permit the ponding or flooding of surficial units.
Instrumentation burled within the profile will be used to monitor
the infiltration process dowvn to the depth of interest. After che
wvater supply {s shut off at ths surface, the drainage,
redisctribution and evapotranspiratiocn process will be monitored.
The total amcunt of water to be used has not been determined at this
time, but will be determined prior to testing (based on prototype
testing).

Dye tracer will be added to the water source at tvo sites, one
wvhere there is a substantial depth of alluvium, and another where
there is relatively little soil cover over fractured bedrock. The
profile at each of these two sites will be excavated after the test
and the flov paths mapped. In this way, the relative importance of
such flow paths as macropores and fractures can be determined. The
dye will be selected after further analysis of available data and
results of preliminary infilcration studfes,

turcther datails of this test are yet to be determined, however
possibilities for excavation include backhos, blasting, handctools,
shallov boraholes, etc, If possible the profiles will be excavated
by layers to determins the latersl extent and spacific fractures
that transpert vater. It {s expected that thare will be a strong
correlation between the fractures mapped from the dye tracer study
vith those deternined froz the geotomography studies.

3.3.3.2.1 Prototyps studies
Two prototype ponding tests will be performed, the first

over thick alluvial covar and a second one vhere a shallow sofl
covers fractured bedrock. Thesea two types of sites vill
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represent the end menbers in the continuum of conditions found
on Yucca Mountain.

The first prototype site, over & thick alluvial cover, has
been constructed, along with the cozplemantary control plot to
nonitor natural conditions. HNeutron-access tubeas have been
{nstalled in these plots to & depth of 2 m. Instruments to be
used to monitor the physical and hydrologic conditions in the
plot are currently undergoing testing and calibration. These
{nscruments includs:

(1) Neutron-moisture meter

(2) Transnission gamna water and density instruments
(3) Time Donain Reflectometry instrunentation
(4) Tamperature sensors

(5) Thermocouple psychrometers

(6) Tensiometer-transducer system

(7) Heat-dissipation probes

(8) Soil heat-flux sensers

{9) Soil solution samplers

(10) Data retrieval and analysis systenms

(11) Vater delivery and monitoring systems

In addition, metecrological and micro-seteorclogical
inscrumentation for aeasuring atmospheric parameters used in
calculating evapotranspiration is being tasted and calibrated.
For the special case of monitoring floew in fractured bedrock,
the technique of gectomography (Dailey and Ramirez, 1984) will
be used to determine flow pathways.

The developuent of techniques for drilling and casing in
unconsolidated surficial materials is currently under vay. The
objective of this progran {s to devise nethods for installing
unsaturated-zone instrumentatiocn in small vertical and
horizontal boreholes with the little disturbance to the profile.
Currently, no techniques exist to penetrate the types of
sediments typical of Yucca Mountain, while maintaining minimum
disturbance, without the use of a truck-mounted drill rig. Even
this drill rig causes sone surface disturbance, and cannot drill
horizontal holes.

Analysis of ths data cbtained from the prototype tests will
be performed using analytical and nunerical msthods. Analycicsl
techniques to describe vertical saturated and unsaturated flow
are widely available and no developnent of new methodology is
necessary (Hillel, 1980; Hanks and Ashcroft, 1980; Campbell,
1985). Computer simulations of the infiltraticn,
redistribution, evapotranspiration, and drainage will be based
on numerical approximations of analytical solutions. Numerical
methods are required to obtain sclutions for heterogeneous soil
and rock units.

As menticned previcusly, ponding tests will be carried out
at exiscing or proposed neutron-access boreholes. Neutron
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logging in these beoreholes vill be cuiteble fer monitoring the
vetting and drying of solls, nonvelded and bedded tuffs, and
perhaps wvelded tuffs with large-fracture porosity. Neutron

- logging, hovever, may not be suitable for monitoring
infiltration in rocks with saall-fracture porosity. Alternative
methods need to be identified and tested for monitoring wacer
wovement in these welded tuffs. For example, geotomography
(Dailey and Razirez, 1984) may be a more suitable method.
Freliminary prototype ponding tests will be required to: (1)
determine which logging method is most suitable for monitoring
infiltration in rocks with various fracture porcsities and (2)
adjust methods or equipaent to optimize the resolutfion of the
selected technique. Prototype geotomography is described in
detail in Section 3.1.3.3,

3.3.3.2.2 Site chiracterization

Fonding tests will be carried cut on at least one
representative site for each major gechydrologic unit on Yucca
Hountain. Based on current definitions of geohydrologic-
surficial units, tentative sitel have been selected for ponding
experiments (Table 3,3-1 and Figure 3.3-6). As soon as
infiltration data becons available fron mapping and
infiltrometer tests, & re-evaluaticn of the proposed ponding
sites will be done to deternine if they are representative of
the unit as & vhole, given the available infermation. In light
of the nested process of siting the ponding tests, the nusber
and location of these sites will probably change before site
characterization begins. .

3.3.3.3 Szall-plot rainfall simulation

The primary purposes of the small-plot rainfall simulation
(SPRS) studies are to examine the hydrologic properties of the upper
1 m (3 ft) of surficlal material covering Yucca Mountain. It will
also be possible, using a range in duration and intensicy of
precipitation applied to the soil surface, to create unsaturated
conditions within the profile. Since pany precipitation events on
Yucca Mountain ars sssumed to have an intensity lower than the
infiltration rate, the study of flow under unsaturated conditions is
feportant to the characterization of the surficlial sediments.

Small-plot rainfsll simulation differs from large-plot rainfall
sizulation (LPRS) primarily in the size of ths area covered and the
depth of investigation. LPRS is designed to cover areas on the
order of 60 o' and depths to 5 m. Depth of investigation for SPRS
vill be only 1 o and cover an area of 1 n'. These nunbers are for
planning purpoces and are based on standard usage. The specific
size will be deternined to account for loccal conditions and
preliminsry data analysis on or nearby the site. The duration of an
fndividual test (i.e., 2 hours) and the length of time the sice will
be subjected (i.e., 6 months) to a series of individual tests will
be based on prototype test results and prelicinary analysis of all
currently available data on all infilctration properties. Since more
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Table 3.3-1. Proposed artificial-infiltration sites based on preliminary definitinns of qeohydrologic-surficial vty
\SCP 8.3.1.2.2.1,3) _Continued i
tft, foot; spprox, spprosimate; X, percent; SPRS, small-plot rainfall simulation; LPRS, large plot rainfall simulation}

Site location Site description Proposed testing
Site
ounber Estimated
Access (see Appron, Appron. sont Seutron-
hole Figure North East elevation Slope topographic  thickness sccess
MNap unit mmber 3.3-4) fidge/Canyon (ft) ey “e) ) position o fholes Ponding SPRS LPRS
Tive Conyon W76 28  Whale Pack 769,353 559,048 4,958 12 Srosd ridge 1S X x x X
upper ridoe top-dip stope
titho-
physatl
n32 2b  Yucca Crest- 757,200 S59,990 4,410 5 Marrow ridge g-1 x n " x
east of N-3 top:-dip slope
n3s 2¢ Solitarie 268,700 857,475 4,360 10 Canyon wall 0-1.9% x ] X .-
Canyon-Yuceca ridge
(3 24 Tucea Crest 30,150 599,400 4,580 1} Channel bottom 01 X L .- .-
south of G3
W73 2¢ whale Back 761,049 558,928 4,847 20 thannel bettom  0-.5 x % ..
ridge
NS3  2f Deed Yuces 766,450 560,110 4,600 s Narcou ridge 01 ] x
ridge ) top-dip slope
Tiva Canyon N66 3¢ mighway ridge 780,434 561,881 4,358 10 Ridoetop- (/] Ld X X N
clinkstone : 1,500 = down
south dip slope
no 3b BRase of Vhale 740,840 562,320 4,228 27 Canyon wall 0 X x x X
Sack ridoe
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Site
mmber tatimated
Access (see Appron. Appron. sosl Neutron-
hole Filgure North  East elevation Slope topographic  thickness sccess
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Table 3.3-9V.

(e, foot; lp';I’OI, approxisate; X, percent

Proposed artiticial-infiliration sites based on preliminary delinitions ol geohydrologic -surficral units
(scep 8.3.1,2.2.1.3) -Continued

; SPRS, small -plot raintall simulation; LPRS, targe-plot rawnfall simulation)

Site location

Site description Proposed testing

Site
mmber Estimated
Access (aee Approx. Appros., soil Neutron:
hole Figure Rorth  East elevation Slope topographic  thickness sccess :
Nep wnit rmmber 3.3-8) RidgesCanyon (1) ) i) x) position ) holes  Ponding SPRS tens
VTiva Conyon 825 Sa  WNren wash 768,430 561,219 4,333 10 Channet bottom O | | .- .-
hackliey and
columnar nay St Abandoned wash 755,550 S60,150 4,360 15 Canyon wall 0 .% x L n z
n2r 5S¢ Orilthele 770,450 562,300 4,500 5 pip slope- 03 b ] x = X
wash altuvium contact
mna S5d Uhate Back 760,835 962,494 4,200 20 Conyon wall 0 ] x - ..
ridge near WY 2
n24 Se  Uren wash 768,005 562,838 4,226 10 Channet bottom 0O x ) § .- ..
ne2 5S¢  Abendoned 755,350 560,300 4,280 10 Center of 0 ] ] --
wesh B channet
ues S9  Abandoned 755,350 560,450 4,320 15 Canyon wall 0 R L § .. .-
uash sdjacent to :
Ghost Dance
fault
Topopeh Springa-
brick [ ]3] 6a Solitario 760,150 556,600 &, 280 15 Canyon wall 03 n x x X
Canyon
Grayish n1 6b Seliterio 760,000 536,400 4,220 15 Canyon wall 03 L} L ]
red Litho- Canyon/west of
physal Yucca ridge
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table 3.3-1. Proposed srtificial intiltration sites based on preliminary definitions of gechydrologic surficial unity

(scp 8.3.1.2.2.1.3)- Continued
(tt, foot: sppron, approsisate; X, percent; SPRS, small-plot rainfall simslation; LPRS, large-plot rarntall simsulation)

Stte location

Site description Proposed testing

Site
mabetr Estimated
Access (see Approa, Appron. sosl Neutron-
hole Figure Rorth fest elevation Slope toposraphic  thickness access
Rep unit ‘mmber 3.3-6) Ridge/Canyeon (ft) (ft) (te) x) position (113] holes Ponding SPRS 1S
vitrophere N37 6c  Seliterio 765,450 557,600 4,350 10 Canyon wall 0.3 x ) .
Undiffer- wso 6d Selitsrie 57,634 557,200 4,332 13 Seginming of 0.5 | X ..
entiated drainsge channel
Caprock [ +1.] 6e  Abandoned wesh 734,800 560,650 4,270 10 Channel 03 L L] .-
terrace
Caprock [ >14 4f Abendened wesh 754,950 560,300 4,180 10 Chennel bDottom O | R
Noovelded & N30 7s Selitarie 765,300 557,950 4,430 10 Canyon wall 0-3 | ] R x
bedded Canyon-west of
tuffs Yucca ridge
39 > Sotiterio 763,750 552,930 4,420 15 Canyon well o3 ] .. x
Canyon-west of
Tuces ridge
"? 7c Setitarin 799,350 934,250 4,200 20 Canyon wall 36 X | x
Canyon-Yuccs
tidge
nso 7d Abandoned 753,120 %60,808 4,220 20 Canyon wall 03 x X x
wash
WID 7e Pagany Wash  TA9,BA0 S84, T44 4,038 0  Chennet bottoms O x x
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Tabte 3.3-9V,

Proposed artificiat -intiltration sites based on preliminary definitions of geohydrotogic-surficyal units

(SCr 8.3.1.2.2.1.3)  Continued

[ft, foot; spproa, approximate; X,percent; SPRS, small plot rainfall simulation; LPRS, large-plot rainfall simuistion)

Site location

Site description Proposed testing

Site
mumber Estimated
Accesa  (yee Appron. Appros. sevl Reutron:
. hole Figure North  Cast elevation Slope topogrephic thickness access
Nap unit mmber 3.3-5) Ridge/Canyon (ft) ey ({1}) % 3 potitien (11} holes Ponding sPRS LPRs
ne Tt Oritthole 772,202 559,748 4,500 b Channel sdjscent 0 x x .- -
wesh te Canyon wall
Altuvium n28 Bs Split wash 763,001 543,320 3,938 S Center of 43 % L4 X x
colluvium canyon
n29o 3¢ Split wash 762,613 543,173 3,978 10 Dsp slope/ | | § x X K
colluviue
contact, constant
thickness sorl
n3o Bb Split wash 762,048 585,233 3,959 27 Dip slope/aliu- 1t L] | » R
vium-colluvive
contact, incressing
soi1l thichness
no B8c  Split wash 763,689 564,571 4,028 S Channetl bottom 2.5 L] x .
over welded tuff
[ 134 84 Oritllhote 771,968 550,784 4,4BO S Channel bottom 33 R L4 .
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than 80X of the bedreck above the canyon bottom of Yuccs
Mountain {s estimated tc be covered by a lsyer of unconsolidated
rock or soil ranging thickness from less than 30 mm to 2 m, SPRS
will be utilized primarily in the upland areas.

One particularly important goal in the SPRS tests will be to
deternine the nature of infiltration behavior at the interface
between the shallow alluvial cover and the fractured bedrock. If
precipitation is sufficient to £111 the storage of the surface
sediments, perching conditions may develop wvhich could initisce flow
into open fractures. Fleld data are required from each hydrologic
un{t to determine the complex relations between rainfall, thickness
and properties of the scil, and the accumulation of perched water.

Instruments will be placed vithin tha profile of these plots
with as licctle disturbance as possible. All i{nstruments and
boreholes, with the exception of the neutron-access holes, will be
installed in a horizontal plane beneath the test plot from an
adjacent {nstrumentation pit (Figure 3.3-7). A control plot will
alsc be located adjacent to each SPRS plot in an equivalent
geohydrologic setting (see Ssction 3.2.3.2 for discussion of control
plots). SPRS control plets will be instrumented in a canner sigilar
to the test plot, but will not receive srtificial rainfall. Water-
content changes {n the surficlal material will be monictored
pricarily by an array of szall-diameter {<10 mm (<0.4 {n.))], time-
domain-reflectometry (TDR) (Topp and Davis, 1982) probes installed
horizontally at varicus depths up to one (1) m. Water-content
changes in the near-surface profiles may also be monitored by
neutron-moisture logging and two-borshole gamna-gamma legging i(n
130-mm- (S5-in.-) 1.D. cased boreholes. These boreholes will be
locatad outside two adjacent gidas of the plots and installed to a
depth of at least 1 m (3 ft) (Figure 3.3-7). Tvoc-borehcle gamma-
gamna legging may also be carried out i{n casing that is {nscalled
horizontally beneath the test plots. These horizontal logging
boreholes are not shown in Figure 3.3-6. Preliminary tasts will
determine the cptioum borehole configuration for two-borehole gamma-
gamma logging. Preliminary tests vwill alsc determine the
feasibility of using shielded sources on neutron-moisture probes to
direct neutrons tovard the center of the SPRS plots.

Tensiomsters and heat-dissipation probes will be used for
patric-potential measurements., Vacuun ground-water samplers
(suction lysimeters) will be used to collect unsaturated-zone water
sazples. The collection of these samples will peruit the moniroring
of the movement of a conservative tracer introduced by artificial
rainfall. Tracer-movement data will yield {nformation on flow
velocity as wall as flov paths. These {nstruzents will be installed
in horizontal planes froa the instrumentation pit. If possible, an
organic dye similar to the one to ba used in the ponding experimencs
will also be introduced {nto the artificiel rainfall. Afcer SPRS {s
completed, selected aites will be excavated to determine the flow
paths taken by the dye tracer.
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Boreholes in SPRS plots will be logged to depths of
approximately 2 m (6 ft). At most locations, these 2 m (6 ft)
boreholes will penetrate the soil and into the underlying
consolidated bedrock. Water-content and vater-potential sensing
instruments will be i{nstalled dovn to 1 m (3 £ft) in soil and
nonwelded and bedded tuffs with a high-patrix porosity. Preliminary
tests will determine the feasibility and effectiveness of installing
these instruments in underlying velded tuffs of low-matrix porosity.
Instruments will not be installed to depths much greater than 1l = (3
ft) primarily because flov through the side boundaries of the plots
is expected to increase as depth increases. 1f side boundaries can
be made into non-flow boundaries, useful flow-related measurements
can be made to much greater dapths.

A variety of rainfall eventa will be simulated beginning with
low-intensity &nd short-duration storms. Infiltration will be
monitored to maximum i{nstrument depths {greater than 1 = (3 ft)].
Factors which affect the sccumulation of perched water will be
identified. 1In addition, meteorclogical data will be collected ac
each site for evapotranspiration calculations. Evapotranspiration.
runoff, and precipitation data will be incorporated into water-
budget calculations to attempt to estimate infiltration by different
methods (Section 3.2.3.4). Runoff as a function of precipizacion
will be measured at each plot using flumes.

The l-m (3-ft) thick soil profile theoretically can be wetted to
different constant water contents. If this wvetting is possible,.
values of hydraulic conductivity will be determined for each water
content (Hillel, 1980). Determining changes in the water content
during drainage can alsc provide an estimate of hydraulic
conductivicy (K) as a function of wvater content (Libardi and others
1580). 1In pleots vhere matric potential can be measured rellably by
tensiometers, more direct measurements of K will be made (Watson,
1966). Runoff, as & function of precipication and infilcracion,
will be estimated by flumes for both control and simulation plots.

3.3.3.3.1 Prototyps studies

Instruxents for monitoring soil and infiltracion parameters
will be used in ponding tests done prier to SFRS prototype
tests. Therefore, calibration and measurement techniques should
be well understood before the start of prototype testing for
SPRS. Optimum instrument installation techniques and spatial
arrangement of {nstruzents {n lithologic types, such as cobbly
alluviun and fractured bedrock are now being developed for use
in the ponding tests. Rainfall-sipulation equipment will be
tested for intensity ranges and uniformity of application.

The first tests of the rainfall simulators will be performed
at the prototype ponding sites. In this way, the differences
between the method of water applicaticn can be quantified, ac
least for rainfall rates near the field saturated infiltration
rate. Any problems encountered with the rainfall simulators, or
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changes needed i{n the design will be determined during testing

at the ponding sices. ~)
A range of precipitation rates will be used during the

testing of the simulator at ths ponding sites. The profile will

bs .monitored baneath the ponding plot and data will be obtained

for analysis., Based on these data, a determination will be mpade

as to the suitability of using the previcusly established

ponding sites as supplenmental SPRS sites, particularly for

sinulating wvettar climatfic conditions (tha ponding site must

first be allowed to go through a period of natural drainage).

After the rainfall simulator has been tested, two prototype
SPRS sites will be established. The first site will be located
on a relatively flat upland ares and the second one vhere there
is appreciable slope. The slope site will be needed for the
testing and calibration of the runoff metering flumes.

3.3.3.3.2 Site characterization

For site characterization, it will be assumed that at least
one SFRS plot will be lecated within each geohydrologic-
surficial unit to cover the range of infiltration rates (Table
3.3-1). SPRS plots will be located adjacent to ponding sites
vhen possible in order to obtain the highest correlation between
the twvo types of tests. The number and locations of SPRS plots
have been listed in Table 3.3-1 only for the purpose of
planning. However, the nunber of plots listed probably )
represents the maxioun nunber of SPRS plots that will be -
establighed, Results from infiltrometer, ponding and other data
collection work should facilitate the combining of similar
geohydrologic-surficial map units, thereby reducing the total
nunber of plots needed.

3.3.3.4 Large-plot rainfall simulation

After completion of SPRS tests, more complex large-plot rainfall
simulation (LPRS) will be carried out on at least one site in each
geohydrologic unit to measure rainfall, infiltration, runcff and
evapotranspiration for simulated vatter climatic conditions (Table
3.3-1). LPRS are laportant becauss a much larger ground-surface
area is tested., Vithin ons test arsa, a wids range of plants as
well as soil surface conditicns can be included and results will
then reprasent areal averages for infiltration values. Some large
plots will be sited vhere a thicker alluvial cover exists so that
greater scil depths can be investigated.

LPRS plots will be instrumented {n the same nanner as the SPRS
plots except for the rainfall simulator, which will initially be s
trailer mounted type that can be moved froa site to site. Due to
the geometry of the simulator, the plot configuration will be in the
form of twvo rectangles, as fllustrated in Figure 3.3-8. The exact
size of the LPRS i3 esctimated to be 60 n', and measuring depths to § )
m is prelininary and based on site characteristics. The exact
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configuration will ba determined to account for local conditions and
preliminary data analysis on or nearby the site. The duration of
individual cests (i.e., 8 hours) and the length of time the site
will be subjected (i.e., 1 ysar) to a series of individual tests
will be based on prototype test results and preliminary analysis of
all currently available data on all inflltration properties. An
alcernative i{s the single-plet design (Figure 3.3-9) which will be
evaluated during prototype developaent. As with ponding and SPRS
sites, control plots will be established sdjacent to the test plot.
Methods of analysis will follow thosa established in SPRS.

The principal goals in the LPRS tests will be to determine the
effects of measurezent scale and vatter climatic conditions on the
soil surface and profile. Rates of net infiltration under these
vetter conditions will be of prime intersst even though it will
represent & bounding case since climatic changes would be expected
to occur over long time periods, with corresponding increases in
vegetative cover and soil develcpment. Information from LFRS tescs
will be used in Study 8.3.1.5.2.2 (Characterization of future
regional hydrolegy due to climate changes) to develep modeling
techniques to predict possible future unsaturated-zone hydrologic
characteristics.

3.3.3.4.1 Prototype studies

The mathods developed in SPRS prototype tests to install
instruments and moniter water movement will be applicadble to
LPRS. Two sites will be established for prototype tests, one on
a relatively flat surface and a second on sloping terrain.

The site configuration and procedures employed in LPRS will
depend greatly on the experience gained through SPRS. Inicially
it is assumed that the prototype LPRS sites will differ from the
SPRS sites primarily in the depth to which inscrumentation will
be placed.

3.3.3.4.2 Site characterization

The number and lccations of LPRS plots are given in Table
3.3-1, Again, the nunber and locations of LPRS sites will
depend on the results of ponding and SPRS tests. Therefore,
this nuzber fs thought to be a conservative estimate, and the
actual number is expscted to be less.

3.3.3.5 Borelols drilling and coring for artificisl infiltration
Drilling and coring for artificial-infilcration studies will be

s{m{ler to methods employed for the natural-infiltration studies.
See Section 3.2.3.1 for a detailed discussion.
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3.3.3.6 Geostatistical analysis of the spatial variability of the
arcificial-infileration parazeters '

The nature of artificial-infilcracion parameters {s such that
geostatistical methods are appropriately applied to their analysis.
Theory and use cf geostatistics was covered in Section 3.2.3.6.

3.3.3.7 Methods summary

The parameters to be deterumined by the tests described above are
summarized in Table 3.3-2. Also listed are the selected and
alternate methods for determining the parameters and the current
estimate of the parameter-value range. The alternsate methods will
be used if the primary (selected) method {s impractical to measure
the parameter(s) of interest. In some cases, only the most common
methods are included in the table. The selected methods in Table
3.3.2 were chosen primarily on the basis of accuracy, precision,
duration of methods, expected range, and lack of interference with
other tests and analyses.

The USGS investigators have selected methods which they believe
are suitable to provide accurate data within the expected range of
the site parameter. Models and analytical techniques have been or
will be developed te be consistent with test results.

3.3.4 Technical procedures

The USGS quality-assurance program plan for the YMP (USGS, 1986)
requires documentation of technical procedures for all technical
activities that require quality assurance.

Table 3.3-3 provides a tabulation of technical procedures applicable
to this activity. Approved procedures are identified with a USGS
procedure nuxmber and an effective date. Procedures that are not
identified with an effective date will be completed and available 30
days (for standard procedures) or €0 days (for non-standard procedures)
before the associated testing {s started; these procedures are zlso
{dentified with a "TBED" (To Be Determined) technical procedure number.
Some of the lisced technical procedures are primarily outside the
cbjectives of the subject activity, but are included for general
information and ease of cross referencing. Approved technical
procedures not listed may be used during the activity, should that be
appropriate, and listed procedures may be revised or replaced with other
procedures, as needed,

Applicable quality-assurance procedures are presented in Appendix
7.1‘ N -

Equipment requirements and {nstrument calibration are described in
the technical procedures. Lists of equipaent and stepwise procedures
for the use and calibration of equipment, limits, accuracy, handling,
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Page 2 )
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K!“i'! ‘!2 !l!l!l:l!i’l!!"iﬂ!'g
Technics! Technical procedure
grocecure rrber
(NWM-USGS-)
o rqint { {onee §

wPR-49 Corstruction ond operation ¢f sisple termiometers

wh-£8 Preliminary mathod of chemical/hydrological stuty of atluvium
sround Yuces fountain waing ssalt-plet rainfall simulation
davices
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and calibration needs, quantitative or qualitative acceptance criteria
of resulee, description of deta docecumentaticn, identification, treztment
and control of samples, and records requirements are included in these
documents.
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4 APPLICATION OF STUDY RESULTS

4.1 Application of results to resolution of design and performance issues

The results of this study will be used in the resolution of YMP
performance and design issues concerned with fluid flow within the
unsaturated zone beneath Yucca Mountain. The principal applications will be
in assessments of total system performance and ground-water travel times
(Issues 1.1 and 1.6). Also, results from this study will provide input into
design analyses related to the waste package (Issue 1.10) and near-fieid
environtent (Issue 1.5), and underground repository facilities (Issue 1.11
and 4.4). 1lssues concerned with repository seals (Issue 1.12) and worker
and public radiological safety (Issues 2.2, 2.7, 2.1, and 2.3) will also use
the hydrologic information resulting from this study.

The application of site information from this study to design-. and
performance-parameter needs required fer the resclution of design and
performance issues is addressed in Section 1.3. Sections 2 and I use logic
diagrams and tables to summarize specific relations between performance- and
design-paraczeter needs and site parameters determined from this study.
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4.2 Application of resulte to suppert cther gite-cherecterization
investigations and studies

Data collected in this study will be ezployed in other studies in
Investigation €.3.1,2.2 (Description of the unsaturated-zone hydrologie
system at the site), as well as studies in the folloving finvestigacions:

£.3.1.2.1 - Studles to provide a description of the regional hydrologic
system;

£.3.1.3.7 - Studies to provide the informaticn required on radiocnuclide
retardation by all processes along flow paths to the
accessible environment;

8.3.1.4.2 - Geclogic framework of the Yucca Mountain site;

8.3.1.4.3 - Development of three-dimensional medels of rock
characteristics at the repository site;

6.3.1.5.1 - Studies to provide the i{nformstion required on nature and
rates of change in climatic conditions to predict fucure
climates;

8.3.1.5.2 - Studies to provide the {nformation required on potential
effects of fucure climatic conditions on hydrologic
characteristics;

€.3.1.6.2 - Potential effects of future climatic conditions on
locations and rates of erosion;

€.3.1.12.1 - Studies to provide data on regicnal meteoroclogical
conditions;

8.3.1.17.3 - Studies to provide required i{nformation en vidbratory ground
motions thar could affect repository design or performance;

8.3.1.17.4 - Preclosure tectonics data collection and analysis;

8.3.5.12.2 - Calculaticnal models to predict ground-water travel times
betwveen the disturbed zone and accessible environment; and

8.3.5.13.1 - Site information needed to calculate the releases to the
accessible environment.

Surficial-paterials, hydrologic-, and physical-property data obtained
from activities in this study will be applicable to a number of site-
characterization investigations. For example, detailed fracture data on
outcropping-bedreck units obtained frea geotomography, shallow surface-
seismic surveys, the excavation of selected artificial-infiltration plots,
and core from infilcration-related borsholes will add to the fracture data
base generated from Investigations 8.3.1.17.3 (Studies to provide required
information on vibratory ground motions that could affect repository design
or performance) and 8.3.1.4.2 (Geologic framework of the Yucca Mountain
sicte)., Porosity and density data obtained from the nuclear (geophysical)

4.2-1 September 18, 1990



YMP-USGS-SP 8.3.1.2.2.1, RO

logging of infilctracion-related boreholes will also be useful in the
analysis of rock properties. Information on the scils of upland areas of
Yucca Mcuntain obtained from the sampling, testing, and mapping of surficial
materials will provide an adequate data base for Investi{gation £.3.1.5.2
(Studies to provide the information required on potential effects of future
climate conditions on hydrologic characteristics). Remote-sensing
techniques developed by Activity 8.3.1.2.2.1.1 will be used in conjunction
with Studies 8.3.1.5.2.1 (Charscterization of the Quaternary regional
hydrolegy), 8.3.1.17.4.7 (Subsurface gecmetry and concealed extensions of
Quaternary faults at Yucca Mountain), and 8.3.1.2.1.3 (Characterization of
the regional ground-wvater flow system). Data collection from these studies
will provide support for estimating values of potential infiltraticen
(Activicy 8.3.1.2.2.1.1), potential discharge (Activity £.3.1.5.2.1.3), and
for delineating regional fracture-zone hydrology (Activity £.3.1.17.4.7.7).
These data will alsoc be used to suppoert regional saturated-zone and
paleohydrologic modeling (indirectly through Study 8.3.1.2.1.3).

Studies 8.3.1.2.1.1 (Characterization of the meteorclogy for regional
hvdrologv), 8.3.1.5.2.2 (Characterization of the future regional hydrology
due to climate changes), 8.3.1.,5.1.1 (Characterization of modern regional
climacte), and 8.3.1.12.1.1 (Characterization of the regional meteorological
conditions) will employ data generated by Activity €.3.1.2.2.1.2 (Evaluacion
of natural infilcration). Information from LPRS tests will be used in Study
8.3.1.5.2.2 to develop modeling techniques to predict possible fucture
unsaturated-zone hydrologic characteristics. Studies 8.3.1.6.2.1
(Influence of future climatic conditions on loccations and rates of erosion)
and 8.3.1.2.1.2 (Characterization of runoff and streamflow) will ucilize
rainfall-runcff data obtained from sampling. testing, and mapping and
arcificial-infiltration activities. Alsoc, measurement of flux, other than
that obteained from the natural and artificiul-infilcration accivities, will
be independently estimated from environmentul tracers. Concentration
profiles for water extracted from core samples over the entire thickness of
the unsaturated zone will yleld data useful in Study €.3.1.2.2.7
(Hydrochemical characterization of the unsaturated zone).

Finally, flux-related data and lithologic characteristics generated by
the infiltration studies will be synthesized into a three-dimensiocnal model
of the unsaturated-zone hydrologic system and its interaction with the
saturated-zone systez (Study 8.3.1.2.2.8, Fluid flow in unsaturated,
fractured rock; Study 8.3,1.2.2.9, Site unsaturated-zone modeling and
synthesis; and Investigation 8.3.1.4.3, Development of three-dimensional
models of rock characteristics at the repository site).
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5 SCHEDULES AND MILESTONES

5.1 Schedules

The proposed schedule presented in Figure 5.1-1 summarizes the logic
netwvork and reports for the three activities cf the unsaturated-zone
infiltracion study. This figure represents a summary of the schedule
information which includes the sequencing, interrelations, and relative
durations of thea activicies described in this study. In particular, the
activities described in this study will be dependent on the construction
schedules of the neutron-access boreholes and the artificisl-infiltracion
plots.

Specific durations and start and finish dates for the activities are
being developed as part of ongoing planning efforts. The development of che
schedule for this study has taken intc account hew the study will be
affected by contributions of data or interferences from other studies, anc
also how the present study will contribute or may interfere with other
studies.

Accurate characterization of unsatursted-zone percolation will require
several vears of hydrologic testing and monitering. Because of the
relatively long period of time needed, the planned activities provide little
tice for delay.

The time allotted to establish the infiltration site ({.e., less than
three months), and run preliminary {nfilctration experiments (i.e., 1 year)
{s bellieved to be adequate tc establish a baseline of iInformation on
inf{ltration properties and processes based on exparience in other field
{nfiltracion studies. Longer term analyses, as proposed in Figure 5.1-1,
will be used tc further investigate infiltration properties and processes
under varying climatic conditions. Although this information will be
valuable to the understanding of infiltration, the time required may be
reduced {f time constraints or project needs dictate. One full year of
monitoring will be required to sample infiltraticn under winter and sumzer
conditions. The long-term monitoring requirements are more directed to the
control plots in support of the natural infiltration studies, Section
3.2.3.2. Llonger term monitoring in support of natural infiltration may be
required depending on the change of environmental conditions.
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$.2 Milestones

The level, nuzber, and title of milestones associated with the three
activities of the characterization of unsaturated-zone infilcration study
are summarized in Table 5.2-1.

, The information presented in Table 5.2-1 represents major events or
{mportant summary milestones associated with the activities presented in
this study plan. Specific dates for the milestones are not {ncluded in the
tables, as project schedules have been revised from those originally stated
in Section £.5 of the SCP, and are subject to further change due to ongoing
planning efforts.
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7 APPENDICES
7.1 Quality-sssurance -aqQuiremanta
7.1.1 Quality-asssursnce requirsmants matrix

Determination of the quslity status for the acctivities of this scudy
vill be made separately, according to AP-6.17Q, *"Determination of the
lzportance of Items and Activities”, vhich implemsnts NUREG-1318,
*Technical Position on Items and Activities in the High-Level Waste
Geologic Repository Prograa Subject to Quality Assurance Requirements”.
The results of that determinstion will be contained in the Q-List,
Qualicy Activities Lisc and Non-Selection Record, which will be
controlled documents.

QA grading packages for the activities of this study plan will be
prepared separately, according to AP-5.28Q, "Quality Assurance Grading®.
The resultant Qualicy Assurance Grading Report will be fssued as a
controlled document,

Applicable NQA-]l criteris for Study 8.3.1.2.2.1 and hov they vill be

satisfied
1. Organization The organization of the OCRWM program s
and interfaces described in the Mission Plan (DOE/RW-005,
June 1985) and furcther described in
Section 8.6 of the SCP. Organization of
the USGS-YMP 13 described in the
folloving:
Q4P-1.01 (Organization Procedure)
2. Quality- The Quality-Assurance Programs for the
assurance OCRWM are describsd in YMP-QA Plan-8E-9,
progran and OCR/83, for the Project Office and HQ,

respectively. The USGS QA Progranm is
dascribed in the following:

QMP-2,01 (Managezment Asgessment of the
YMP-USGS Quality-Assurance Program)

QMP-2.02 (Personnel Qualification and
Training Progran)

QMP-2.05 (Qualificaticn of Audit and
Surveillance Personnel)

QMP-2.06 (Control of Readiness Review)

7.1.1 September 18, 1990



Scientific
investigation
contrel and
design

Adninistrative
cperations and
procurement

Instructions,
proecedures,
plans, and
dravings

YMP.USGS-SP 8.3.1.2.2.1, RO

QHP-2.07 (Develcépaent and Conduct of
Training)

Each of these QA programs contains Qualicy
Inplensnting Procedurss further defining
the progran requireaents. An overall
dsgcription of the QA Program for site
characterization activities is described
in Section 8.6 of the SCP.

This study {s a scientific investigation.
The following QA iaplementing procedures

apply:

QHP-3.02 (USGS QA Lavels Assignment
[QALA])

Qﬁ?-J.d! (Scientific and Enginecering
Software)

Q¥P-3.04 (Technical Review of YMP-USGS
Publications)

QMP-3.05 (Work Request for NTS Contractor
Services [Criteria letter]))

QMP-3.06 (Scientific Investigation Flan)
QHP-3.07 (Technicidl Reviev Procedure)

QHP-3.09 (Preparation of Draft Study
Plans)

QM4P-3.10 (Close-ocut Verification for
Scientific Investigations)

QMP-3.11 (Peer Revievw)
QMP-4.01 (Procurement Docunint Contrel)

QMP-4.02 (Acquisition ef Internal
Services)

The activities in this study are performed
according to the technical procedures
listed in Section 3 of this study plan,
and the QA adminfstrative procedures
referenced in this table for criterion 3,

QMP-5.01 (Preparation of Technical
Procedures)

Q4P-5.02 (Preparation and Control of
Drawings and Sketches)

7.1.2 : September 18, 1990

-

J



10.

11.

12.

13.

14.

15.

16.

17.

Document controel

Contrel of
purchased items
and services

Identification
and contrel of
items, sazples,
and data

Contrel of
processes

Inspection
Test control

Control of
peasuring and
test equipment

Handling.
shipping, and
storage

Inspectien,
test, and
operating status

Control of
nonconforuing
itens

Corrective
action

Records
panagenoent

YMP-USCS-SP 8.3.1.2.2.1, RO

QiiF-5.03 (Davelopment and Maintenance of
Managenent Procedures)

QMP-5.04 (Preparation and Control of the
USGS QA Progran Plan)

Q4P-6.01 (Docunent Contrel);

QMP-7.01 (Supplier Evaluation, Selection
and Control)

QMP-8.01 (Identification and Control of
Sanples)

QMP-8.03 (Contrel of Data)

Not applicable

Not applicable
Not applicable

QNP-12.01 (Instrument Calibration)

QMP-13.01 (Handling, Storage, and Shipping

of Instruzents)

Not applicable

QMP-15.01 (Contrel of Nonconferming Items)

QMP-16.01 (Control of Corrective Action
Reports)

QMP-16.02 (Control of Stop-Work Orders)
Q4P-16-03 (Trend Analysis)
QMP-17.01 (YMP-USGS Records Management)

7.1-3

Septecber 18, 1990



18.

Audics

L]

YHP.-USGS-SP 8.3.1.2.2.1, RO

Q4P-17.02 (Acceptance of Data Not ,
Developed Under the YMP QA Plan) QE:)

QMP-18.01 (Audits)
Q¥P-18.02 (Surveillance)

7.1.4 September 16, 1990



-~

YMP.USCS-SP 8 3.1.2.2.1. RO

7.2 Relations batvesn the sits {nformation to bLe developed in this study
and the design and performance information needs specified {n the SCP

This section tabulates in Table 7.2-1 the specific technical
information relations between SCP design. and performance-paraseters
needs and site parameters to be determined in this study. The relations
were developed using model-based parameter categories (see Figure 2.1-1)
that provide common terminology and organization for evaluation of site,
design, and performance information relations.

All design and performance f{ssues that obtain data fros this study
are noted in the table. For each fssue, the site parazeters (from SCP
8.3.1.2) are related to the design and performancs parazmeters reported
in the performance allocaticn tables (from SCP 8.3.2 - £.3.5). At the
beginning of each issue group, the performance measures addressed by the
design or performance parameters for the issue are liszted. Parameter
categories, as noted above, are used tc group the design and perforzance
parameters with the site parameters so that comparisons of information
requirement (design and performance) with {nformation source (site
study) can be made.

For each design and performance parameter noted in the table, the
associated goal and confidence (current and needed) and site location
are listed. For each parameter category, the associated site paraneters
ave listed with {nformation abocut the site location and the s{ite
asctivity providing the informatien.

Note - Comparison of the {nformation relaticns (site parameters with
design/performance parameters) must be done as sets of parameters in a
given parameter category. Line-by-line comparisons from the left side
of the table (design/performance parazeters) with the right side of the
table (site parameters) within a parameter category should not be made.

7.2-1 September 18, 1950
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Table 7.2 1 Dertgn oind jut furmek e 133uts ol ol smclers geat 1.0 Ly sesultn wl Thes sliady

Design and Performance Porameter Lotation Parameter Goal ard Site Porenciers Pat emeter Lo ol iun
Parsmeters Confidence
(Cutrent and Needed)

S18c Activity

lssuwe 1.0 Total systea perlormance (str 8 5519

Performance Nessures: (Sipporting parameters needed to evaluste the nominel case and as baseline deta for the disturbed cames.)
EPPR®, disturbed cote C-1, Incressed mater (lun through unsetinsted gone
:m‘. nomynal case, releme scensrio clasy €, weter pethuay release

Patmaeter Cotegury: Fracture disttitation

feacture treqprernty Controllied ares; At GLoal: Nean, Veriarce, frstwe cmity Tenco Mamtam; Su el
tiracture netuorhs) wunits Autocorretation length soils and rechs,
Cureent: Low, Low, Low Rydrogentugic and bediwm b
Recded: Medium, Low, Low umits

Parameter Category: Surfece-water flood end runoff charactieriatics

Expected sagnitude of Shaft tocations; tand Goal: Show «235,000 w’ Correlatiun of -
locel flun change, and surfisce per yr would pesy through surficial matervals

quantitative bounds on sccess shafts properises with spectrol

sagnitude of flun change, Current: Low respomcs

dse to flooding through . Wecded: Rediua

sccess ahefts (ascenarro
class C 1, local of
estenmive INCreares N
unsatuwr ated june
percoletion flua)

Infiltistion rusw0tf mep -
units

- — - ——— - . . e ——y ,

B3.1.2.2101)
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Toble 7.2 1 Design sl geeformante $ysues sis) poramters gl ted by 1wl ls vl IR sty

Devign and Performerge
Perameters

Parameter Loal el $Sr1le Vatowatees Patoaa:lct | we ot tun Sete Actovily

Contiderce
(Cun rent pred Needed)

Paremssier tocatiun

laswe 3.0

total system perlormence

(SLtrs sty

Performance Ressures: (Supperting parameters needed to evaludte the nominal Coe and as basel ine date for the diatubed Cuser )
tnn‘, neninal case, relesse scenaria class E, woter pathusy releste

Relntive lsqud
permesbil ity (wetting and
drawning) (Rock matrin)

Relative Lignd
permesbility (wetting and
oraintng) (Fracture
netword )

ttiectsve poronity (Roch
malrta)

Paramctier Category: Surlace-water flood and rumoff characteristics

famntall cewtl ntrtirst 8.3.0.2.2.1.2

on reiatiuns

Yucca Boantam; Suelicrel
200ls ant bedrock

esposures
- bt 8 N2208
Pasameter Category: Unieturated fone trsnmisaive prupcities
Reporttory arep; Coal: Mean, Varjarce Saturated hptraul oc Tutta Bountaein; Surficral -

Uraatursted-zone wnits, Current: NA, WA conductivity sotls and bearoch
everturden Reeded: Medium, Low esposures, hydrogeotugie
and Dedeoch units
- Goal: Mean, Variarce Urnaatur ated hydr aul 3¢ . -
Current: BA, WA conductivily

Beeded: Low, (0w

- Gual: Mean, Veltane,
Auvtotorreliation Legih
Corrent: A, BA_  MA
Weeded: Nigh, Matius, tow

€Y ‘1°7°2°1°€°9 45-598a-4X8
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Toble 7 2 1 Derign wind pro forment € 3133ty oind PO ametel s sggan (4.3 Ly 1€ty Ul Ihiy sty

Desipn sng Perforsurce Pasomeier Location Parameier Loal sed Site Petemxcicrs Patongict Lunatiton Seife Actavaty
Parameters Conlidence
(Current and Beenied)

Issue §.1 totel system performurne (Mr 831

Per termance Messures: EPPR®, nominel cose, releme scensrve class £, weter pethuwsy relesse
(Support ing paraseters freded 1o eveluste the nasinal case and a3 Desel ine date fur the O tusbesd ¢ mrer )

Parameter Category: Unteturated 2one SLOTRge propes tiey

Np: average effective Reporsitery ares; Cosl; 0.1 Potovity Tutcs Pantem; Surfneeet 83022018
metria porosity, Umaturated rone Lureent: tow sorls and rendy,

repository aren Needed: Bigh hydrogeologic ams bk o b

watur ated rone . [ 1§

(rcenario class €,
namyna | un)b

Rolsture retention Rerpornitory ares; Goal; Mean, Variare - - as3v22018
twetiing and draining) Unsstursted-2ene untts, Curtent: Medtum, Redium
(Roch matrin) overtaw den Weeded: (ow, LOw
Molsture cetention - Goel: Bean, Yarianxe
twetting and draining) Current: NA
(Fracture network) Weeded: Low, 10w
Porometer Category: Umsatuwiatnd tone fluid tHue
q,: sverage flus throush Reporsitoty sres,; Goal; <0 % mmrye Coapnite e pote al does Tene o Maortotsn, Smlogut B3V 000
repository area in UNsatuf 1S Jone Gt eent: Reduum 30182 aref Lrde b
1At 210 Tune Wesdrnd mIgh Cogervime v, pewt S04 0 0)
(scenario clovs €, Ry o ulepie ool Lmdens
nominal case)® seet iy

:. ‘ 2
e g
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labte 7.2 1 Uessgn wnd nilotmern e sasimes oind pat smeters QPR Tash by 1 enlly 0wl This iy

RYP L . —_—— e e - e aie e e G em e wre m— -+ s = [

Desipn and Pertormerce Pataseter Ltocation Parameter Coal ems Site Patwamicer Forameter Lutattun S11e Activity
Parameters Contidence
(Cuwrrent aned Mervded)

issue V.0 Totsl system performence (P83
Pertormence Ressures:

PO It e R - s wm e e Ve ma— -

Paremeter Category: Umatursted tone flutd flua

Infiltration sates, net TexCa Mountatn; Sarfsctel B.3.1.22103.2
sails and bedroch
- eaposuresy
Infittration rate>, Tutca Nountan; Sweficeel g
surfacs . satls ang Bedrock
exposustes, surficiel -
hydrogeotiogic and Sedroch
wmts
flow velwm oy Tigeo Poumtein; Sumlrel B33 2218
soils and beren k
espurse
Mo imm hd -
afCfecoat sl rtteatseny
18t
Masymen infiltratiun tete - -
Satuws atnt - -
NMydrauvisc infittatson
' rate
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Table 7.2 1 ODesign siuwd pei fusmarnc e 183UCs aind parameters suppurted Ly sexsults of this staaly

Design and Perlormance Paraseter Ltocation Patveter Loal ard Site Paiesacters Poteometer Lqativn Site Attavity
Parameters Confiderce
(Current and Nerded)

fssue 1.9 Weste pachege and repository engineered berrier system release rates (3P 8.3.%5 1)

Performance Messures: Concentrations of radiomi ide species In gas phase, Liquid water, and acharbed 10 solid phases wiihin the neor il hust
rock.

Parameter Cotegory: Unssturated Jone L(7aNsmIASIve Propefitey

Bost -roch hydrologic Primery sres; 15w Goal; Properties hnown Satureted Ry sul ie Tuces Moantain, Swvbicial B8 30,2218
properties {weste pechege with accuracy suflscient condx i bvity s0ls end bedrouk
envIrorment ) ° to calculnte dillerences esposures, Py ogeulugie

in flow through the and bedroch units

rear-field rock resuiting
from snyicipated ond
unanticipated events
Current;: Llow

Needed: Migh

nssturated hydroul e . . -

cordxtivily g
o
L]
[
w
3]
"
L]
w
L]
o
LV
[ d
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.
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Toble 7.¢ 1 Dexige ainf pei Tormence $330cy arud DATAmE(el> Sigput Ve Ly sesully of thiy stuly

Desipn and Per fotmant e Parsmeter Lnation rotametes Luosl orvd Site Patoneters

Patascters Contidence
(G s ent arul Nevded)
Issue 3.8 Pre-wasie-caplacenent, prownd water travel Cime

Fartomries | wi ot 0aub St Avtavity

(15tP 8 3.5 V)

Performance Messures: (Supporting parameters wned 1n calculnting perforasnce perameters 106 gioung water trovel time.)

Souvdary of reporitery- induced changes In effective fracture porosity

Cround water travel time®, Vepupsh Spring welded wnit (secomtary feltome)

Cround weter travel u-'. Catsco Nilla non welded, viItric it (primaty faltonce)
Cround-weter travel timeS, Calico Mills non welded, zeolitized unit (primery selisme)

Parameier Cotegory: Fraciure disiribution
Coal: Mean, SCor SDev frmc e thtnity

Current: Low, NA, NA

Needed: Medum, tow, Low

Reporitory area;
Unsaturated gone, esch
gechydrofogic unst below
Fepository

traciure trequercy
(trattures)

Parameter Category: fracture orientation

- Guel: Mean $Cor, SDev fracture wientatiun
Current: MA, N8 NA

Needed: low, 10w, Lo

fracture ortentstion
(fractures)

Parameter Cotegolfy: Umatwi aled 10ne I14MAISIIVE Pl ugn Tier

Petmesbrinty, relative - Loal: Mean, SCur, SDev Satuwolecd Ny ks ared 2

tFractmes) cwrnh g Bovoly

(ootrent; MA, WA WA

necded: low, tuw, Vuw

Tece Baatain, Saifscret B8 31 2213

201ls s fondy,

hydvoyeulioygit aml tahwm b

aniis

» » Y

-
74
~
(94
w
(3]
w
.
w
v
(-]

Tont o Meamelatng, Sem boe tal 83V Y

wetin ol laidegn b F-

coparnm ey, hgib uye el g, ;.:
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Teble 7.2-1 Design amt pet lormance tasues snd parameters supgur tod by tosulls of this stuly

Dexipn and Performence Parameter Location Parameter Coal and Site Patomciers
Parameters Conlidence

{Cwrrent and Weeded)

Issue V.8

Pre-waste-caplacement, 1ot water travel tyme

Parameter Lotation

e 8

Pestormance Messures: (Supporting perameters wvaed In calculsting petformance perameters for growanst wetes travel time. )

Seundery of repository- induced chonges 1n atfective fracture porosity
Ground-water travel Ci1mm®, Tepopah Spring welded unit (secendary relrence)

Cressd-water travel teme®, Colico Nills non-welded, vitfic umit Iprimery felsance)
Cround-weter travel hn'. Colice Nilla pon-welded, 1e0l1tiaed umit (primury relisnce)

Permeabdiisty,
(Rock mess)

Permeabilaty,
(Roch matrin)

Permeabilsty,
(Fractures)

Permeabitsty,
tRock masy)

Peiscabiloty,
(Roch materis)

—————

Pacameter Category: Uinsaturated 20ne LramBissive prupesties

relative Repositery ares; Goal: Nean, SCor, $Dev Unsaturaetcd hydreulsc
Unsstursted zone, each Current: WA, NA, WA conductivity
pechydrotogic wnit betow Needed: Mediwm, 10w, Low
repository
retative - -
saturated - Gosl: Rean, SCor, SDev
Current: NA, NA, MA
Weeded: Redium, 0w,
Redium
saturated - Lual: Nean, SCor, SDev
Corzent: NA, NA  NA
needed: Bigh, low, Medium
seturated g Lusl: Reen, SLor, SUrv
Corrent: Tow, BA, MA
Needed: Migh, Niph, Nigh

Tucca Rountamn; Surficeal
soils snd bedrock
erposures, hydrogeolougic
and bedrogh units

Site Activity

3$.5.12)

8.3 1.2.2.18
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lable 7.2 1

Design and Pertormarce

Porameter (Ocation

Porameter Gual ondd

Site Paramcters

Dens 1o ornl pact fufMmarn € 1530y i) Patomelers dgpmit fadd Ly 163001y ul This sisaly

Patoneter LOcoldend

Parnmeters Contiderce
(Current and Needed)
Iasue 1.6 Prea-weste-euplacement, 9fownd water travel time (P 83312

Peflormance Pessures: (Supporting paranciers wied in calculnting performence parameters for prowems weter trgvel tine. )
Sourdiary of repositery 1nxed cha.ges in effective fracture porosritly
Grourd-water travel time”™, lopupsh Spring welded wnit (secondety relinnce)
Growwd-weter travel u-'. Cafico Nille non welded, vilric «nit (prissry reltame)
Ground water travel time®, Colico Nills non welded, 2001180200 unit (Primery fetisine)

— -

Parameter Category: Umaturated 20ne LFANLMIALIVE Prupas Tiey

Porosity, effettive Reporrtory srea;

(Feactures) Umaturated zone, each
gechydrotegiz unit below
repository

Porosity, effective (Rock -

-

Poroyity, elfective (Rock
;matfin)

ReposiItory aree;
Subnw face

fracture and Batris
satwrated perseabilsty

Goal: Mesn, SCor, Shev
Curcent: NA, NA, A
Reeded: Low, tou, Low

Gosl: Rean, SCor, SDev
Cursent: WA, NA, WA
Weeded: NIoh, Mecdiue,
Nedise

Goal: --
Current: -
Needed: -

200e Mlivity

P T
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Tole 7 2 1 Uextgn we) ot ik e 1330e3 @iw) Pdl ameter s pggms teed Doy 1¢3ulls Of they slaly

Derign end Performarce Paramcter Lucatiun ratemeter Loual and

Parameters

Contrcence

(Lurrent and Weeded)

Site Pas o tess Yot omcict s el i

Site Avtavity

lasus 1.6

Pre-weste-amplocenent, ground water trovel time

Perlormance Nessures: Boundery of repositery- induted thanges In elfective fracture porosity
(Supporting perameters used in cotculating performence parameters for growel weter travel time.)

Ground-water travel li-', lopopeh Spring weloed umit (secondary relvarce)

(scr 8.

Ground-weter trovel n-'. Catlsco Nills non-welded, vilric wntt (prisasy feliame)
GCrensvd-weter trevel u-o'. Calico Mills non-welded, 2eclitized it (pricery reliome)

. ——— —— - —— —— - —— - &

Porancter Lateguiy;: Umaturaled 2oNe (FANMINLIVE 0 jae 1€

tftective porority and Repository ares; Goal: --
porosity of the (racture Subsurface Current: --

network, fault 20nes,
sock onss, and mateis

Nossture-retention curve Repository afea;

Parameter Category: Unsaturated-tone $3orege propestiey

Goal: Mean, 3Cor, SDev

(Fraciures) Unsaturated zone, each Current: MA_ WA, WA
gechydroliogic unit betow Needed: low, Low, Lus
repository

MoIsture-reient 10N Curve - Goal: mesn, Slor, Shev

(Roch mass)

Current: NA, NA, NA
Reeded: Redium, | 0w,
Medium

Porosity

Yucca Bountain; Suw il
sotts amd ronbs,
hydrogeulugic el tadiin b
units

$5%.12)

8.3v2.21%1

831221

C

7°CT°1 €8 45-5980-3RA

.- e
.

7




1t-2°¢

0661 ‘81 a3quaadag

Toble 7.2 1 Design sns perlormume I3sues and poramelers suppart i) by tesulls ul Ry staafy

—— - - - e e m——— . a— = - fee m= — - -

Deatgn orwt Per formance Partamcter Luxotron Parsmeier Luel orud Sitle Veor wmier o Vot secter §u of s SIse Attavety
Porameter Conlrderce ’
- (Cwtrent snd Neested)

—— - . e —— Cem e e s el . c . ——— e . aem

tasue 1.8 Pre-waste - eoplacesent, 9o water travel 1ime NP 815 1)

Per tormance Measures: (Supporting parsseters wied 1n calculnting perlorsance parameters fof ground water travel time.)
Boundary of repesitory-indxed changes in effective Ifacture porcaity
Ground-mater travel time®, topopeh Spring welded umit (secondary reltance)
Cround-weter trovel 11me®, Colice MIlIn non-welded, viteic wnit (pridery reltom )
Cround-mater travel 11me®, Catlico NIt non-wetded, 2eotitized umit (primary relinnce)

o = m—

Fotameter Lategory; Unatusated gone 310fege plupritice

Rorsture retention curve Reporitory srea; Goal: Bean, SCor, 3Dev '
(Rock matria) Uraaturated zone, each Cursant: Low, WA, NA
geohydroiogsic unit Delow Needed: Nedium, Low,
repotitory Redrm
Poroarty, totst ) - Gaal: Nean, SCor, SDevw
(Itectures) Current: WA, RA, BA
Needed: Pedium, Jow,
Pedium
Porosity, total (Reck - Goat: Mesn, SCor
satria) : Current: Wi,
Neoded: Raigh, Nigh

C e ————— - ® o —— -

£ 2 d5-5950-4ws,
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Table 7.2 1 Destipn sl pertormance issues sl parameters saggas ied by tesolts of

Desipn and Pes formarce

Parametier Location

Pacameter Goel and

Site Patamciers

this sludy

Posaseter Location

Pocameters Confiderce
(Current and Becded)
Issuwe 1.6 Pre-warte-saplacenent, grtown) water travel time

31te Actavity

(Ke 835 W

Performence Ressures: (SAEporteng Peranetars wied 10 Calculsting perlormance porameters for 9rurs) weter 1rovel Bise )
Souwxiery of repositery-1ndated changes in effective frocture pecmmity
Cround-waster trovel t1ma®, Pepopeh Spring welded unit (secondery reltonce)
Cround-weter trovet tiae”, Coatico Mitls non-welded, witric umt (primery relisnce)
Crord-weter travel trma®, Colico Mlls non welded, zeol1tized umt (prisury reltonce)

Pressure head, matrie
potentssl (Fractures)

Pressute hesd, matric
potentistl (Roch matrin)

Satucation (and moisture
content) values as &
function of depth and
teteral spatis! lecation

Pressure head values as a
function of depth and
leteral spatisl locetion

Pataseter Lategory: Umaturated jone Flutd potential

Repositoty ares;
Unseturated zane, esch

peohydrologic unit below

repository

Repository srea;
Subnurface

Coal: Rean, SCor, SDev
Current: DA, WA, BA
Needed: Nedium, Low, LOw

Goel: Pean, SCor, SDew
Current: tow, BA,  NA
fieeded: Medum, Lom,
Nedium

Goel: --

Current: --
Needed: --

§ ——— e - e ¢ et

1 tow pethuays

Mater putemisel -

flow pathwey

Nates goitantial guultics

Plom pathweys

_— e E——— - ———— — "

Tvzco Mourtamm, Surfictel
sotls and rochs,
hyOrogeoliogic arf bediandh
wits

Tettd Banaetates, dSenfotol
rdla and lades. b

Cajn, N XY

83t2e211

nsvez2Ve

2T 1 C'8 45-5S08-da8
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Tobile 7.2 1 Devign wnd puifotmance 155ues sind pifametels sigputte-d by seautly of e 3ty

Design and Performence
Parsmetes-

Porameter Location

Patameter Loal pnd
Confiderce
(Current and Needed)

——

S1te Poreniery

Partameier LOCat bun

Site Actavily

issue 1.6

Pre-waste-empiscement, g10und water travel time

(SCP B,

Pertormence Ressures: (Supperting perameters wned In caltulsting performance perameters 10f §rwest wates teavel tise.)
Sousuisry of reporitory- indxed changes In effective fracture poronity
Groamd-mater travel u-‘. Topupah Spring welded vt (secondary reliame)
Cround-water trovel time®, Calico MIlis non-welded, vITIIE wnit (primery feltwne)
Ground-weter trovel n-’. Catice Milis non welded, 200litized NIt (Primaty seltome)

-—————— - e

Motsture content,
volumetric (Fractures)

Moinsture content,
volusetric (Rock matria)

Saturation (fractwes)

Parascter Cotegory: Umatuteted tone fiuid potential

Mater potential profiles

Parameter Cotegory: Unsetursted jone mnystuce conditrons

Repository ares;
Urasturated zone, each
grohydrotlogic unit below
repository

Gual: Mean, %Cor, SDev
Curcent: NA, RA, NA
Negded: Bedium, Jovw, Som

Loal: Mean, SCor, SDev
‘Current: fow, MA, NA
Needed: Nigh Kigh, Migh

Loel: Reon, SCor, SDev
Cureent: MA, NA, MA
Necded: Medium, Low, fuw

Cravesets 1 waler cuntent

Sutfictal mulce tal wales

content

Mater suntent praliles

L —— ——————— v ————. . =

— ~ oo .

Teg £ Mountain; Surfacist
soils and Dedarocd

esporures

Veme @ Phamtedn, Sew fisrad
soils omd 1 by,

Py uprulegic sel lathead
units

Vont o Roumtanmn, Surligral
sultls ond tandiin b
rapusel T

$.%5.10)

85.1.2.2.1%

B3V1eewd

TTTTUL 8 d45-528a-4dRy,
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Toble 7.2 1 Destgn sisd pes fUIMAnK € 135uEd o) Pal dmeters sl Lavd Ly 1esults

Desion and Pefformence

Porameter Location

Parameter GCoal arm

—_—————--

Site Pasomrires

of 1hix steaty

Pot ametet LOCat )N

srte Actavity

Patamters Contidence
(Cursent and Needed)
Issue 1.6 Pre-wesis-enplocanent, ground-water travel timm (SCP B.3.5.12)

Perforasnce Messures: (Supporting perameters used In calculating perlormance perameters 1or growy] water trovel time.)
Soundery of repository-induced chonges in elfective fracture porosity
Cround-uater travel time®, Topopah Spring welded umit (secendary reliance)
Cround-water travel time®, Calice nilis non-welded, vitric unit (prisery relionce)
Cround-water travel time®, Calica Nilln non-wetded, 2eolitized unig (prisery relisnce)

Saturation (Roch matria)

Nolsture retention curves
for wetting snd draining

Hus (P

Paranier Latepory: tMeturated Jone MOIStre Cusulitlony

flepostitory ares;
Unsaturated ane, esch
pechydrologic unit below
rtepository

Repository afes;
Subsurface

Goal: Mean, Stor, SDev
Current: Llow, NA, RA
Needed: migh, Redium,
Nedium

Vater -content protiles

Paremeter Category: Umatursted-tone fluid flus

Controlled ares; 15u®

Goel: 0.9 mlyr*

Current: Low
Needed: O

Evepuli atrspis @l v

Yutca Bontein; Surlicial
sotls end bedrock
eposures

Yuces Rountain; Swrfictal
soils and rechs,
hydrogeologic smd bedroch
untts

Tt d Muamtatn, S focrel
sutls ‘ad bedrod b
espusares, S frgcral

bkt ogenlugit smnd e v b

untis

e e - .- - - -

8.81.2210.2

8.3.1.2.211%

asveetre

6
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U1 L8 45-508N-aK!
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teble 7.2-Y

Destpn anxd Performance

Parameler Location

Pot ametier Coal anvt

Site Petomwivss

Parameters Contrdence
(Cuscent armd Necded)
jasue 3.8 Pre-uaste-emplacement, gfound sater travel Lime

Performance Neasures: Groundd-wster ¢revel n-e'. topopsh $pring welded unit (secondary relisnce)
Cround-water trovel lime™, Colico mills non-welded, witric unit (primary relisnce)
Crouret-woter travel ti-'. Calice Milte non-weided, zeolitized unit (priswry felionce)
(Supporting persmeters vied in calculoting perforsance parsaeters 10 9fowsd water travel tise.)
Bourdary of repository-induced changes in effective fracture pu_hny

Distarce slong flow paths

flus ()

Distarce along flow paths

flus 9

Paranetar Category: Umaturated zone fiurd fius

Controlled area; (Sw

Controllied atea;, Chnv

Contzollied ofce, LHn2

Goal: »10 m» ¢Y0M)
Current: Nedium
Needed: Low

Goal: «0 % mw/yr
Current: Low
Reeded: Migh

Goal: »2.9 a (100X), *25
- (80%)

Cutrent: lu', ton!
Needed: NIGh, Nedium

Luel. <0 5 sen/ys
Curtent . Medium
Needed: Migh

Infsttsetiun rates, et

Infsltretiun totes,
sur face

flom velnm ity

Mgatonre
artatrtratl slrttretien

Tale

Derrgn ond performance 1asuey amd paremetess sgppol (e by cesults of 1hiy stualy

Patonrter Lutaldun

Lite Actawity

(str 8 35 1)

Yuced Mmentamn; S frgtal
worls end Dot h
esponnes

Nicea Mantain; Saticral
sorls and bedrech
espornwes, surficiat
hydrogeotogic and Dedhen b
units

T ca Mountern, Surlsclal
sorls and brroud
PO ©S

astezve

831221}

1 €8 45+508x-dwa

-
.

‘-
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leble 7.2 1 Derign srad per formance 135uts mul parameters supput tesd by esulls of this sty

Desipn and Pertormance

Parameter Luwation

Potamgier Goal angg

Site Patametiers Pot omelel Lougatlion

Parameters Confiderce
(Current and Beeded)
fasue 1.8 Pre-waste-smplacesent, S1owsvd woter travel time inrs

Performance Nessures: Coound-meter travel free”, Colice Mmitts non-welded, peclttiped umit (pricmy relionce)
(Supperting paraseters wied In Colculnling perlormance parameters lor ground water travetl time.)
Sourvisry of repository tndued changes In effective lracture porosity

e @ 5 e s ————— M ——— A ———

Distarce aleng flow paths

flus, percolstion rate
(fractuces)

flua, percolation rate
tRoch matria)

Groundd-water percolation
flua st the top of 18w
(portion of lopopah
Spring welded umit
proposed (or reposttory
unit)

Potamiet Category: Imatweted 2one flusd Hlue

Cantrotied area; (Wng

Reposstory ares;
Urasturated sone, 15«2,
repository level

feporttoty atea;
Subsur face

Goal: »2.% m (100%), »25
» (B0X)

Cutrent: tow!, 1on'
Needed: Nigh, Redum

Coatl; Mean, SCor, SDev
Cutrents RA, BA, Rednm
Needed: Redium, Low, LOw

Goeal: Mean, 3or, SDew
Current: BA, BA, BA
Reeded: migh, Neduum,
Nedium

Cual: -
Curgent: -
Neeoed: --

T ca Romtarn; Surfiirel
sotln ot Dechoch

eaposis ey

Neatmm nfsitretson rate

Seturatey
fydrsulc infitssation
rate

ste Activity

3% 10

8 3.1.2.2.1.%

T T T €8 d5-8098a-28
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Toble 7 2 1 Devign o pei futment € 13uUry ad pet amelery MRt tand Ly cesslty of Thiy slaly

Destgn and Per formence

Patameter tocation

- et m e ———— . — i p—— .- .-

Patameter Loel and

Site Portonctivery

———— e

Porameter | OL ol tun

Site ALt vitly

. e w—— e e

(WP B8 3¢ )

Parameters Cantioerce
{Cusrent snd Reeded)
fasuwe 3. 10 Waste package choracteristocs {postclorure)

Pesformarce Neasuren: Poch- Indned 10od an warie paclege
Ouantity of L1gurd water thet ¢coan contact the containes

tracture ofientation and
demity: awverage spacing
mithin each borehole

fracture orientation and
Semity: set
tdentifrcation

tor Topopsh Speing tult
at seporsitery hortzen
(ls-llb: frsctne

spacing

fretture oftentation and
density: distribution of
orventst iun

Reporitory ates;
Repository Dlach:

Porameter Category: lisctune didiritastion

1562

Cutrent:
Reeded: Nigh

Ctrent;
eeded: Nedium

Frachss e ity

Paremeter Category. tractine urrentetion

(urgent:
Needed. Migh

Taoctuty uitrntation

Tkt Faneriain, Sem $0e 1l
sorls and cechs,

Nyovogeotlugic ot fandk w b
wntils

Tnte Punarlain, Ssfourel
sty mind testbs,
hyde vyeulog it ain) Lardssn b

TR

s8s12211

830

' P 25-505-dR

1
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fable 7.2 1 Derign wad jurs tormence 133wt ond parsaciers signmt tedd Ly 1esulls of

Desipn and Perlormance
Partameters

Parameter Locdtion

Parameter Goal anct
Confidence
(Current and Needed)

Site Paronccicts

thiy stialy

Vet ametel Lo ation

Issue .10

Performance Measures: Ouantity of 1ignd mater that can contact the container

Veste package characteristscs (postclosure)

Single phere flurd
flow;relative
permesbility (water
cquent ity)

sSingle-phese fluid flow;
fracture permesbility
(water quentity)

Two-phese flund tlow;
relative permesbility
(water quantity)

fwo-phase lud (low;
fracture permesbilsty
(water quantity)

— ——

dite Activity

scr8sedd

Paramster Category: UMATUrated Jone traMEILLIve Pruger ties

Wasle pethage near-lteld
erwIturment; 13w

Goal; o/- 21}
Lucrent: --
Reeded: --

Setur alesd by sl 02
condAxtivity

unsatut ated hydraul i
condxciivily

Tt €0 Mnmtain, 3w fotal
awtls and v enk

esposutan, Py ogeuvivyte
asnd Dedract units

8312210

T T 1 €2 45-508a-dRL

A
.
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Vesign awd Pet formart e
Poramcters

Tebte 7 ¢} Design wre) pay formance 133urs o fref amelersy

Partameter 3t atien Vot amrter Lusl oind

Confrdeme

(G g el oenl Weuded)

tasve 1.10

Uatte poackage characterintivy (pustciorwne)

Performance Nessures: Cuantity of Ligud water that can contact the container

S8 Patwsxinr

Single-phase flurd flow;
degree of saturation
(water quentity)

wo-phese fluid (low;
degree of saturstion
(mater cquantity)

Pacameter Category: Unsaturated fone marsture condsltany

Goal: o7 Y

Waste package neas freld
enviroreent; ¥Swd Lureeny:
Needed;
- -

Gravimele 36 welll Cuntent

Sut f9e 10l Mmetertal weter
content

Water cuntent profiies

C—— e s e o a—

sggam o) Ly tesults wl thiy slealy

Vot Sauict §4n ol boute

MPr B 3e?)

. — - ——— & gm———

Vg a Naantamn; Susticral
sotls and socis,

hyct ogtulugic aml Lesian
NIty

Yucca Bountam; Surfn el
soily and bedren b
eaposar ey

Tt e Mastetn, Suw ficrel
sotls sndd rumdsy,
Pydt wpeinlengiy oad tahoad

(L1103 R

0l Avlivvely

¢V

('8 dS-SOSA-dRL

B
L]
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Table 7.2 1 Derton asd perfoimarce 1ssues mul parsmelers sugpr tod by fesulls of this stwdy

Desipn and Pes tormarce
Parameters

. — - s P —_—— ———

Parameter L ation Porameter Loal and Patemxier L aliun sSite Actavity

Confidence
(Current and Neced)

Site Poarancicls

fasue 3,10

Wante pachage characteriatnns (pusicliovre)

=t ————— - . . r——— ey e O s ewmra ——— - eema  tee

(MNP B Ss 2)

Per turmanc e Measuren: Ousntitly of Liguid water Thet 1on Luntent the cuntatner

- ——————

Yater quantity:
single-phase flud tlow

Weter quantity:
two-phare flurd flow

Parameter Categoty: Unsaturated sone fluid flus

fepository ares;
Reposstory block: TSw2

Curgent:
Needed: Bigh

fvapotzempiration

Intilteatsun rates, Net

Infilteatrun 1ates,
surface

0w veltwm ity

Srtalra el it ittsalsun

e ——. -

s Puntain; Surfsciet
so1ls and bedroch
esposures, s ficiol

hydrogeelogic and bedrwm b
[T 11 1%

Toucco Pasiam; Suw factal
»81ls and bedra b
eIpoONAL LS

Tt @ Bostatn, St e dat
sorls and bedesmh
espownses, s licral
Pydi1 09e0lLdic mad Dedian b
wnits

Tt e Pounteoin, S fietal
2010y oruf L e B

TopRemd Ty

a.sv2.212

Lo
e
-
-

LI

0¥ "1°2°7° 118 45-5950-3RKA
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lotle 7 2 1 Dervion wsd i luiMmune 13500y o) Dol Melers dggan 1o by s€vulty uf thiy alely

-~ e - e et e o —— — - —— - -

Pt et tes §an ol datd

Design amd rumme_ Porpagier Lu atiun Pacamrier Loal anmd Site Peroawrters
Parsneters Confirderce
(Current amd Becded)
1ssue §.20 Waste packege cheracteristany (portclowune)

Per lormante Reasures:

Pasonmier (ategory. Umatuw ated gone flutd hae

Reaymm Infolttation fale

Soturared
hydrautic intaitration

rate

taswe 1,10

Characteristecs snd configuratiom ol ceposilery and ongincered barriers (pntcloswne)

Perlotmernce Reasures: Potentratl for signifinaent displacement {see furue 3 3)
Stress, Oclormation, faclor of salety, and potentral foch letl
Eatent of change N saturalton ang waler ¢hemisiry

Joint stnauternce (15wd)

Patometer Category:. Feavture distritation

Primary otea snd Loal: See SLP lalide 1ran ey chennity

estemion; 1Sw? 6 1y
Current. Lo

Needed: Redium

. — —— e — - —————————————

- c e ———— e - -

ur B
TutCa Mantain, Susftutel
soils el Dedrord
eaposul >
»
(e 8

Yent o Mnastatey, dn F1, 0.4t
sutls @vf sy
Ay oygrologtt g ladice s

unils

- —— e — - — - —————

Mte Attty

14 2

03.%.221%3

32y

T8 45-$952-dKr

a3y
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Joble 7.2 1 Dexign sind gt Tormante 1331y ool Pafomelers supgat tesd by 1esults ol thiy Stealy

Oertgph anvl Performerce Paremeier Locatlson Pareseter Loal ervd 1te Porannrter s
Parameters Conliderce
(Current and Nerded)

Patemetes (ol

Issue .10 Choractaristice and configuwations of reposstory and enginees v barriers (pustelusule)

Perforsance RMessures: Stress, deformation, factor of safety, and potentiat rech fall
Potentinsl for significant displacement (see issue 1.1)
Catent of change in saturation snd water chemistry

Poremter Cotegory: Framturc dingributiun

Joint shharudance (I5w), Primiry acea and Lual; See SLP lobie
1543, and CHAY) entermions; 15w}, fSeul, & 1*
- Conl Current: Luw
Weeded: Low

Parameter Category: Fracture orientation

Joint spatial orientation M.'t-q srea and Coal; See SCP Toble fracture ot rentalion

(1%w2) eatemjons; 132 e-15%
Current: tow
Reeded: Pediun

Jownt spattal orientation Primiry et ea ang Lual. See 3P lobie
(1Se), 15«3, ang CNal) extemiun; 1Swl, 1503, s 18t
on) Cinrent, Luw

Wecded. L Ow

—— - —

e 8.

Tucca Nontatn, Swfictel
s0ils and rochs, .
hydrogeviogic et Lt va b
units

yile Avlovity

120

8312208

2°T 1 ©°9 45-5952-4K8
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Toble 7.2 1 Destgn &1 prrfurmence 13sues aref par amelers supported by 1€3ults ol LRI alialy

Design amd Perlormance " Parmmsrer Lotation Poreneter Lual ond Si1te Patencions
Pursmciery Contidence
(Cursent arel Berden)

Pot odliel (X alitn

v — - .- - 4. e - . wmemm % ecs em

St Actavily

Issue V.11 Characterintics and configurations of repository snd engineered barriers (pustctosure) Mr 8 3.2
Perlormance Measures: Entent of change 1A SAuretion ond water chemistry

Parameter Category: Unsaturated 10ne moisture corsfiffons
Saturation (During Prisery atea ardd Loal: «90% Gravime(s 1t water content Vixca Mountain; Surficeet 8 3.1.2.2.0 10
devetopaent srourd the eatemibon; 15w Current: tow soils aned recdy,
encavations) Needed: Nigh hyat ogtolugic Al Lo b

Sutfinsel matco tal welen
content

vater -content prufties

. e EE—————— -

(Y, 1] £

Yo ga Nountain, Surlicriael
sotls and bedrock
csposures

TS Pountatn, Sufficiel
sotls smi rocks,

Nydt ogeuluygic oMl Lendian b
Wity

-———— e W =

a.3.1.2 I.l.lg

s

8312140

Ty U8 d5-S

1
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Toblie /.2 1 0Ler19n wat pot formarne 13sues oiad Parsmeters suppor ted by fesulls ul 1Ay staly

Design and Performance
Parameyers .

Parpmtier Location

fsave 3.102

Seal characterinticy

Peclormence Reasures: Buaniitly of water
Busniitly of water
Drsinage capacity

Paremeter Loal omd
Contidence
{Cwrent ami Needed)

Site Pasoneciers

e e ———— - - —-—

Geadation of alluvium

fracture characteristics

Paremeter Cotegory: Ruck-unit leteral and vertical veriablny

Shalt tocatsoms, mostly
mthin 15 m from shatt &
borehole locations; Near
surface

Goel: Determination
throuph stenderd sieving
analyses

Current: Low

Needed: Mot applicable

Bedt s vulttop

$So1l o) slluvium
thichness

featine

Poremecter Category: fostlure diatsatat iun

Repository area; (Cw

rin

Cuat; <20 tractwnes/m
Current: Low
Neeved: Nigh
tual: <10 tractwery/m
Carsent,. tow
hecded: nigh

bractuie ity

e —- . e - =

Potomeier Lur ation

(e d

Tuce s Nountain; Surficiel
w018 and rochs,

Nyt ogeclogit and Leth wd
Wity

Site Actaivity

sy

8 3.1

2.3

vV tog a2s-sosaany
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teble 7 2 1}

cammw ame --—— e — -

Derign and Performarke
Parameters

Patameter L0t IOn

Porameter Coatl ond
Conlidence
(Cwrent and Necded)

Issve V.12 Seal cheracteristics

Pesformerce Mesrvures: Ousntity of water
Drasnege capetity

Site Paramter s

Porameter Category: Suslace woter f10od srl funult thetetcts iatiey

Ouantity eof water duse to
surface (looding events;
100 and 00 yr fioced and
probeble ganimm flood,
including stea of
trandation snd Oedeis
load of tiows

Shaft, ramp, and borehole
lecations: Land surfnce

€S ¥, €S 2, ' and £
shalts;

Ragnitinte of water
enter ing shelts

- — - — = em e e W

Gual: lnndation mepn
with efevetion of
ymsvisted srea to within
/- 2m

Current: tow

Needed: Redum

Goal; Determine
topography of desinage
srea wsing 2 m confours
Cutrent: Rediun
Needed: Redinm

Goel: s130 mbsyr per
shaft consdering
SNLICIPet & Pron €. .0
Correns; Lo

weeded: tuw

Cotretattun of

surfrcial matestaly
properties with spectiel
respornes

Inhitteatiun cunutt sup
wnints

ton selotrony

o st er———————

Rontall svawitl inleitrat

Uer1gn amnd jacr tormern € 33500 il praf Smeter s iggast 1) Lp avsebls ol this staly

Pus onclee | ot ity S1te Actiwity

—————— v 4 e emtam e ma o=~ =

1P 0.3.3.2)

Twea Mamten; Smfscial 833221010
aoils and rochs,
hntrogeolugit and b b
wnts
- -
2
-
Tt Musitetn, Maticial B3 0.0 20 5'3
sutls o} Lt d ‘."
espurnid €5 :c
[- ]
—
v
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Toble 7.4 1 Dextgn el prrlutmarn @ 133ues arm) peramelers suppot 100 Ly 1esults of This vlady

Desipn and Performance
Parameters

Parameter Location

Parameter Goal and
Confidence
(Current snd Reerhnd)

Site Pareawlers

Poltoaeies tunalbtun

Issuwe 3.32

Sesl characteristics

Performarce Reasures: Guantity of water

- —— - = a—

Sitle Avtidvitly

(scrd§3.2)

Saturated hydraulic
conducisvity of slluviim

Saturated tasth-rock
hydraul i conductivity of
Tive Conyon Reuber

tatent and hydraulic
conductivity of modilied
permeabiility tone (1)

mseturated hydraulic,
malrin properties

Parasepter Lategory: Umaturated 20ne 178nsmissive Prigor ties

nithin 3 = ot shaly
tocation; Besr surlace

vicinity of shaft
locations; 10w

vicenity of shaft
tocations: ICw; TSwQ

vicinity of shalt
lucations; 152

foel: ‘l“’,l.‘l
to’ [L ]

Current: Low

Needed: Redium

Gost: Less then or equal
to 60 times the
uisturbed, rock mass
saturated Rydvsed re
conddx tivity, sveraged
over one rad1s from the
wall of the shaty
Current: low
Reeded: Redive
twot. 1a 108
10 2] a/s
Cuorrent: Low
Needed: Medium

Saturatend Ry ool 0¢
tondgtivity

Urnsetursted hydsautic
cordhuctivily

Tencn Baetoin; Surficiat
sotls snd Dedronk

esposures, hydrogculoyin
and beudroch umits

83122198

17079 d5-8980-dRA
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PR

Deston ard Pes tormance

Patemeter s

lable 7.2 %

Posameier totation

Partemeier Gool orus
Confsderw e
(Cwr rent ond Bereird)

Issue 3.192

Seal cheracteristsgs

Performance Measutes: Ouantity of smter

- ————— ap———— .~

Site Parommters

Cantinuous Saturel ten
protile of stltvvnm te
bedveoch at luvium
merfme

Patameter Category: moaturated zone maisturs comiitiunm

Shait end boreheatle
lecotiom; Beer surfece

Cnel: o7- 10T of netwrat
Saturation evefy meter
Current: Jow

Nensed: Mednm

GCiaviowts i water content

Sueliciol metesianl waler
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