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ABSTRACT

This study plan describes four site-characterization activities for the
saturated-zone hydrochemistry of Yucca Mountain. These activities will
contribute to an understanding of the chemical characteristics of
hydrostratigraphic units, provide an understanding of their relation to ground-
wvater flow paths, transport, and travel times, and provide hydrologic-parameter
input for the resolution of design and performance parameters. The activities
include the following.

o Assessment of saturated-zone hydrochemical data availability and
needs,

o Hydrochemical characterization of water in the upper part of the
saturated zone,

o Regional hydrochemical characterization, and

o Synthesis of saturated-zone hydrochemistry.

The rationale of the site saturated-zone hydrochemistry study is described
in Sections 1 (regulatory rationale) and 2 (technical rationale). Section 3
describes the specific activity plans, including the tests and analyses to be
performed, the selected and alternate methods considered, and the technical
procedures to be used. Section 4 summarizes the application of the study
results, Section 5 presents the schedules and associated milestones, study-plan
references are listed in Section 6, and quality assurance requirements are
discussed in Section 7.

November 27, 1991
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\ 1 PURPOSE ARD OBJECTIVES OF STUDY

1.1 Purpose

The U.S. Geologioal Survey (USGS) is conducting ctudies at Yucca
Mountain, Nevada, and within the surrounding region as part of the Yucca
Mountain Project (YMP). The purposes of the USGS studies are to provide
hydrologic and geologic information essential to an evaluation of: (1) the
suitability of Yucca Mountain as & site for construction of a high-level
nuclear-waste repository, and (2) the ability of the mined geologic-disposal
system (MGDS) to isolate the waste in compliance with regulatory .
requirements.

The purpose of this study plan is to deScribe the individual activities
(next level below study in project organization) comprising this study,
which will provide the hydrochemical information needed in geohydrological
and geochemical site characterization efforts. This study is one of five
planned to investigate and describe the geohydrological characteristics of
the saturated zone at site and/or regional scales. In addition to the three
studies shown in Figure 1.1-1, the other two are Study 8.3.1.2.1.3 (Regional
saturated-zone ground-water flow system) and Study 8.3.1.2.1.4 (Regional
hydrologic system synthesis and modeling). It is designed primarily to
describe the water chemistry in the saturated, and 1mmediate1y adjacent
unsaturated, rocks beneath and adjacent to Yucre Mawmezin, =nd in the
saturated rocks within the surrounding region. _The study comprises four
activities: :

o 8.3.1.2.3.2.1 - Assessment of sa;urateszone hydroohemical data

~availability and needs,

Hydrochemical characterization of water in the
upper part of the saturated zone,

o 8.3.1.2.3.2.2

o 8.3,1.2.3.2;5 Regional hydrochemical characterization, and

o 8.3.1.2.3.2. a

Synchesis of saturated-zone hydrochemistry.

The numbers (e.g., 8 3.1. 2 3.2.1) used throughout this plan refer to
specific sections of the YMP Site Characterization Plan (SCP). The SCP
(U.S. Department of Energy, 1988a) describes the technical rationale of the
overall site-characterization program and provides general descriptions of
the activities described in detail in Section 3 of this study plan.

Gas-phase samples, hydrochemical data, and liquid-phase samples will be
collected at wells and springs throughout the site and region. The
resultant data base will include intensive properties, such as water
temperature and specific electrical conductance; concentrations of selected
dissolved inorganic and organic constituents; selected dissolved
radicisotope activities and stable isotope ratios; and concentrations,
radioisotope activities, and stable isotope ratios of selected gaseous
elements and compounds. The specific analytical suites to be applied are

\\’/ discussed in the descriptions of the individual activities. The incidence

1.1-1 ' November 27, 1991
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of new data will be highest at and in the vicinity of Yucca Mountain. New
regional information will be collected within an area approximately from
Gold Flat south to Silurien Valley, and from Death Valley east to the Spring
Hountains (Figure 1.1-2).

The data generated by this study will serve numerous purposes. They
will enable identification of plausible solid phases and chemical processes
that contribute to spatial compositional variations in saturated-zone
. waters. Delineation of the processes will focus on the interrelationships
between saturated- and unsaturated-zone hydrochemistry and the lithology and
mineralogy of the encompassing rocks. Data generated will provide insight
to the physical nature of the geohydrologic system, as they will contribute
to the identification and quantification of fluxes to, from and within the
saturated zone. They also will be used to examine various aspects.of the
conceptual model of the geohydrologic system, including hydrologic
boundaries, directions and magnitudes of flow, and residence times within
the saturated and unsaturated zones. The data are also requisite to
investigations of the movement and fate of radionuclides within the near and
 far fields, and predictions of radionuclide release rates to the accessible
environment :

The specific investigations and studies that will employ data generated
in the present study are discussed in Section 4.2,

1.1-3 November 27, 1991
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1.2 Regulatory rationale and justification

The relations between design and performance information needs and data
collected in this study are addressed in the geohydrology-testing strategy
in SCP Section 8.3.1.2 and the issue-resolution strategies (ground-water
travel time and performance assessment) in SCP Sections 8.3.5.12 and
8.3.5.13. The description presented below provides a more specific
identification of these relations as they apply toc this study. Project-
organization interfaces between this study, YMP performance issues and other
site studies are illustrated in Figure 1.2-1.

Information derived from the study will primcipally support the
performance determinations of pre-waste-emplacement ground-water travel time
(Issue 1.6) and the predictiocns of radionuclide releases to the accessible
environment (Issue 1.1). Study results will also provide hydrochemical
information to be used in the analyses of repository preclosure design &nd
technical feasibility (Issue 4.4). Unsaturated-zone water-chemistry data
from immediately above the water table (Activity 8.3.1.2.3.2.2) may be used
to indirectly support analyses of waste-package performance (Issue 1.10).

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

This issue is concernad with the containzent requirements specified by
10 CFR 60.112, and alsoc 40 CFR 191.13 (a):

Disposal systems for spent nuclear fuel or high-level or

. transuranic wastes shall be designed to provide a
reasonable expectation, based upon performance
assessments, that the cumulative releases of
radionuclidegs to the accessible environment for 10,000
years after disposal from all significant processes and
events that may affect the disposal system shall:

(1) Have & likelihood of less than one chance in
10 of exceeding the quantities calculated
according to Taeble 1 (Appendix A);

(2) Have a likelihood of less than one chance in
1,000 of exceeding ten times the quantities
calculated according to Table 1 (Appendix
A). :

Appendix A of 40 CFR part 191 contains & table of the radioactive
release limits for each radionuclide to be considered in calculating
normalized release to the accessible environment.

Eight classes of scenarios "...involving definite types of events or
processes, but with intensities, epochs of occurrence or durations, and
orders of occurrence allowed to range freely over the physically possible
numerical values...” have been developed to identify the significant
processes and events to be considered in the course of performance

1.2-1 November 27, 1991
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-

assessments. Descriptions of the scenarios are given in SCP Section
8.3.5.13 (see SCP Table 8.3.5.13-3). The results of this study will be used
to support performance parameters, which will be used to calculate or assess
‘performance measures for each scenario class. The study results will salso
provide baseline data for disturbed-case scenario classes.

Performance Issue 1.6 »
(Pre-wvaste-explacement ground-water travel time) .

This issue addresses one of'thé NRC‘performanbe objcctives fof high-
level waste repositories, as stated in 10 CFR 60.113 (a) (2):

The geologic repository shall be located so that pre-waste-
emplacement ground-water travel time along the fastest path
of likely radionuclide travel from the disturbed zone to the
accessible environment shall be at least 1,000 years or such
other time as may be approved or specified by the
~ Commission.

The general strategy for resolving this issue entails the definition,
characterization, and assessment of multiple barriers to ground-water flow
by dividing flow paths and flow processes into discrete categories. In the
. unsaturated zone, multiple natural barriers have been identified as seven
distinct geohydrologic units for which different o=z5 £ gencral flow
processes may be distinguished, including dispersive and advective flow in
rock pores and fractures and diffusion between and within the pores and
fractures. The entire saturated zone is considered an additional
gechydrologic unit (SCP, p. 8.3.5.12-11). The frequency distributioen of
calculated ground-water travel times is the performance measure for each
geohydrologic unit. The overall performance goal desired for the ground-
vater travel time through the geohydrologic units between the disturbed zone
and the accessible environment is a minimum of 1,000 years.

Information from this study will be used to support performance measures
needed tc assess ground-water travel time in the unsaturated units
immediately above the water table and in the saturated zone. Water’
residence times, water-vapor end gas fluxes, and distances along flow paths
will provide the basis for the ground-water travel-time model. The results
of the ground-water travel-time model calculations will yield performance
parameters for the geohydrologic units.

Performance Issue 1.8
(Favorable and potentially adverse conditions)

This postclosure performance issue addresses the NRC siting criteria
that describe human activities and natural conditions, processes, and events
that could either enhance or adversely affect the ability of & site to meet
waste-isolation performance objectives, as stated in 10 CFR 60.122 (see SCP
Tables 8.3.5.17-1 &nd 8.3.5.17-2). :

Two sets of conditions, eight favorable and 24 unfavorable, comprise the
criteria. These conditions are enumerated in SCP Section 8.3.5.17. The

1.2-3 November 27, 1991
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rasults of this study relate to Favorable Conditions 3 (geochemical
conditions) and 8 (unsaturated-zone geohydrologic conditions ) via Issue
1.1, and to Favorabls Condition 7 (pre-waste-emplacement radionueclide travel
time) via Issus 1.6. The rasults also rslate to Potentially Adverse
Conditions 6 (potential for climate-induced changes in hydrologic
conditions), 7 (ground-water conditions in the host rock that could increase
the solubility or reactivity of the engineered barrier system), 8
(geochemical processes), and 9 (ground-water conditions in the host rock
that are not reducing) through Issue 1.1.

Parformance Issue 1.9
(Qualifying and disqualifying conditions)

This issue concerns the DOE’s postclosure siting guidelines and 100,000-
year raslease avaluations. These are described and discussed in SCP Section
8.3.5.18. The postclosure siting guidalinas consist of a system guideline
and eight technical guidelines, each of which "...has a qualifying condition
that must be met for a site to be acceptabls. In addition, five of the
tachnical guidalines have at least one disqualifying condition each. A site
is unacceptable if any one of the disqualifying conditions is found to be
present” (SCP, p. 8.3.5.18-1). The DOE’s postclosure guidelines (10 CFR
960.4) and evaluation guidelines (10 CFR 960.3-1-5) require that four levels
of specific findings must be made based on evaluations of the qualifying and

- disqualifving conditions of the system and technical guidelines. Higher-
level findings "...must be made to determine if a sites may be recommended
for the development of a repository" (SCP, p. 8.3.5.18-3). Study results
will apply to the higher-level findings for the gaohydrology and
geochemistry qualifying and disqualifying conditions through Issues 1.1 and
1.6. :

1.2-4 November 27, 1991
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2 RATIONALE FOR STUDY

This section of the study plan describes the approach, measurements to be
made, rationales for the measurement selected, and the constraints for each
activity . :

The saturated zone beneath Yucca Mountain and the adjacent region
-constitutes & barrier to, and a potential pathway for, the migration of
radionuclides from the proposed mined geologic repository to the accessible
environment (as described in SCP Section 8.3.1.2.3). The extent to which it
will function as a barrier or pathway will depend on the characteristics and
amounts of released radionuclides, the extent of thermal perturbation, the
physical and chemical characteristics of the engineered and natural barrier
' systems, and the chemistries of pre- and post-emplacement ground waters

' This study will provide a base of hydrochemical data for site and regional
characterization of ground-water chemistry, delineation of plausible chemical
and physical processes influencing spatial compositional distributions. chemical
model develapment, and parameter-assessment calculations.

‘Understanding the geohydrology of the saturated zone is essential to the
site-characterization program. As water is a medium for transport of
radionuclides, it is important to evaluate the saturated-zone flow system
beneath Yucca Mountain. IR : :

: A description of the saturated zone comprises the integrated results of
investigations of the following hydrologic and geologic attributes of the site
and region: (1) stratigraphy, (2) geologic structure, (3) mineralogy and
petrology, (4) meteorology, (5) surface water, (6) ground water, and (7)
‘hydrochemistry. Stratigraphic and structural studies provide geometric
constraints within which characterization efforts operate. - Minerslogic and
petrologic studies provide spatial distributions of solid-phase morphology and
chemistry, and additional insight beyond the analyses of geometric information,
to the relative sequence of events in the physical evolution of the geologic
system. Meteorologic and hydrologic studies provide temporal information sbout
‘the movement of water in the geohydrologic system. All of these data provide a
framework within which the occurrences and distributions of materials dissolved
in saturated-zone ground waters can be studied. The products of this study in
turn provide insight to the movement of water within the geohydrologic framework
and enable refinements of conceptual models of ‘the geohydrologic system

2. 1 Technical rationale and Justification
2.1.1 Approach

Hydrochemical data are available for ground waters from about 275
locations on and in the vicinities of Yucca Mountain and the Nevada Test
Site (NTS) (Benson and McKinley, 1985; McKinley and others, 1991).

These data cover a region of about 20,000 square kilometers (7,718
square miles), the general boundaries of which are noted in Section 1.1
and shown in Figure 1.1-2. The period of record of the data base is
from the 1950s to early 1986. Additional data for that part of southern

2,1-1 November 27, 1991
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Nevada in which the general ragion is located are available in USGS and
EPA files.

The data vary with regard to both spatial distribution and the
analytical suite appliesd to each sample. This variaction is the resu.t
of several factors. First, depths to water, particularly north of
Lathrop Wells (Figure 1.1-2), frequently exceed 300 meters (984 feat),
generally rendearing development of the water resource economically
unfeasible, discouraging the construction of water-supply wells, and
significantly increasing the logistical difficulties inherent in
collacting satisfactory ground-water samples. Second, known mineral
rasources, which are commonly located via deep exploratory holes that
can serve as data-collection locations, are present only in a small part
of the region. Third, soms of the pravious hydrochemical investigations
in the region were of reslatively restricted scope and did not yield
analyses that enable a reasonably complate description of ground-water
chemistry.

The inorganic chemical concentrations and isotopic compositions of
saturatad-zona ground watars derive initially from those of
precipitation. Thesa aspects of water that recharges the saturated zone
are modified by physical processes and chemical reactions during
overland flow and flow through the unsaturated zone to the watar table,
and by subsequent watar-vock reactione in the saturated zons. Knowledge
of the spatial variations in ground-water chemistry provides insight to
the physical nature of the geohydrologic system (i.e., flow paths,
boundaries, and arsas of recharga). The extent of dissolution processes
are influenced by the movement of water through the geohydrologic
system, which i3 largely a function of tha distribution of permeability
within the system. The extent to which water-rock reactions prograsss at
any specific reaction site is in part proportiocnal to the residence time
of the water at the site. It is conceivable, therefors, that water
within fractures has a composition different from that within thea rock
matrix. Neglecting chemical considerations, the extent of such a
difference is a function of the permeability differsnce between the two
environments and the capacity for fluid to move from one to the other.

The mineralogy of the saturated rocks through which ground water
flows and has flowed is reflected to different degrees by tha absolute
and rslative concentrations of individual dissolved species. These data
can be used with empirical mineralogic and physio-chemical data and
appropriate thermodynamic information to infer plausible reactions that
could lead to their occurrance. This information is an essential part
of any assessment of the potentials for aqueous transport of
radionuclides.

The geohydrologic framework at Yucca Mountain and the adjacent
region includes flat-lying, tilted, faulted, and fractured ash-fall and
ash-flow Miocenes tuffs. In addition, the tuffs ars variably welded,
devitrified, and altered, and thersfora exhibit variable porosities and
primary and secondary permeabilities. The spatial distribution of
permeabilities determines the movement of watar with the framework.
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Most of the tuffs are high-silica rhyolites, with & few units of
significant volume grading from rhyolite to quartz latite (Lipman and
others , 1966; Byers and others, 1976). Based on mineralogic and
petrographic data from six boreholes and several outcrop sites on or
immediately adjacent to Yucca Mountain, volcanic glass is a major
component of the uppermost 375 to 584 meters of tuff and is the
. chemically most reactive phase present because of its amorphous

‘character and attendant large surface area (Jones, 1966). Glass is less
~ abundant in the underlying rocks, having been largely replaced by

" smectites and zeolites. The suite of secondary minerals observed in
core samples ranges downward from minor amounts of smectite, opal, and
" zeolites through & zeolitized section (clinoptilolite minerals to

- mordenite with increasing depth), to & zone with analcime, K-feldspar,

quartz and calecite, which is in turn underlain by & zone in which albite
is the dominant secondary phase (Broxton and others, 1987). A similar
vertical zonation of secondary minerals in volcanic ash accumulations in
thick sedimentary sequences was described by Iijima (1975, 1978, and
1980). Hearn and others (1990), in a synthesis of observations of
variations in water chemistry and secondary mineral populations in
basaltic aquifers in the Columbia Plateau, noted similar mineralogic
variation with depth in a system alsc characterized by abundant volcanic
glass with a somewhat rhyolitic composition.

'Based on available minernlogic and hydroohemical information, a
simplistic ccnceptusl model similar in principle to that of Jones (1966)
can be constructed to account for observed variations. Hydrolysis of
velcanic glass by ground water and recharging water is likely the most
rapid dissolution process occurring in the tuffs. It is likely that
acidic dissolution, via the dissclution of CO, in the soil zone, also
contributes to the disgenetic process. ' Within the pH range (6.8-9.0) of
ground waters in the tuffs at Yucca Mountain (Benson and McKinley,
1985), dissolved aluminum is only slightly soluble and is, in the early
part of the evolutionary process, likely removed by precipitation of an
amorphous aluminocsilicate phase, which over geologic time orders toc more

_stable smectite. The increase in hydroxyl icn concentration attendant
to the hydrolysis reaction results in a gradual increase of ground-water
pH, which ultimately exceeds the stability of calcite, and effects the
loss from solution of some alkaline earths and some other divalent
metals. Alkali metals tend to be conserved during this process and
-their concentrations, together with that of silicon,.tend to increase.
When these concentrations become sufficiently high, zeolitization
occurs, efither by direct precipitation or by replacement of smectite.
The occurrence of analcime and albite suggest ground-water temperature
much higher than those within the currently observed range. Their
formation at their location within the present thermal regime would
‘1ikely require much higher ground-water ionic strength than observed,
and there have been no reports of evidence of the past or present
occurrence of highly saline waters in the tuffs at Yucca Mountain. This
model is the geochemical basis for the design of this study. Data
collected in this study will be used to refine ond modify the model as

: appropriate. . . . .
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2.1.2 Measurements and rationals

Ground-watar samples will be analyzed for major and minor inorganic
and organic species, including Li, Be, B, F, Na, Mg, Al, Si, P, S, Cl,
K, Ca, Mg, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 2Zn, Br, Sr, Mo, Ag, Cd, I, Ba,
Pb, NOy, PO,, and humic and fulvic compounds. These data, together with
field-datermined unstable constituents and properties, will be used to
describe spatial hydrochemical variations and to provide insight as the
physical nature of tha ground-water flow system. They will also be
used, as appropriata, to thermodynamically assess the stabilities of
ralevant primary and secondary solid phases in the host rock. They will
also be used to examine the feasibility of resaction scenarios in the
avolution of ground-water chemistry.

Attempts will be made to isolate high- and low-molecular-weight
fractions of dissolved organic carbon compounds present in samplad
ground waters. The fractions will be subjected to stable and
radiocarbon analyses to provide insight as to the flux of organic
material to the water tablas.

Watsr that has traveled vertically through the unsaturated zone to
tha watar table, or the zone of completa saturation, at and in the
vicinity of Yucca Mountain must have traversed a zinimuz of 200 meters
of unsaturated rock. A lower bounding estimate of vertical travel time
from land surface can bs made from the uncorrected radiccarbon age of a
water sample from Well UE-29 aff2 in Fortymile Canyon, about 12
kilometers northeast of the proposad repository block. An age of 3,800
years and a dapth to water of 29 meters, assuming vertical flow and no
younger underflow, yields a vertical flux rate of 7.63 mm per year.
This rate would necessitate over 39,000 years for a 300-meter thickness.
Even the presliminary, uncorrected, radiocarbon age of 11,760 years of a
drilling-fluid-contaminated sample collected by the Desart Resaarch
Institute from Well UE-25 WT #14, about 3 kilometers sast of tha block,
is still a time interval sufficiently long for thermal equilibrium
batween watar, rock, and gas masses to have occurred. While the rock
atmosphers immediately adjacent to the zona of complata saturation is
accassible to circulation induced by watsr table and baromatric
fluctuations, it is unlikely that this basal part of the unsaturated-
zone atmosphere undergoes sufficient input and mixing to altar the
thermal stata.

Because of the above-noted minimum time intervals, one could also
suspect chemical equilibrium between the water and the gases preasent,
and also between the water and some of the solid phases. Aqueocus
dissolved gas concentrations at equilibrium are proportional to
concentrations in the vapor with which the water has equilibrated, and
also derive from individual gas solubilities and the temperature and
salinity of the water. The reactivities of gases with water vary
significantly, the noble gasaes being essentially non-reactive. Since
the aqueous solubilities of the noble gases are wall known, and solute
concentrations of sampled waters will bs datarmined, estimates of
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recharge temperature can be calculated from absolute and relative
concentrations of helium (He), neon (Ne), argon (Ar), krypton (Kr), and
xenon (Xe). These temperatures will be compared with water-table
temperatures measured at several locaticns in the site area. They will
‘also be examined in light of extant and newly measured geothermal
gradients at several locations within the site area. They will perhaps
provide insight as to the thermal stability of the site area and/or to
‘the thickness of the unsaturated zone in the vicinity of "conventional®
" recharge. Temperatures calculated with He and Kr will likely be the
poorest estimates.

. In order to use the temperature-dependent solubilities of the gases
to estimate temperatures at which the waters entered the saturated
zone, care must be taken to secure samples that are representative of

"both the dissolved gas suite and the rock atmosphere. Several
collection methods will be used to ensure that the data collected are
representative of the geohydrologic system. Water samples will be
collected with flow-through samplers with a demonstrated satisfactory
history of collection of samples for noble-gas determinations. Special
precautions to be taken in the field to preserve the sampled gas

- compositions will include gas transfer and aliquotting in an all-metal

 vacuum system. Atmospheric samples collected from locations adjacent to
the water table will enable a check of the assumption that the relative
noble gas concentrations are the cama se i» atmospheric air. Use of &

" heated sampling tube for this eEfort (Seccion 3. 2 3.1) will ‘ensure

complete recovery of easily sorbed Xe.

The'scable 1sotopes of hydrogen (H). He, carbon (C), oxygen (0), Ne,
Ar, sulfur (S), and strontium (Sr) in the aquecus phase provide
additional means of investigating the evolution of ground-water
chemistry and the physical characteristics of the geohydrologic system.
- The ratios of heavy-to-light stable K and O isotopes in water can be
~indicative of its climatic origin and subsequent history. At Yucca
Mountain and vicinity, the extent to wvhich this is discernible is a
function of the climatic and recharge history, post-precipitation
water/rock interactions, and perhaps the length of the recharge path.
Evaporation prior to or during recharge could significantly alter the
ratios, partially or completely obscuring the climatic signature.
Reactions with solid phases could also alter the ratiocs, although the
magnitudes of these changes is probably small, and would depend largely
on the reactivity of the participating solid phases and on the relative
reacting masses, larger changes being effected by higher rock-water
ratios.

Stable C, H, and (] isotopes can be used to examine the state of"

' 1socop1c equilibtium of the system, using measured water temperatures

~ and measured isotopic fractionations between specific species pairs.
Differences between observed and predicted isotopic fractionations

- indicate either that flux in the vicinity of the water table is too
rapid to allow isotopic equilibration, or that the temperature at the
water table has changed from the conditions under which equilibrium had
been established, or that equilibration occurred at another locale with
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a different temperaturs. The distribution of selected radioisotope
activitias, including tritium (°H) and carbon-14 ('C), will provide some
insight as to the appropriate rationale(s) for observed distributions.
Specias pairs and the ralevant stable isotopes that may be considered
include those listed in Table 2.1-1.

Stabls C- and S-isotope ratios (C/'’C and *S/®S) provide insight to
the sourcas of dissolved C and S in the saturated zone, and the
raactions in which they might have participated. Carbon-isotope data
can also be used to correct calculated radiocarbon ages for dilution by
isotopically dead carbon. Stable Sr- and lead (Pb)-isotope ratios
(Y'sr/%sr, *Pb/™PFb, *'Pb/™Pb, *Pb/™Pb) can indicate the rocks from
which dissolved maetals originated, and can provide end-member
compositions for estimated of ground-water mixing. Examples of such
applications includa Chaudhuri and others (1987), Collerson and others
(1988), Smalley and others (1988), and Aberg and others, (1989). At a
ninimum, .thesa data should enable diffarentiation between igneous and
sedimentary sources and should provide some insight to ground-water flow
paths.

Radioisotopas provide a means of estimating ground- and soil-water
ages. Tritium and “Kr are rslatively short-lived environmental isotopes
(half lives of 12.43 and 10.8 years, respectivesly) that can be used to
date relatively young waters. Tritium can be used to examine both
fracturs and matrix (pore) waters in the saturated zone, and pore water
and water vapor in the unsaturated zone. Tritium can also he used with
®Kr to astimate the extent of atmospheric contamination rasulting from
incomplete removal of drilling fluid (surface air) from the system and
to assass sample-collsction mathodologies. The presence of tritium in
saturated-zone ground water and unsaturated-zone gas can reflect several
mechanisms. These include the recharge of post-bomb precipitation,
rapid downward flux of water vapor from land surface, and subsurface
tritium production. The latter can likely be expected to rasult in
ground-water tritium lavels bslow thoss of pre-bomb middle- and low-
latituds rainfall (2.0 - 10.0 T.U. [Von Buttlar and Libby, 1955])
(Andrews and others, 1989). '

Tritium data can also be combined with ’He data to calculate ground-
watar ages, since Me is a product of *H decay. This may be especially
valuable in determining the contribution of recent recharge in washes.
On a longer time scals, ‘He concentrations can be used for ground-water
dating, when combined with radon (¥Rn) data to quantify the He
production rate. It is conceivable tha: Hs concentrations and isotopic
compositions could be affected by and provide means of identifying a
deep-seated (e.g., magmatic) He contribution. The probability of this
effect likely approaches significance only at greatar depths in the
geohydrologic system, and when sampling in proximity to recent volcanic
centers. Attendant use of concentration and isotopic data for the other
noble gases will help to sort out which effect dominates the He.
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Table 2.1-1. Possible stable-isotope fractionation pairs.

Species pair elevant isotopes

H c 0
:'Water/water vapor ' x ) X
Water/carbon dioxide o E ox
Uatei/ealeite '> x
Vater/sulfate | S ox
Water/methane ;’ X
Water/silica ‘ : : _' ' \ X
Bicarbonaee/eerbonrdioxide o x
Cafbonate/carben dioxide | | . 4
Carbon dioxide/methane | x
Calcite/carbon dioxide x

References to the individual pairs are in Friedman and 0’'Neil (1977).

.

" Radiocarbon dating is an established and widely used dating
methodology that will be applied to fracture and matrix ground waters,
unsaturated matrix waters, and unsaturated-zone gaseocus carbon dioxide.
Ages of dissolved inorganic and organic carbon fractions of saturated-

_ zone waters will provide insight to the movement of carbon through the
 unsaturated zone, and the relative contributions of soil organic matter,

‘organic materiasl within the tuffs, and soil- and/or rock-atmosphere
carbon dioxide. Organic-radiocarbon data will also provide additional
insight to calculated ground-water ages. Calculation of & radiocarbon
age assumes knowledge of the activity of the input carbon. It is
therefore necessary to identify, as best as is possible, the relative
contributions off all carbon sources. This will be done using extant
stable-carbon isotopic data, ‘and data from gas- and liquid-phases
sampled in the this study, and from gas and solid phases analyzed in the
' course of Studies 8.3.1.2.2.7 (Unsaturated-zone hydrochemistry) and
8.3.1.3.2.1 (Hineralogy, petrology, and chemistry of cransport
pathways).
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Chlorine-36 provides the ability to date ground water within a range
of about 50,000 yr to 1 m.y. The minimum age will perhaps restrict the
application of this radioisotope to saturated-zone waters from
dovngradient sites within the region. Chlorine-36 can also be used to
identify water recharged since the inception of thermonuclear testing,
and to estimate the mixing proportions of waters of different ages
and/or origins.

Iodine-129 is a naturally-occurring radioisotope that also results
from anthropogenic activities (nuclear reactor operation and nuclear
weapons testing). Whiles it can be used to date very old waters, its
most promising use is the identification of water sources and estimation
of mixing ratios. It is also useful as an indicator of post-1950 water,
since Man’s activities have increased the 'I/'”I ratio above the likely
uniform ratio that existed prior to the advent of the nuclear age. The
Radiological Monitoring Plan for the NNWSI Project (RMP) (U.S.
Department of Energy, 1988b) provides for the datermination of I in
10-15 percent of the samples to be collected in the course of USGS
studiass, with the remainder to be archived.

Technetium-99 is a fission-produced radioisotope that has
conceivably been added to the geohydrologic system. Because it is
identified as an isotope of principal concern in the RMP, it, too, will
bs sought in 10-15 percent ~f the samples to be generated by this study.
The selection of samples to be analyzed for '*I and ™Tc will be
datermined by the RMP coordinator and the principal investigator for
this study.

2.1.3 Parameters and testing strategias

The work planned for this study was developed based on informational
needs as defined in the SCP. Site parameters (activity paramsters in
SCP usage) are those parameters that are generated by field and
laboratory testing activities; they represent the most basic
measurements that will be used to characterize the geohydrology of Yucca
Mountain and vicinity. Many of the site parameters are building blocks
to support variocus aspects of the project. Some (e.g. hydraulic
conductivity) support design and performance issues directly. Others
primarily provide bases for analyses and evaluations to bes conducted
within the geohydrology program or within other charactarization
programs,

In SCP Table 8.3.1.2-1, site parameters for all of the geohydrology
program ars grouped according to paramater categories. The
geohydrologic sits parameters associatad with sach activity of the
saturated-zons hydrochemistry study appear in Section 3 in Table 3.2-3
and in Figures 3.1-2, 3.2-3, and 3.3-2. The figures also show parameter
categories associated with the site parameters. Parameter categories
serve to group similar types of performance and design parametars
supporting design and parformance-assessment issues resolutions (SCP
Sections 8.3.2-8.3.5) and match them with groups of similar types of
activity parameters to be obtained during site characterization.
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Parameter categories in the SCP were introduced as a classification
scheme to aid in assessing the appropriateness and completeness of the
data collection program. In Figure 2.1-1, the categories are shown
supporting specific model components that make up the saturated-zone
model. This figure corresponds to SCF Figure 8.3.1.2-4, and in that
document is accompanied by parallel logic diagrams for the surface-water
and unsaturated-zone components of the geohydrology program ‘

Design and petfotmance parameters tepresent information required for
issues resolution. These parameters can either be directly measurable
quantities (such &s major-ion water chemistry) or properties derived
from other, more directly measurable quantities (such as saturated-zone
fluid flux). There is no defined cne-to-one relationship between a
given site parameter and a given design or performance parameter; a
single site parameter may support one or more design or performance
parameters, and & single design or performance parameter may be
supported by one or more site parameters. The site parameters derived
from this study, as a set, should provide information to support the
determination of the applicable design and performance parameters for
the issues discussed in Section 1.2. The relation between the site
parameters of this study and design and performance parameters is
presented in Section 7.2 (Table 7.2-1).

In addition ta supporting design and performance parameters, the
sitc parazmcters are needed to test hypotheses that support conceptual
models, and also as input to numerical models. A sufficient level of
confidence in parameter values must exist for the data to be employed
for either of these purposes. The data-collection methods selected for
the present study have been chosen to minimize uncertainties in
parameter values and in the understanding of parameter interrelations,
within the constraints of available resources. Where possible, multiple
approaches within an sctivity are directed toward evaluating the value
of a parameter by different means. The combined effect of using
multiple approaches (or tests) will be to increase the level of
confidence in the parameter, because reliance will not be placed
exclusively in one approach. Within a particular activity, some
approaches may provide only partial information, while others will
provide extensive information necessary for determimation of a
hydrologic parameter. A greater understanding of, and confidence in,
any particular parameter will result from combining test results and
studying their relations. -

Because of the nonstandard nature of some of the tests, the
possibility that one or more tests may fail in achieving the desired -
objectives is recognized. The use of multiple approaches for
deternmining parameters increases confidence that the failure or the
partial failure of one or more tests will not severely inhibit the
ability of the characterization activities to provide the required
information.
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2.1.4 Bydrologic and hydrochemical hypotheses

The alternative conceptual models tables (hypotheses testing tables)
of SCP Section 8.3.1.2 (SCP Tables 8.3.1.2-2b) summarize current
hypotheses regarding site modeling and parameter estimation,
uncertainties in those hypotheses, and alternative hypotheses consistent
‘with current data. The present study will contribute to the evaluation
of the current hypothesis that, under present day conditions, boundary
conditions and fluxes asre invariant with time. (The alternative

"~ hypothesis here is that current and expected future tectonic and thermal

processes may cause substantial changes in water-table altitude.) The
uncertainty assigned to this hypothesis is low, and will be tested
further by saturated-zone hydrochemical data that supports the
understanding of temporal changes in water-table altitude.

2.1.5 Relation to hydrologic modeling

Assuming that the overall hydrologic system within the saturated
zone at Yucce Mountain can be described by conventional theories of
fluid storage and movement in porous and fractured media, the present
and probable future spatial distribution and magnitude of hydrologic
parameters can be estimated from appropriately constructed hydrolegic
models. The successful development of calibrated numerical models of
the hydrologic system will innveees -~onfidence that the geohydrologic
framework, distribution of input parameters, and nature of initial and
boundary conditions are appropriate for utilization in performance and
design analyses. The models can be used &s tools to improve
understanding of the functioning of the flow system, to test hypotheses,
and to further guide data collection.

The spatial and temporal'ex:repolatien of flow within the saturated
zone involves complex interactions that can be described only with the
aid of hydrologic models, &nd data from the saturated-zone
hydrochemistry study will support the numerical hydrologic modeling of
the saturated zone by contributing to the evaluation of initial and
boundary conditions.  This is shown in Figure 2.1-1, the logic diagram
of the saturated-zone component of the geohydrology program. The figure
is taken from Figure 8.3.1.2-4 of the SCP, where it is accompanied by
similar figures for the surface-water and unsaturated-zone components.
The introductory portion of SCP Section 8.3.1.2 addresses the roles and
integration of the surface-water, unsaturated-zone, and saturated-zone
components of the geohydrology program.

A Saturated-zone hydrologic-system synthesis and modeling, as
described in Studies 8.3.1.2.1.4 and 8.3.1.2.3.3, will incorporate
conclusions from the present study regarding saturated-zone
hydrochemistry, and apply them to the interpretation of flow in the
saturated zone under varying conditions.
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2.2 Constraints on the study

2.2.1 Reprasentativeness of repository scale and correlation to
repository conditions

The majority of specified sample collaction sites in the saturated-
zone hydrochemistry study are on or in the vicinity of Yucca Mountain.
Extant and planned boreholes and wells to be sampled pasnetrate (or will
penstrate) some of the same saturated gechydrologic units underlying the
planned repository. Geologic units in the saturated zone from which
samplas will be collacted are representative of the units underlying the
repository area. Data from sites not in the immediate vicinity of Yucca
Mountain will be used to refins the conceptual models of the site and
ragional ground-water flow systems and to augment the understanding of
hydrochemical avolution in the vicinity of the respository area.

2.2.2 Accuracy and precision of methods

Selactad and altarnate chemical and isotepic analytical methods are
discussed in tha sections dascribing the individual activities. These
methods wers salactad on the basis of their precision and accuracy. The
accuracy and pracision of sach of the techniquas are discussed in
various publications describing the methods and will be dafined, as
avpropriata, in the technical procedures devaloped for their
izplementation, as required in Section 111 of the project Quality
Assurance Plan (QAP), NNWSI 88-9, Revision 2.

The levels of accuracy and precision required in this study are
commensurate with detaction and precision limits of the analytical
procedures to be used. For most techniques, the actual accuracies and
precisions are affected by a combination of analytical and theoretical
uncartaintiass which make quantification of potential arrors difficult.
The requirements for accuracy ‘and precision of the various tests will be
defined by the investigators, based on their experience and evaluation
of the data obtained and through the use of technical procedures as
outlined in the QAP. Final uses of the data will, similarly, be
constrained by the quality of the results obtained.

2.2.3 Potential impacts of activities on ths site

The testing activity described in this study plan will have little
or no impact on the natural-state site conditions or construction of the
exploratory studies facility (ESF). Ground-water withdrawals will be of
relatively small magnitude and will not significantly impact the
potentiomatric surface beyond the immediate vicinity of the boreholes.
Because this study addresses only the saturated zone and the immediately
adjacent overlying part of the unsaturated zones, and because the
perturbations resulting from this study will be slight, impact at
proposed shaft sites will be nil.
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2.2.4 Time required versus time available

A tentative schedule of work activities and reports is given for the
saturated-zone hydrochemistry study in Section 5. These schedules
assume that five years will be available for site-characterization work.

The tests, methods, and chemical analyses of the activities have
been selected so that the parameters of interest can be evalusted
reasonably within the schedule of the study. Because they are mostly of
an analytical nature, it is expected that they can be accomplished
within the time scheduled for them.
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3 DESCRIPTION OF ACTIVITIES -
\/
This study is organized inte four activities:

o 8.3.1.2.3.2.1 Assessment of the saturated-zone hydrochemical data

availability and needs,

o 8.3.1.2.3.2.2 Hydrochemical characterization of water in the upper

part of the saturated Zone,

o 8.3.1.2.3.2.3 Regional hydreochemical characterization, and

o 8.3.1.2.3.2.4 Synthesis of saturated-zone hydrochemistry.

The plans for these activities are described in Sections 3.1, 3.2, 3.3, and
3.4, respectively.
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3.1 Assessment of saturated-zone hydrochemical datas availability and needs
3.1.1 Objectives
The objectives of the activity are to:

1. compile and evaluate extant hydrochemical data for the saturated
zone at site and regional scales, and

2. {identify data deficiencies and potential sampling sites and
assemble requisite materials for sample and field-data
cocllection.

3.1.2 Rationale

A comprehensive description of the geohydrologic system is the
ultimate objective of the site and regional geohydrologic
investigations. Extant hydrochemical data for the site area and the
region describe samples pumped from variable-length discrete intervals
as much as one kilometer below the top of the saturated zone, and
samples from wells with open vertical intervals hundreds of meters in
length. Compilation of these data will enable the identification of
spatial hydrochemical variations, and the delineation of areas where
additional data are needed. Rarsnca of the scope cf the project,
coordination of sample collection with other investigators is required;
a thorough assessment of data needs and potential availability is
paramount to this effort.

3.1.3 General approach and summary of iekts~¢nd analyses

This section describes the strategy for assessment of hydrochemical
data availsbility and needs, including the identification of data
deficiencies and the coordination and integration of data collection
with other studies.

The data compiled in this activity will include information that -
describes part of the saturated zone underlying the repository area and
various parts of the region (Figure 1.1-1). This activity will entail
the assessment and analysis of data on site and regional scales. An
understanding of hydrochemical characteristics vertically within
boreholes and laterally between boreholes will further an understanding
of the three-dimensional nature of the saturated-zone geohydrologic
system. Similarly, an understanding of present conditions will be part
of & basis for predicting future repository conditions.

Figure 3.1-1 summarizes the organization of this activity. A
descriptive heading for each test and analysis appears in the box in the
second row. Below the test/analysis, there are individual methods that
will be used. Figure 3.1-2 summarizes the activity objectives, design-
and performance-parameters categories addressed by the activity, and
relevant site parameters. These appear in the boxes in the top left
side, top right side, and below the test/analysis box.
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The two figures summarize the structure of the planned activity in
terms of methods to be employed and measurements to be made. The
descriptions of the following sections are organized on the basis of
thase charts. Methodology and paramater information are tabulated as a
means of summarizing the pertinent relations among (1) the site
parameters to be determined, (2) the information needs of the
performance and design issues, (3) the technical objectives of the
activity, and (4) the methods to be used. -

3.1.3.1 Data availability, needs, and sampling coordination

Extant hydrochemical data will be identified and compiled as
they are identified. Each analysis will be examined for species
datermined, completeness relevant to specific applications,
including speciation and saturation calculations and conventional
graphical analyses (ex: trilinear diagrams). Each sample site will
be examined as to location within the study area, the availabilicy
of well-construction information, the geohydrologic unit(s) sampled,
sampling and analyzing agencies, and method(s) of collection and
fiald analysas, as appropriata. Basad on data age and sourca, a
cation-anion balance will be calculated for sufficiently complete
analyses in order to preliminarily assess data quality. Imbalance
greater than about 5 percent will limit data utility. Each analysis
will also be cowpared, if possible, to data from nearby wells or
springs that are completed in or that issue from the same or similar
geohydrologic units in order to assess representativity. The data

. base will ba sorted, to the extent possible, with regard to the
geologic units from which the samples were collected, and areal maps
and hydrochemical cross sections will be produced for selectad
dissolved constituents. Discernible spatial variations in the
distributions of selected constituents and/or physical properties
will be examined relative to extant information describing
geohydrologic characteristics, structural features, and formation
geometry, lithology, and mineralogy. The products of this effort
will enable identification of inadequacies in the data base, with
regard to the spatial distribution and comprehensiveness of the
data. The identified deficiencies will provide an information base
from which planned activities and potential data-collection
locations will be examined.

Specific sites, either independent of, or associated with,
planned activities, will be designated to augment and improve the
hydrochemical data base. Criteria considered in the selection will
include geographic location, geologic unit sampled, well
construction and history, logistical feasibility, and conceivable
application to conceptual model refinement.

Geohydrologic and geologic activities that will likely provide
hydrochemical data, water samples, or opportunities to collect
samples and field data include those listed in Table 3.1-1.
Precipitation and meteorological monitoring (Study 8.3.1.2.1.1) will
perhaps provide samples for chemical characterization of
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Table 3.1-1. Activities that will likely entail/enable the collection of
vater sanples and field data

SCP Aﬁctvtty ‘ " Title/Description
8.3.1.2.1.1.1 : Pracipitation and metsorological
: nonito:ing, .
8.3.1.2.1.3.2 Regional potentiometric level studies.
8.3.1.2.1.3.3 - ' :Pottyuilo Vash recharge study.
8.3.1.2.1.3.4 o ‘Evapotranspiration studies.
8.3.1.2.3.1.1 Solitario Canyon fault study in the
S . sacurated zone.
8.3.1.2.3.1.2 - Site potentiometric level evaluation.
8.3.1.2.3.1.4 g _ Multiple-well 1ncer£ere§c§ testing.
* 8.3.1.2.3.i.5 _ - - GCehole conservative :race:‘tasta:
* 8.,3,1.2.3.1.6 Coﬁsoerctve'c:acar tests th:cughoui the
S site.
8.3.1.4.2.1.1 Surface ind subsurface stratigraphic
studies of the host rock and surrounding
units,

* Need for sample collection to be determined, based on sample collection
in Activicy 8.3.1.2.3.1.4,

**  Need for sample collection to be determined by well location and
construction, study design, and testing/sampling history at each sita.
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pracipitation within the region. In the regional potentiometric
level studies (Activity 8.3.1.2.1.3.2), the Solitario Canyon fault
study (Activity 8.3.1.2.3.1.1), and site potentiometric-level
evaluation (Activity 2.3.1.2.3.1.2) a zininum of eight wells will be
completad in the upper part of the saturated zone within the site
area. The Fortymile Wash study (Activity 8.3.1.2.1.3.3) will
involve construction of at least thres walls that will provide
saturated-zone water samples. This study will also provide
hydrochemical data describing runoff and precipitation in the wash.
Evapotranspiration studies (Activity 8.3.1.2.1.3.4) will include up
to 20 aquifer tests which will provide sampling opportunities. The
Solitario Canyon fault study (Activity 8.3.1.2.3.1.1) will also
involve drilling two hydrologic-test holes which will be sampled.
Multiple-well interfasrence testing (Activity 8.3.1.2.3.1.4) will
entail a 30-day pumping test and up to 20 short-term pumping tests
which will provide sampling opportunities. C-hole conservative
tracer tasts (Activity 8.3.1.2.3.1.6) will provide sampling
opportunities. Surface and subsurface stratigraphic studies of the
host rock and surrounding units (Activity 8.3.1.4.2.1.1) will entail
drilling three geologic-information holes which will be potential
sampling locations. The RMP will provide radiochemical data
describing monitoring sites throughout the region and at least some
of the sites to be sampled in the course of this study. Sampling
programs for each activity ideptified will be desiznzd and
coordinated with respective investigators and support contractors.
Locations of some of the holes noted above have besn selected. In
cases where only general locations have bsen designated, input to
site selection based on extant and developed information regarding
hydrochemical data needs have been and will be provided.

4 Technical procedures '

There are no technical procedures applicable to this activity.
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3.2 Hydrochemical charecterization of wate: in the upper patt of the
gsaturated gone ,

3.2.1 Objectivee
The objectives 6f:this'aetivity are to

1. describe the hydrochemistry of the upper part of the saturated
’ zone by collecting representative water samples from intervals
- within the upper 100 meters, within and adjacent to the site
' area, and studying their chemical and isotopic compositions; and

2. estimate flux to or from the saturated zone by collecting
interstitial water and gas samples from immediately above the
water table in the site area and studylng thelir chemical and
isotopic compositions.

3.2.2 Rat;onale h

Water samples collected to date from the saturated zone at the site
have been primarily from deep saturated intervals of varying lengths.
Data from these samples do not describe the upper portion of the
saturated zone, nor do they provide information describing that parc of
the unsaturated zona immadiaraly: adjacent to the water table. '

More saturated-zone data are needed to enable determination of
vertical variations in water chemistry and age. Data from the vater-
table (WT) wells (Figure 3.2-1) will enable hydrochemical
characterization of the upper part of the saturated zone, and comparison
with the extant hydrochemical data describing deeper intervals.
Comparisons will aid in the development and refinement of & conceptual
model of ground-water flow in the saturated zone with respect to ground-
water flow paths, velocities, and residence times. The data will also
enable hydrochemical characterization of that part of the unsaturated ’
zone adjacent to the water table. These data will augment the
conceptualization and refinement of flux at the saturaced-unsaturaced
interface.

3.2.3 General approaeh;and'sdmmary of tests and analyaes

This activity is designed to collect representative, uncontaminated
pore water and gas from the unsaturated zone immediately adjacent to the
water table, and water samples from the upper part of the saturated zone
within and adjacent to the site ares.

There are 14 extant WT wells (Table 3.2-1) that penetrate from 43 to
99 meters (141 to 325 feet) into the saturated zone, and eight planned
WT wells and three planned FM borehcles, each of which will penetrate a
maximum of about 100 meters (328 feet) below the water table. Each of
the completed wells has been equipped with one or two 7.3 em (2.875 in.)
inner-diameter access tubes, each with a 3.6 m (12 ft) screen at the
lower end for water-level measurements, Six of the wells are
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-

instrumented for continuous water-level data collection, and were
constructed with two access tubes. The Desert Research Institute, under
contract to the State of Nevada, collected water samples from five non-
instrumented wells in early 1988 (Table 3.2-1). These samples were
collected from within the access tubing with & small-capacity
submersible piston pump, and are the only WT samples that have been
collected. The adequacy of the data deriving from this activity will be
determined by its examination after generation. It is assumed that a
single round of sampling at the planned sites will provide sufficient
information to describe the upper part of the saturated zone in the
vicinity of the proposed repository block. : The need to revisit
previously sampled sites will be & function of several factors,
including departure from expected concentration or activity ranges,
problems encountered in sampling, and logistical and schedule
coordination with support contractors.

Water and gas samples collected in this activity will be analyzed as
discussed in Sections 3.2.3.2 and 3.2.3.3. The resultant data will be
analyzed to describe spatial hydrochemical variations both within the
uppermost part of the saturated zone and within the entire saturated
zone, as described by the extant data base. The data will alsc be
integrated with extant geochemical, mineralogic, and geohydrologic
information to refine conceptual geohydrologic models

Figure 3.2-2 summarizes the organization of this activity A
descriptive heading for each test and analysis appears in the boxes of
the second row. Below each test/analysis, the individual methods that
will be utilized during testing are given. Figure 3.2-3 summarizes the
cbjectives of the activity, the design- and performance-parameter
categories that are addressed by the activity, and the site parameters
measured during testing. These appear in the boxes in the top left
side, top right side, and below the test/analysis boxes, respectively.

The two figures summarize the overall structure of the planned
activity in terms of methods to be employed and measurements to be made.
The descriptions of the following sections are organized on the basis of
these charts. Methodology and parameter information are tabulated to
summarize the pertinent relations among (1) the site parameters to be
determined, (2) the information needs of the performance and design
issues, (3) the technical objectives of the activity, and (4) the
methods to be used.

The hydrochemical data collected during this activity will provide
information that describes the upper part of the saturated zone in the
repository area. The spatial variabilities of hydrochemical parameters
within the site area will be described using the results of the tests
and methods of this activity. These tests involve the chemical and
isotopic analyses of samples from the upper part of the saturated zone
and that part of the unsaturated zone 1mmed1ate1y adjacent to the water
table.

3.2-3 November 27, 1991



v-T'¢

1661 ‘LT 2equeaoN

HYDROCHEMICAL CHARACTERIZATION

OF WATER IN THE L.PPER PART
OF THE SATURATED ZONE
8.3.1.23.22
Water sample, gas Chemical aid Chemical and
sample and field lsotopic analyses isolopic analyses
dala collection of gas sanipies of water samples
‘Waler-sample collaciion -Liquid scintilladion counting -Inductively coupled plasma
-Gas-sample collection -Accelersior mass emission spectiomelry
-pH, specific electrical spectiometry -Acceleralor mass spectiometry
conductence, waier lemp., “Gas-souice mass -Gas scintillation counting
inoiganic C spacies, spoctromatry Liquid scintilation courting
dissolved O, and Eh -Resonance detection mass
determination spectrometry
-Gas-source mass spectrometry
Jon counting mass spectromaetry
Solid-source mass spectiometry
-Alpha-courting spectiometry

0¥ ‘T°€°C°1°€°8 dS-SOSA-dRX

Fi~ure 3.2-2. Logic diagram for hydrochemical ch( ~torization of the upper part of the saturated zo(

ity showing tests, analyses. and methods.




c¢-2°¢:

| HYDROCHEMICAL CHAR ACTEREZATION |
OF THE SATURATED ZONE
OF WATER IN THE UPPER PART

Resolution of Obiectives

-Desctibe the hydrochemistry of the
upper part of the saturated zone
Estimate fuxtoorfromthe -
satwratod zone

1661 ‘LT x3quaaoy

8312322

'HmmwmerCUNQMhnﬂm '

Design/Performance lssues -

4hmmnu$umogumn&::r

t

Sotwretesiroms grouncwater o
4hnuuum:d¢onoﬂddchmnhhy

' ~ temperature and age

“Unsaturated-zons fiuld fhux

TRnathQMB

-Ground-water chemical
concentrations
“Ground-water Isotopic

composttion
-Ground-water contamination
‘Ground-watet flow paths
“Ground-weter age
Saturated-zone flux
Unseturated-zone fun

Figufe 3.2-3. Logic diagram for hydrochemical characterization of the upper part of the saturated zone
activity showing tests, analyses, and site parameters.

03 ‘2°€£°Z°1°¢°8 dS-5950-dHX




YMP-USGS-SP 8.3.1.2.3.2, RO

3.2.3.1 Vatar-sample, gas-sample, and fisld-data collection

Extant hydrochemical data describing the saturated zone beneath
the site area derive from saaples of two general types. The first
were pumped from variably sized discrete intervals as much as one
kilometer below the top of the saturated zone. The second were
open-hole samples and represent vertical intervals hundreds of
meters in length. This activity will collect samples from 14 extant
and 8 planned WT wells at or in the vicinity of Yuecca Mountain and
boreholas to be drilled in Fortymile Wash (Figure 3.2-1, Table 3.2-
1, and Figure 3.3-5 of YMP-USGS 8.3.1.2.1.3, Regional ground-water
flow system). These wells will be drilled under the SCP activities
listed in Section 3.1.3.1. Extant wells have only surface casing,
penetrate about 100 meters of the saturated zone, and have nominal
diameters of 0.171 or 0.222 meter. Planned wells will be similarly
constructad.

As sampling of extant wells will entail temporarily removing all
data-collesction equipment installed in them, a suite of down-hole
geophysical data will be collected in each well prior to sampling.
These data will be collected as described in Activity 8.3.1.4.2.1.3
(Borehole geophysical surveys) and will aid in description of
physical properties of the geologic units present, inter-well
stratigraphic correlatien, =nd 2ctimation of the vertical variation
of the water content of cthe unsaturated zone. The data collected
will include magnetometar, magnetic susceptibility, and gravity ~—
data, and selected experimental and commercial logs. In addition,
sidewall coras will perhaps be collectad in salected walls to
provide mineralogic and lithologic information that will augment the
utility of the geophysical data and expand the mineralogic,
lithologic, and stratigraphic data bases.

Field-data and sample collection for extant holes will entail
several steps. Currently installed equipment will be removed from
each well, as appropriate. Removed tubing will be cleaned of rust
and other foreign materials; a submersible electric pump with .
capacity of about 80 L/min will be attached and installed abou. 0 m
(33 £t) above the hole bottom. The pump will be tested for proper
and reliable operation, then operated continuously until field
analyses of the discharged water indicate that the water chemistry
has stabilized. Stabilization will be indicated by essentially
constant values or concentrations, in several consecutive samples,
of some or all of the following: pH, dissolved bicarbonate (HCOy),
lithium (Li*), bromide (Br’), chloride (Cl), nitrogen (N,), carbon
dioxide (CO,;), sulfur hexafluoride (SF;), and selected freon species.
The altitude of the potentiometric surface will be continuously
monitored during and after this developmental pumping by means of
downhole pressure transducers.

Waste water generated in the course of well development, sample

collection, and field analyses will, if required by the proximity of o
on-going or planned activities, be either temporarily stored near
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Table 3.2-1 Extant (November 1986) and planned water-table wells to be
. sampled and logged. , :

Thickness of
saturated
Approximate interval
‘ o - Well depth depth to water penetration
Well Number . , (w/ft) (m/ft) (n/ft)
| USW WT-1 | © 515/1689 471/1545 44 /144
USW WT-2 . 628/2060 - 571/1873 57/187
UE-25 WT $3 348/1142 301/ 986 . 48/156
UE-25 WT #4 482/1580 . 439/1440  ©  43/140
UE-25 WT #6 383/1256 284/ 932 99/324
USW WT-7 (s)’ 491/1610 421/1382 69/228
USV WT-8 (p) 640/2100 (e) . S
USW WT-9 (p). . '670/2198 (e) S
USW WT-10 (s) 43171613 348/1142 - 837271
USW WT-11 Canijis46 . 364/1186 . 777252
UE-25 WT #5 (c) _ -
UE-25 WT #12 (s)  399/1310 345/1132 54/178
UE-25 WT #13 " 352/1155 - 303/ 994 - 49/161
UE-25 WT #14 (s) 399/1310 346/1136 . 53/174
UE-25 WT #15 (s) ~  415/1360 35671162 . 60/198
UE-25 WT #16 521/1710 . 473/1552 © 48/158
UE-25 WT #17 443/1453 395/1296 48/157
UE-25 WT #18 (d) 62372043
UE-25 VT #19 (p) - - 335/1099 (e)
UE-25 WT $20 (p) - - 305/1000 (e)
USV WT-21 (p) - 55071805 (e) ' S
USW WT-22 (p) - 395/1296 (e)
USW WT-23 (p) - 670/2198 (e)

USW WT-24 (p) ~ 670/2198 (e)

e -- estimated; p -- planned; s -- sampled in 1988 by Desert Research
~ : ‘ B Instttute.

c -- collapsed

d -- borehole completed above potentiomettic surface, will not be sampled.
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ths well locations and intermittently trucked to a disposal site, or
continuously conveyed to a satisfactory discharge or storage site.
Coordination with other investigators will perhaps enable the use of
some of the pumped water in scheduled studies.

Following stabilization, the transducers, tubing, and pump will
be removed. An equipment assembly comprising steel tubing (inner
diameter about 62 mm), two to three external-access sliding sleeves,
two to three pneumatic packers, and pressure transducers will be
asgsembled and installed. The equipment will have the capacity for
variable spacing batween the packers. Although vertical isolation
of a sampled interval by means of packers is not certain, caliper
and televiewar data will be used to identify and delineate relative
smooth and sufficiently short borehole secticns within which
satisfactory packer deployments can be expected. Isolation will be
varified during sampling by monitoring heads below, within, and
above the samplad intervals as appropriate. Differential-pressure
transducers will be used, because the planned stresses on the
isolated zones likely will not significantly lower the
potentiometric surface within the zones. A pump will be operated
at each discrate interval until chemical stability is achieved, as
described earlier. At that time, samples will be collected for
fiald analyses of intensive properties, analyses or preservation of
selected unstabla constituents, and comprshzaszive thizical and
isotopic laboratory analyses (Table 3.2-2). Pumping for collection
of most water samples, and in sity determinations of pH, Eh, and
temperature will be performed using an umbilical equipment system.

. The system will include a submersible pump, a hydrochemical tool
(Eh, Ph, temperature), a hydraulic shifter to open and close sliding
sample ports, and pneumatic packers. The tools, pump, and packer
will be lowered using an umbilicus that contains all requisite
tubing and signal transmission cables, fibers, etc. The umbilical
system will be installed and removed using a trailer-mounted hoist
system with supporting air, electric, and hydraulic power supplies,
as appropriate.

All sample filtration will utilize filters having maximum pore
diameters of 0.1 umeter. Samples for the analyses of dissolvead
cations will be filtered, then acidified with 1-2 milliliters of
ultrapure concentrated nitric acid. Samples for anion analyses will
be filtered. Samples for nutrient analyses (NH,, NO,, PO,) will be
filtered, pressrved with mercuric chloride, sealed in dark bottles,
and stored chilled until analyzed. Samples for radiocarbon
determinations of low and high molecular weight (LMW and HMW)
dissolved organic fractions will be filtered through well-leached
filters, and the organic fractions separated in the field. HMW
compounds will be collected on XAD-8 resin, as described by Thurman
and Malcolm (1981). LMW compounds will be isolated using esither a
silica-based molecular sieve, as described by Murphy and others
(1989), or another method not yet selected. Possible selection of
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an alternate method for LMW compound isolation will derive from
discussions with geochemists and soils chemists active in this area.

Exceptions to this scheme will cccur at those extant holes where
gas samples will be collected from that part of the unsaturated zone
adjacent to the water table. The procedure for collecting gas
samples will be described in the discussion that addresses the
planned WT holes.

The planned water-table wells will ‘be constructed as described
in Studies 8.3.1.2.3.1 (Characterization of the site saturated-zone
ground-water flow system) and 8.3.1.2.1.3 (Characterization of the
regional ground-water flow system), excepc as discussed in the
following paragraphs.

Selected new wells will be vertically cored [approximately 6
centimeters in diameter), for about 25 meters immediately above the
‘saturated zone. Three to five sections of the unsaturated core
retrieved from each well will be used for extraction and analyses of
interstitial water. Extraction methodology will be developed by
Study 8.3.1.2.2.7 (Hydrochemical characterizacion of the unsaturated
zone.

Oon reaching -(or approximarely wonchizng) the water-table, &
packer or removable plug will be installed about three to five
meters above the bottom of the borehole. Heater tubing, which is
plumbed through the packer, will be attached to the exterior of the
installation tubing during entry. Following packer and tubing
installation, & vacuum pump will be used to purge air from the
isolated interval through the installation tubing until selected
absolute and relative gas concentrations, including €O, and N/CO,,
stabilize and the intentional (SF,, Li, Br) and incidental
(detergents, Freon species, *H, “Kr) drilling tracers either fall
below detection limits or stabilize at acceptably low levels
(background or steady-state levels). Monitoring of several tracers
will provide the basis for judgement at each sampling opportunity.
The fnstallation tubing will then be sealed, and the heater tubing
heated to 50 to 60 °C. Gas samples will then be collected through
the heater tubing using & peristaltic pump. :

A suite of ges samples will be cpllected for compositional
qualification and quantification, and for selected stable and
radicactive isotope determinations (Table 3.2-2). Samples for gas
composition will be collected using 10-cc syringes and 250- or
500-ml gas-collecting tubes. Samples for radiocarbon determinations
will consist of CO, sorbed on & molecular sieve in a flow-through
gas cylinder. Carbon dioxide samples for determination of the
stable isotopic ratios of C and O will be collected in 250 or 500 ml
gas-collecting tubes, as the molecular sieve method has been shown
to result in significant fractionation of the stable isotopes.
Water-vapor sa.mples for determination of ’H activity and ratios of
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stable-isotopes of H and O will be collected by pumping the air
stream through a cold trap cooled by a dry ice-acetone slurry.
Quantitative trar port of water vapor from the sampled interval
adjacent to thes water table will be assured by the heater tubing,
“which will maintain the pumped air stream at a temperature
sufficient to precluda condensation during transit between the water
table and the collection point. Quantification of recovery at the
surface will be evaluatad using either silica gel towers or a -
hygroscopic discloser. This obssrvation will be used to determine
appropriate pumping rates. Samples for determinations of noble gas
concentrations and isotopic compositions will be collected in metal
sample tubes that ara He tight. Gas samples will be collected at
selected extant WT wells, using the procedures described above,
prior to the collection water samples.

After gas sampling, the new wells will be cored about 25 m into
the saturated zona. Three to five sactions of the saturatad core
will be gravity drained in an inert atmosphere, then squeezed to
extract water from the rock matrix, if feasible. Following coring,
the wells will be drilled to schaduled depths, and down-hole
geophysical data will be collected. Water samples will then be
collacted as describad for extant wells.

3.2.3.2 Chamical and isotopic analyses of gas samples

All analyses will be conducted by existing qualified
“laboratories that have been approved by the USGS Quality Assurance
Program. Stable-isotope ratios ('"0/'%0, C/'*C, *H/H, and *He/'He)
will be analyzed using mass spectrometry. Low-lsvel gas counters
will be used to determine tritium activity in water vapor samples.
Radiocarbon samples will be analyzed by accelerator mass
spectrometry (AMS). Tracer analysis will be performed either on
site in a mobile laboratory, or in a USGS laboratory using gas
chromatography or high performance liquid chromatography (HPLC).

Carbon-14 and *H data will provide insight to the residence time
of the gases in the unsaturated zone. Isotope ratios will provide
information regarding the movement of gases in the unsaturated zone
as well as their interactions with other phases. Tracer
concentrations monitored during pre-sampling pumping and determined
in samplas collected will indicate both the extent of contamination
by drilling operations of tha unsaturated-zons atmosphere, and the
adequacy of the sampling procedure relative to the
reprasentativenass of samples collected.

3.2.3.3 Chemical and isotopic analyses of water samplas

Table 3.2-2 lists the chemical and isotopic analyses to be
performed on ground-water and/or interstitial-water samples. Not
evary analysis will be performed on each type of sample;
interstitial samples are addressed specifically in the following
discussion. All analyses will be conducted at existing qualified
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TABLE 3.2-2 .

CHEMICAL AND ISOTOPIC ANALYSES OF GASES AND WATER

| HOH . Gas composition; spatial description.
&*Hyon ° e Gas composition; spatlal description; hydrochemical
' evolution. .
} 3HOH . . Spatial description; ground-water ages (*H and 3He);
| ' drilling fluid contamination; ground-water travel time.
Cco, . Calcu- | Gas composition; spatial description; equilibrium and
lated | speciation calculations.
“co, . fSlp.'mal description; gaseous inornamc carbon age; gas |
ux.
6"Cco, . Spatial description; isotopic fractionation; gas flux;
A carbon sources; ground-water age correction; microbial
activity. : _
g $"Cco, . Spatial description; Isotopic fractionation; gas flux. i
' 6"*Opon ] L] Spatia! description; isotopic fractionation; mixing;
A - hydrochemical evolution; paleoclimate; fiow path.
in, . Gas compostion, spatial description. u
He . ) Gas composition; gas-phase drilling fluid contamination;
UZ/SZ temperature at time of flux to SZ.
He . . Gas composition; qas-phase drilling fluid contamination;
He sources; ground-water age and gas sources; mixing;
flow path; hydrochemical evolution. '
‘He ¢ ] Gas composition; gas-phase drilling fiuid contamination;
‘ He sources; ground-water gas sources; mixing; flow
path; hydrochemical evolution.
I . Spatial description; drilling fluid contamination;
hydrochemical evolution. v
Be « | Spatial description; hydrochemical evalution. l
B . Spatial description; hvdrochemical evolution. n
HCO, . Spanal description; hydrochemical evolutlon. equilibrium
: -and speciation calculations.
M Crorganic . Spatial description; ground-water age and trave! time;
- flow paths. h
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and speciation calculations.

TABLE 3.2-2 -
(Continued)
'i 8"°Crorgarie Spatial description; isotopic fractionation; ground-water

age correction; inorganic carbon source(s).

CH, Spatial description; microbial activity; gas-phase drilling

, fluid contamination.
' Couw Spatial description; organic carbon sourcel(s);

hydrochemical svolution.

“Cuiw Ground-water age; UZ/SZ flux. H

" CLaw Spatial description; hydrochemical evolution.

Conw Spatial description; organic carbon source(s);
hydrochemical evolution.

M Conew Ground-water age; UZ/SZ flux.

33Conw Spatial doscriciion; hydrochamical evolution.

N, Spatial description; gas-phase drilling fluid contamination.

NO; Spatial description; hydrochemical evolution; UZ/SZ flux.

NO; Spatial description; hydrochemical evolution; UZ/SZ flux.

F Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Ne Gas c'omposition; gas-phase drilling fluid contamination;
UZ/SZ temperature at time of flux to SZ; 3H/°He dating.

®Na Gas composition; gas-phase drilling fluid contamination;
mixing; *He production; spatial description.

21Ne Gas composition; gas-phase drilling fluid contamination;
mixing; *He production; spatial description.

2No Gas composition; gas-phase drilling fluid contamination;
Na sourcs.

Na Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Mg Spatial description; hydrochemical avolution; equilibrium
and speciation calculations.

Al Spatial description; hydrochemical avolution; equilibrium
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TABLE 3.2-2 -
(Continued)

Spatiai description; hydrochemical evolution; equilibrium
and speciation calculations. A

ﬁ PO,

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

l s+

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

6*Ssor-

Spatial description; hydrochemical evolution; S sourcel(s).

e e —

a

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

3#Cl

Spatial description; ground-water age; UZ/SZ flux.

Ar

38 Ar

Gas composition; gas-phase drilling fluid contamination;
UZ/SZ temperature at time of fluxto SZ. .. ...

Gas composition; aas:-phas;e drilling fiuid contamination;
hydrochemical evolution.

“CAr

Gas composition; gas-phase drilling fluid contamination;
hydrochemical evolution.

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Spatial description; hydrochemical evolutton, ethbnum
and speciation calculations.

K
Ca

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Cr

Spatial descnpt:on, hvdrochermcal evolution; equilibrium
and speciation calculations.

Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.

Fe

Spatial description; hydrochemical evolution; equilibrium
and speciation calcutations.

.Fe”,Fe”

Spatial description; hydrochamzcal evolutzon, equilibrium

and speciation calculations.
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TABLE 3.2-2 i .
(Continued) ~

Co : ® Spatial description; hydrochemical svolution; equilibrium
and speciation calculations.

Ni . Spatial description; hydrochemical avolution; equilibrium
. and speciation calcutations.
Cu ° Spatial description; hydrochemical avolution; equilibrium
and speciation calculations.
Zn ] Spatial description; hydrochemical avolution; equilibrium
q and speciation calculations.
Br ® Spatial description; hydrochemical evolution; equilibrium
and speciation calculations.
! Kr . . Gas compaosition; gas-phase drilling fluid contamination;
uz/sz
!{ "Kr s | Ground-water age. I
H Kr . Gas-phase drilling fluid contamination. ~
Sr . Spatial description; hydrochemical svolution; eguilibrium
and speciation calculations.
H YSr/™Sr . Spatial description; mixing; hydrochemical evolution; flow
paths; solute sourca(s). ‘
Mo . Spatial’ description; hydrochemical avolution.
Ag .. Spatial description; hydrochemical evolution. I
{ cd ' . Spatial description; hydrochemical evolution.
ﬂ r ° Spatial dascription; hydrochemical evolution.
Ba . Spatial description; hydrochemica!l svolution; equilibrium
and speciation calculations.
Xs . . Gas composiiion: gas-phase drilling fluid contamination;
UZ/SZ temperature at time of flux to SZ.
Pb . Spatial description; hydrochemical evolution.
204pp . Spatial description; mixing; hydrochemical avolution; flow
paths; solute sourca(s).
208phy . Spatial description; mixing; hydrochemical evolution; flow
paths; solute sourcels).

3.2-14 November 27, 1991



YMP-USGS-SF 8.3.1.2.3.2, RO

TABLE 3.2-2 -
{Continued)

207pp Spatial description; mixing; hydrochemical evolution; fiow
paths; solute sourcel(s). : :

oepp - Spatial description; mixing; hydrochemical evolution; flow
paths; solute sourcels).

#*2Rn Ground-water age; hydrochemical evolution; UZ/SZ fiux. H

22¢Qa Hydrochemical evolution. :
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laboratories that have besen approved by the USGS Quality Assurance
Program, as appropriate.

Caticn concentrations will be datermined using standard
inductively coupled plasma emission (ICP) spectrometric methods.
This methodology is preferred over atomic absorption spectrometry
(AAS) becausa it requires less time, requires smaller sample
volumes, and yields 20 or more elemental concentrations per
analysis. Anion concentrations will be determined using standard
ion chromatographic methcds. These methods use small sample
volumes, yield concentrarions of numerous species per analysis, and
are the methodologies rescommended by the ASTM, the EPA, and Standard
Methods for several of the common anions. Both of these analyses
will also be performed on interstitial waters, sample size
permitting.

Concentrations of selected dissolved atmospheric gases will be
determined by the collecting investigators, either in a mobile
laboratory onsite, or in a USGS laboratory on the NTS, using
standard gas chromatographic methods. Noble gas concentrations and
isotopic compositions will be detarmined by Los Alamos National
Laboratory (LANL) analysts at LANL using ion-counting or static-
noble-gas mass spectrometric methods.

Ratios of stable H, C, 0, and S isotopes in saturated-zone
waters will be determined using standard mass spectrometric methods;
interstitial samples will be analyzed for *H/H and "0/'0 ratios if
sufficient sample is available. Ratios of stable Sr isotopes will
be determinad using the solid-source mass spectrometric techniques
described by Peterman and others (1985). Lead isotopic ratios will
be determined using standard mass spectrometric techniques, similar
to those described by Tatsumoto and others (1972), and modified by
Arden and Gale (1974). .

Tritium activities will be determined using gas and liquid
scintillation counters. Radiocarbon activities in large samples
will be conventionally determined using gas scintillation counting.
Small volume samples, including the HMW and LMW organic carbon
fractions, will be analyzed using AMS. Chlorine-36 activities and
ratios will also be determined using AMS. Sampling for *Cl will be
coordinated with the work described in Study 8.3.1.2.2.2 (Water
movement tracer tests using chloride and chlorine-36 measurements of
percolation at Yucca Mountain). Resonance detection mass
spectrometry (RIS) will be used to determine ™Kr activities.
Investigators responsible for the RMP will coordinate the analyses
of samples for ®™Tc, 'I, and other radioisotopes of principal
concern. USGS laboratories will perform uranium (U) series analyses
(P'U, 3%, ®Th). Activities of ®Tc and '®I are anticipated to be so
low that sampling for them will be so difficult that their inclusion
in an analytical suite for all samples collected would have little
or no benefit. These determinations will be performed on samples
from the first two or three sites visited, however, and if
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significant activities are detected, additional determinations will
be made on subsequent samples. :

- Other radioisotopes applicable for age determinations include
¥Ar and YRr. Use of ®Ar would necessitate sample volumes greater
than 1,000 liters to isolate sufficient gas for analysis, and the
availability of a special, low-level counting facility. These,
together with the large uncertainty of calculated ages as evidenced
by the discrepancies noted when compared to “C ages (Davis and
Murphy, 1987), greatly diminish the potentiel utility of this
isotope. The distribution of *Kr has not been extensively studied,
and ground-water atomic concentrations have been reported in only
two recent publicsations (Lehmann and others, 1985; Willis and
others, 1988). Accuracy and precision of ®Kr analyses are also
limited by uncertainties that arise from the calibration of pre-
enrichment treatment of requisite large samples (100-200 liters for
RIS), and from uncertainties regarding the magnitude of subsurface
production. The possible use cf these two radioisotopes as ground-
vater dating tools will be further evaluated and may be incorporated
into this activity.

3.2.4 Methods summary

The parameters to be.determined by the testc =222 z=a2ljysis described
in the above sections are summarized in Table 3.2-3. The selected
methods for determining the parameters and the current estimate of the
parameter-value range are alsc listed. Where many approaches to
conducting the test exist, only the most common methods are fncluded in
the table. The selected methods in Table 3.2-3 were chosen wholly or in
part on the basis of accuracy, precision, duration of methods, expected
range, and interference with other tests and analyses. The laboratory
analyses represent a full range of techniques currently employed by
hydrochemists of the USGS, the academic community, and the consulting
industry for the investigation of saturated-zone hydrologic systems.

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. The expected ranges of
the site parameter have been bracketed by previous data collection or
literature survey and are shown in Taeble 3.2-3.

3.2.5 Technical procedures
- The U.S. Geological Survey quality-assurance program plan for the
“YMP (U.S. Geological Survey, 1986) requires documentation of technical

‘procedures for all technical activities that require quality assurance.

Table 3.2-4 provides a tabulation of technical procedures applicable
to this activity. All of the procedures listed are standsrd. Approved
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Page 1
Table 3.2-3. Summaery of tast h hemical characterizatio:
e¢ ~~a ypper part of the saturated zona activity (SCP 8,3,1.2.3.2.2)
.as {--} indicats information is not available or not applicable.)
Methods (selected snd Site parameter Expectsd rangs
siternate)
e ; 88mM 8 jel llectio:
Water-sampls collection - -
{selectad)
Gas-sample collection (selectad) - -
pH, specific siectrical Ground-water intsnsive properties pHB-10

conductance, water
temperature, inorganic C
spacias, dissoived O, and Eh
determinations (selacted)

Gas scintillation counting
{selected)

Liquid scintillation counting
(selected)

Accelerstor mas:' spactrometry
(selected)

Gas-source mass spectrometry
(selocted) ’

hemical isotopic snalyss

Watar-vanor isntopic composition

Woater-vapor age
Gas flux

Gas phase composition; ground-water
age; UZ/SZ flux

Water-vapor isotopic compaosition

Gas flux
Water-vapor age

Watsr-vapor isotopic composition

“co, age

Water-vapor isotapic composition

Gas-flow path

Sp. Cond. 0.05 - 60.0 msiemans/cm
5 - B0 Celsius

C species O - 300 mg/L

Eh -0.5 - + .BV

{genersl published literature)

as sample

4 0.09 - 500 T.U.

Z2R”n - 0.0 - 1000 pCiL

H 1-B500T.U.

“C 1% - 125%

“C 1% - 125%

det 2H/H -180 - + 30 per mil
del 3C/*?2C -30 - +5 per mil
del '*0/'%0 40 - +10 per mil
del /M <180 - +30 per mil
det PCN2C -30- +5 per mil
del '*0/'%0 -40 - +10 zer mil
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ummae

f tests snd methods for the
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chemical charscterization

f the er part ot the ss ne activ P 8 3.2,

(Dashes (-) indicate information i not available or not epplicables.}

Inductively coupled plasma
emission gpectrometry
(selected) -

Gas scintillation counting
(selected)

Liquid scintillation counting
(selected)

Acceleratpr mass spectrometry
(selected)

Resonance-datection mass
spectrometry. (selected)

Gas-source meass gpectrometry
{selected)

lon-counting mass spectrometry
(selected)

hemics! and jsotopic ans

Ground-water chemical concentration

Ground-water igotapic compasition

Ground-weter contamination
Saturated-zone flux
Unsaturated-zone flux
Ground-water age

Gas phase composition; ground-water
age; UZ/SZ tiux

Saturated-zons flux

Ground-water isotopic composition
Ground-weter contamination
Unsaturated-zone fiux
Ground-water age

Ground-water isotopic compaosition

Ground-waster gge
Ground-water flow path

Grognd-wam tsotopic composition

Ground-water sge
Ground-water contamination

Ground-water Isotopic composition

o8 of water samples

<600 mg/L.

'H 0.09 - 600 T.U.
*Ra 0.0 - 500 pCilL.

H 0.09 - 600 T.U.

#Rn - 0.0 - 1000 pCiL

H 1.600T.U.
“C 1% - 126% modern

“C 1% - 126% modern
®CHCl 10¢ . 10
"0 10™ . 10

®Kr 1 - 40 pCi/m® (eir)
0.1 - € pCi/m® (water)

del 2H/H -160 - + 30 per mil
del 3C/'3C  -30 - +6 per mil
BCyCI 10 - 100 ’
del 00 40 - +10 per mi
del #SA3S .40 - +40 per mil

Hel'He 10M°- 10
*Ne/®Ne 0.001 - 0.1
#Ne/®Ne 0.0 -1
CArPAr  295-400
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Page 3 Table 3.2-3. m 8 nd m d h igatio
of th he s one activ S
[Dashes {--) indicata information is not available or not applicable.]

Solid-source mass spectromeatry  Ground-water isotopic composition Yse/®*sr 0.70-0.73

{selected) 2eph/™Ph 18 - 40
BIph/Py 18 - 22
00ph/2Ph 37 - BO

Alpha-counting spsctrometry . 24/2%  0.01- 10

{selected) B4/2°Th 0.1-20
Inductively-coupled plasma Ground-watsr chemical compaosition . Veriabls for 20 slements {gensral
emission mass spsctrometry and isotopic composition published litsrature)

{selectdd)
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Table 3.2-4. Jechnical procedures for the hydrochemistry ot the upper
part of the saturated-zone activity (SCP 8,3.1.2.3.2.2) NG
Technical
procedure number: Technical procedure Effective date
{nwm-USGS-)
-$am Hecti
HP-56 Gas and vapor samp!mg from unsaturatad-zona test 04/15/88
holes
HP-23 Collection and field analysis of saturated-zone ground- 10/30/91
’ water samples
HP-86 Method for degassing carbon dioxide and water {vapor) 05/16/88
samples from unsaturated-zone test holes
HP-125 Method for extraction of pore water from tuff cores by 05/20/88
, triaxial compression
HP-200 -  Collectiois oi yroung-water samples from wells In review
\./
itl ngdlin
HP-131 Methods for handling and transporting unsaturated-core 06/13/88
and rubble samples for hydrochemical analysis
MDP-01 Identification, handling, storage, and disposition of -
drillhole core and samples (Replaced by GP-16, GP-
19,R0, and GP-28,R2)
hemical analysi
~ HP-160 Methods for analysis of samples for gas composition by 06/16/88
gas chromatography
T8D Methods for chromatographic determination of dissolved -
inorganic substances
/
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proceduras ars identified with a USGS number and a procedure effective
dats. Proceduras that raquire preparation do not have procedure
numbers.

Analytical procedures provided by support contractors or other
agencies will utilize widely accepted and standardized procedures. The
supporting contractors or other agencies will have QA programs subject
to pre-accaptance and performance audits.

Procedures that are not identified with an affective date in the
table will be completed and available 30 days before the associated
testing is started; these procedures ara also identified with a "TBD"
(To Be Determined) technical procedurs number. Many of the needed
technical procedures depend on the results of on-going prototype testing
and cannot be completed until work is done.

Applicable quality-assurance requirements are 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

and control of samples, and records requirements are included in these
documents.
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3.3 Regional hydrochemical tests and analyses
3.3 1 Objectives

The objective of this activity is to describe regional spatial
variations in ground-water chemistry in the saturated zone by examining
extant date and by collecting representative water samples from wells
‘and springs within the region and studying their chemical and isotopic

. -compositions,

3.3.2 Rationsle

The regional aspect of ground-water chemistry must be examined for
several reasons. An understanding must be available regarding
hydrochemical evolution beyond the site area, should ground-water travel
times prove sufficiently short to require that downgradient areas beyond

. the boundaries noted in Section 1.1 (Figure 1.1-2) be evaluated. A

' second reason, probably more relevant to site characterization, is that
regional hydrochemical data provide & means to refine conceptual models
of regional ground-water flow. This information contributes to the
consideration and evaluation of potentially differing geohydrologic
system aspects, such as flow boundaries, flow rates, recharge,
discharge, and the extent or significance of vertical flux. These
aspects will be incorporated in numerical ms42lc £ =:zicnal ground-
water flow, which will, in turn, provide some of the requisite boundary
conditions for site-scale models. The activity will alsoc contribute
data to geochemistry 1nvestigations bearing on geochemical transport
(see Section &.2), _

3.3.3 General approach and summaty of‘tests,aﬁd analyses

Water samples will be collected from wells, springs, and seeps as
they are identified or become available. Although many of the sites to
be considered for sampling within this region (Figure 1.1-2) are known,
some have yet to be discovered, located, constructed, etc.
Investigators have not yet 1n1tia11y visited most of the sites to assess
the feasibility and desirability of sampling them. As appropriate,
newly drilled wells will be sampled, but no drilling is proposed for

- this activity. Sites selected will include those where alternative
conceptual models of the regiocnal gechydrologic system will be tested by
‘Study 8.3.1.2.1.3 (Characterization of the regional ground-water flow
system), particulerly with regard to ground-water flow rates and
directions, and the designation of flow-system boundaries.

Hydrochemical data from these sites will also provide insight to the
origin of anomalous features in the regional potentiometric surface.

Hydrochemistry of the water samples will be determined by various
analytical techniques. The analytical data will be combined with extant
data and their interpretations, including those of Claassen (1985),
Benson and others (1983), Winograd and Thordarson (1975), Naff (1973),
and Walker and Eakin (1963), to describe spatial compositional
variations in regional ground-water chemistry.
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Figure 3.3-1 summarizes the organization of the regional
hydrochemistry tests. A descriptive heading for each test and analysis
appears in the boxes of the second row. Below each test/analysis, the
individual methods tha2t= will = utilized during testing are shown.
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 during tasting. These appear in the
boxes in the top left sidea, top right side, and below the test/analysis
boxas, 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 to be made.
The descriptions of the following sections are organized on the basis of
these charts. Methodology and parameter information are tabulated to
summarize the pertinent relationships among (1) the site parameters to
be determined, (2) the information needs of the performance and design
issues, (3) the technical objectives of the activity, and (4) the
methods to be used.

3.3.3.1 Vater-sample and fisld-data collection

Water samples will be collected from a total of from 15 to 50
walls, springs, and seeps within the region (Figure 1.1-2). The
variability within and between the types of sites to be visited
necessitates a capacity for adaptability regarding sample collection
methodologies. Wells will be pumped using methods noted in Section
3.2.3.1. As this effort will be integrated with Study 8.3.1.2.1.3
(Characterization of the regional ground-water flow system), where
feasible, water-level drawdown and recovery will be monitored during
the course of sampling regional sites. Spring and seep samples will
be collected using a peristaltic pump. Access will be via Tygon or
other appropriate tubing which will be insarted into the spring
orifice, seep pool, etc., 'to obtain an unaerated sample. As in well
sampling, pumping is preferred to grab-type sampless, as the former
is more likely to preclude atmospheric or other contamination and
is, therefore, more representative of the natural waters. Sample-
treatment and field-data collection procedures at springs and seeps
will be those used at well sites, as discussed in Sections 3.2.3.1.

Where possible, water samples will be collectad from previously
sampled sites and compared to investigate temporal changes in
hydrochemistry. Samples collected as part of this activity will
extend sample coverage to previously unsampled locations within the
regional flow system. This information, togsther with new and
extant geohydrologic information describing the saturated flow
system, will be used to estimate ground-water travel times and to
investigate the relative significances of flow-system geometry,
water/rock interactions, and geohydrologic processes with respect to
spatial variations in ground-water chemistry.
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Figure 3.3-1. Logic diagram tor regional hydrochemist 'y activity showing tests, analyses, and methods.
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3.3.3.2 Chemical and isotopic analyses of water samplec

For & detailed discussion and list of chemical parameters to be
determined, see Section 3.2.3.3 gnd Tables 3.2-2 &and 3.2-3. As
discussed in Section 2.1.1, radioisotope data will enable estimation

- of ground-water ages and flow rates. Analyses of stable isotopes of
C, 0, H, Sr, and Pb will provide insight as to the originms,
evclution. and mixing of ground waters and will aid in comparisons
of site-specific data in order to delineate possible flow paths.
These data and those collected in the first two activities of this
study will also be used by Activity 8.3.1.2.3.2.4 (Synthesis of
saturated-zone hydrochemistry) to identify the chemical and physical
processes that influence ground-water chemistry; to aid in the
identification and/or quantification of ground-water travel times,
flow paths, and fluxes to, from, and within the saturated zone; and
to estimate climatic conditions during periods of recharge.

Hydrochemical modeling using the complete hydrochemistry of
samples (as well as geologic, petrologic, and mineralogic dats) will
be performed (in Activity 8.3.1.2.3.2.4) to account for the spatial
distribution and variation of ground waters in the regional flow
system, and to provide supporting evidence for possible flow paths
and mixing mechanisms consistent with the conceptual models of
ground-water flow. The data will be used by Investigation §.3.1.3.1
in its development of a conceptual ground-water chemistry model.

3.3.4 Methods summary

The parameters to be determined by the tests and analyses described
in the above sections are the same as those summarized in Table 3.2-3,
with the exception of the gas sample analyses section, which is to be
excluded in this activity. The selected methods for determining the
parameters and the current estimate of the parameter-value range are
also listed. Alternate methods will be considered only if the primary
(selected) method is impractical to measure the parameter(s) of
interest. VWhere many approaches to conducting the test exist, only the
most common methods are included in the table. The selected methods in
Table 3.2-3 were chosen wholly or in part on the basis of accuracy,
precision, duration of methods, expected range, and 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. The expected ranges of
the site parameter have been bracketed by previous data collection or
literature survey and are shown in Table 3.2-3.
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3.3.5 Technical procedurass

The USGS quality-assurance program plan for the YMP (U.S. Geological
Survey, 1986) requires documentation of technical procedures for all
tachnical activitias that raquire quality assurance.

Table 3.3-1 provides a complete tabulation of technical procedures
applicable to this activity. All of the procedures listed are standard.
Approved procedures are identified with a USGS number and a procedure
affective data. Procedures that require preparation do not have
procadurae numbaers.

Procedures that are not identified with an effective date in the
table will be completed and available 30 days before the associated
testing is started; these procedurss are also identified with a "TBD"
(To Be Determined) technical procedure number. Many of the needed
technical proceduras depend on the rasults of on-going prototyps testing
and cannot be completed until work is done.

Applicable quality-assurance requirements are presented in Appendix
7.1.

Equipment requirements and instrument calibration are described in
the technical procedures. Lists of equipment and ztcywise pivecdures’
for cha use and calibration of equipment, limits, accuracy, handling,
and calibration neads, quantitative or qualitative acceptance criteria
of results, description of data documentation, identification, treatment
and control of samples, and records requirements are included in these
documents.
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Table 3.3-1. Jechnical procedyres for the regional hvdrochemical
! Y ivity (SCP 8.3.1.2.3.2.3}
Technical procedure '
number Technical procedure Effective date
{INWM-USGS-)
r ‘ fi
HP-23 Collection and field analysis of saturated-zone ground- 11/04/83
water samples
Chemical analvsis
HP-200 Collection of ground-water samples from wells 10/30/91
HP-160 Methods for analysis of samples for gas composition 06/16/88
by gas chromatography
T8BD Methods for chromatographic determination of ——
dissolved inorganic substances
3.3.7 November 27, 1991
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3.4 Synthesis of saturated-zone hydrochemistry
3.4.1 Objectives
~ The objecti#es of this activity are to |
(1) describe the saturated-zone hydrochemistry;

(2) idéntify chemical and physical processes that influence the
ground-water chemistry; and : . :

(3) relate compositional variations to water/rock interactions and
the physical nature of the ground-water flow system to aid in
identification and quantification ef ground-water travel times,
climatic conditions during periods of recharge, flow paths, and
fluxes, to, from, and within the saturated zone.

3.4.2 Rationale

A synthesis of saturated-zone hydrochemistry is one means by which
the ultimate objectives of gechydrologic characterization studies will
be approached. The efforts in this activity will aid in the
identification of the geochemical processes that have combined with
sround-water flow to determine the present ground-water chemistry.
Process identification will also contribute to an understanding of the
palechydrology of the region and to a general resolution of ground-water
flow paths, residence times, and recharge conditions.

3.4.3 General gpprbach.and summary of test and analyses

This activity will integrate new and extant hydrochemical,
geochenical, mineralogic, and geohydrologic data. Hydrochemical data
will be related to the chemical composition and mineralogy of the rocks
in which the waters are contained, and to the hydraulic characteristics
of the geohydrologic system. Data interpretation will include
radicactive age determinations, and speciation-solubility, mass-
transfer, stable-isotope fracticnation, and reaction-path calculations.

Hydrochemical data collected and compiled in the course of the first

- three activities of this study will be analyzed in several ways.
Graphical methods will be used to describe spatial variations in
absolute and relative concentrations of selected ground-water
constituents. The variations will be examined in light of the results
of geochemical calculations together with gechydrologic, geochemical,
and mineralogic data. This effort will provide insight to the
identitles and relative significance of sources and sinks of dissolved
constituents and will enable inferences of sources and areas of recharge
to the saturated zone and, together with calculated ages, residence

- times in the geochydrologic system.

Two Geochemistry Program studies comprising Investigation 8.3.1.3.2
(Hineralpgy._pgtrqlogy..gnd rock chemistry within the potential
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emplacement horizon and along potential flow paths), and conducted by
Los Alamos National Laboratory, will provide the baseline data set for
understanding the natural environment in which geochemical and other
processas interact. These data will contribute to the saturated-zone
hydrochemistry synthesis activity. Study 8.3.1.3.2.1 (Mineralogy,
petrology, and chemistry of transport pathways) will provide a three-
dimensional distribution of minaral types, rock and mineral
compositions, and mineral abundances within the potential host rock and
along potential flow paths to the accessible environment. Study
8.3.1.3.2.2 (History of mineralogical and geochemical alteration of
Yucca Mountain) will evaluate the history of mineralogic and geochemical
alteration at the sits.

The data compiled, integratad, and interpreted in this activity will
provide information that is approximately reprasentative of the
raspository area. The tests in this activity will involve the
integration and analysis of data from the saturated zone throughout the
site and region. An understanding of the relations between
hydrochemical, geochemical, mineralogic, and geohydrologic parametars
will further an understanding of the gacohydrologic system and will
provide a means to identify and estimate or refine ground-water flow
paths and fluxes. The results of this activity will also provide part
of the basis for predicting post-closure repository conditions.

3.4.3.1 Graphicsl analysis

Graphical mathods will be used to describe spatial distributions
. and relative concentration variations of sslscted chemical and
isotopic data. Variations will be integrated with extant
geohydrologic information, spatial distributions of saecondary
minerals, spatial petrologic variations, and whole-rock and
mineralogic compositions.

3.4.3.2 Geochemical calculations

The geochemical code used will be EQ3NR/EQ6 (Wolery, 1983,
1984). 1Isotopic fractionation calculations will depend on the
mineral phases examined. Specific examples of the types of
calculations to be made are found in Yeh and Savin (1976), Clayton
and others (1972), and O’Neil and others (1969); Friedman and O'Neil
(1977) providea a summary. Radioactive age daterminations of waters
in gechydrologic systems are discussed by Mook (1980).

EQ3NR/EQS will be used to calculate the speciation of dissolved
matarials in saturated-zone waters, and to determine the saturation
states of relsvant solid phases. Results of the speciation
calculations will contribute to the identification of geochemical
processes that are of possible significance to the saturated-zone
hydrochemistry.

Geohydrologic, hydrochemical, and minsralogic data will be used
to davelop plausible reaction models for the evolution of ground-
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wvater chemistry. Mass-transfer calculations will be used to A
estimate plausible fluxes to and from solution. The reaction models
will be tested using the reaction-path simulation capabilities of

the EQ3NR/EQé code.
3.4.4 Methods sunmary

The approach of this activity has been developed by the USGS
investigators to provide the most sensible and reasonable
interpretations of the data. The approach may be subject to _
modification if warranted by new or changed hydrochemical hypotheses
and/or by the hydrochemical evidence.

3.4.5 Quality-sssurance requirements

The current software reference for EQ3NR/EQ6 is Wolery (1983).
Additional information regarding development and future plans for .
EQ3NR/EQ6 is located in SCP Sections 7.4.4 (Geochemical modeling codes:
EQ3/6) and 8.3.5.10.3.2, Activity 1.5.3.2 (Develop geochemical
speciation and reaction model). Documentation and control of the
quality of software used for modeling are subject to the requirements
set forth in YMP-USGS QMP-3.03 (Software Quality Assurance). Modeling
is an analysis and interpretation activity, the appropriate application
of vhich 1i esauicd by rechnical review as set forth in YMP-USGS-QMP-
3.04 (Technical Review, Approval, and Distribution of YMP-USGS
Publication). .

3.4-3 , November 27, 1991



YMP-USGS-SP 8.3.1.2.3.2, RO

\_/ 4 APPLICATION OF STUDY RESULIS
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 saturated
zone beneath Yucca Mountain, The principal applications will be in the

- assessment of radionuclide migration and of ground-water travel times
(Issues 1.1 and 1.6). 1Issues concerned with assessing the repository design
and technical feasibility (Issue 4.4) and issues addressing the NRC siting

~eriteria (Issues 1.8 and 1.9) will also receive'inpuc from this study.

The application of :1te 1nformation from this study to design and
performance parameter needs required for the resolution of design and
performance issues is addressed in Section 1.2. Logic diagrams and tables

~ summarize specific relationships between performance- and design-parameter
needs and site parameters determined from this study Section 7.2 provides
additional detailed parameter relationships. :
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4.2 Application of results to support other site-characterization
investigations and studies

The following paragraphs describe how the data collected in this study
will be employed in other site-characterization investigations.

Within Investigation 8.3.1.2.1 (Regional hydrologic system), data from
the present study will be used in the Fortymile Wash recharge activity of
Study 8.3.1.2.1.3 (Regional ground-water flow system), in order to examine
the hypothesis that Fortymile Wash is or has been a source of recharge to
the ground-water flow system in the vicinity of Yucca Mountain. This
hypothesis is based on saturated-zone hydrochemical data along Fortymile
Wash and beneath the Amargosa Desert. In Study 8.3.1.2.1.4 (Regional
hydrologic system synthesis and modeling), the hydrochemistry data assembled
in the present study will be one of several lines of evidence used to
evaluate the conceptual model of the regional saturated-zone flow systenm.

Within Investigation 8.3.1.2.2 (Site unsaturated-zone hydrologic
system), data collected in the present study will complement the
unsaturated-zone hydrochemical work in the exploratory-shaft hydrochemistry
activity of Study 8.3.1.2.2.4 (Unsaturated-zone percolation - ESF studies),
and the aqueous-phase and gas-phase chemistry activities of Study
8.3.1.2.2.7 ((Unsaturated-zone hydrochemistry). Data from the present study
can assist in evaluating the flow direction and travel time of unsaturaicu-
zone water, 2s well as its geochemical evolution.

Within Investigation 8.3.1.2.3 (Site saturated-zone hydrologic system),
the present study will contribute to Study 8.3.1.2.3.3 (Site saturated-zone
synthesis and modeling), because some of the regional saturated-zone data
assembled in the present study will support the evaluation of the conceptual
model of the site saturated-zone flow system.

Within Investigation 8.3.1.3.1(Water chemistry within the emplacement
horizon and along potential flow paths), the present study will directly
assist Study 8.3.1.3.1.1 (Ground-water chemistry model) by the provision of
saturated-zone water-chemistry data requisite to the geochemical modeling of
pre-emplacement conditions in the saturated zone.

Within Investigation 8.3.1.3.3 (Stability of minerals and glasses),
saturated-zone hydrochemical data from the present study will support Study
8.3.1.3.3.2 (Kinetics and thermodynamics of mineral evolution) in assessing
the origin of alteration minerals in rock matrices and fractures of the
Topopah Spring Member, and support Study 8.1.3.3.3.3 (Conceptual model of
mineral evolution) in explaining the observed distribution of minerals in
Yucca Mountain, and the general chemical evolution of vitric tuffs.

Within Investigation 8.3.1.3.4 (Radionuclide retardation by sorption
processes along flow paths to the accessible environment), saturated-zone
hydrochemical data from the present study will be used in Study 8.3.1.3.4.3
(Development of sorption models) in the prediction of sorption coefficients
for key radionuclides, under water-rock conditions not included within the
experimental parts of the investigation.
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Within Investigation £.3.1.3.5 (Radicnuclide retardation by
precipitation processes along flow paths to the accessible environment),
saturated-zone hydrochemical data from the present study will support Study
8.3.1.3.5.2 (Colloid behavior) in evaluating the stability of waste-element
colloids under sgite-specific conditions that might be encountered at the
repository or along flow paths toward the accessible environment.

Within Investigation £€.3.1.3.6 (Radionuclide retardation by dispersive,
diffusive, and advective transport processes along flow paths to the
accessible envircnment), saturated-zone hydrochemical data from the present
study may be used in the diffusion tests in saturated tuff.

Within Investigation 8.3.1.3.7 (Radionuclide retardation by all
processes along flow paths to the accessible envircnment), saturated-zone
hydrochemical data from the present study will support Study 8.3.1.3.7.1
(Retardation sensitivity enalysis) in the evaluation of the significant and
important geochemical processes affecting transport, and in
conceptualization of a geochemical-geophysical model of Yucca Mountain.

Within Investigation 8.3.1.3.8 (Retardation of gaseous radionuclides
along flow paths to the accessible environment), gaseous-phase isotopic data
from Activity 8.3.1.2.3.2.2 (Hydrochemical characterization of water in the
upper part of the unsaturated zone) may be used indirectly in the evaluation
of potential models of gaseous radionuclide transport.

Within Investigation 8.3.1.5.1 (Nature and rates of change of climatic
conditions to predict future climates), saturated-zone hydrochemical data
from the present study will support the past-discharge activity of Study
8.3.1.5.2.1 (Quaternary regional hydrology) by providing saturated-zone
water chemistry in regional discharge aress.

Within Investigation 8.3.1.16.2 (Location of adequate water supplies),
saturated-zone hydrochemical data from the present study will augment the
chemical analyses of saturated-zone water in Study 8.3.1.16.2.1 (Location of
adequate water supply for construction, operation, closure, and
decommissioning).
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\\’/ S SCHEDULES AND HILESTONES
5.1A§chedulec

-The proposed schedule presented in Figure 5.1-1 summarizes the logic
network and reports for the four activities in the saturated-zone
hydrochemistry study. This figure represents & summary of the schedule
information which includes the sequencing, interrelations, and relative
durations of the activities described in this study. It also shows the SCP
major events for the study. Specific durations, and start and finish dates

l - for the activities are being developed attendant to on-going and evolving
planning efforts. The development of the schedule for the present study has
taken into account how the study will be affected by contributions of data

“or interferences from other studies, and also how the present study will
contribute to, or perhaps interfere with, other studies.

The sampling of the saturated zone for chemical analyses as described in
this study plan will be dependent on the drilling schedules of the water-
table holes as described in Study 8.3.1.2.3.1 (Characterization of the site
saturated-zone ground-water flow system). Accurate characterization of the
logistical aspects requisite to the collection of representative saturated-

- and unsaturated-zone ground waters and gases will require several years of
"sampling. Because of the relatively long period of time' needed, the planned
activities provide little time for delay.. :
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5.2 Kilestdnés

The level, number, and title of milestones;#ssociated with the four
activities of the characterization of the Yucca Mountain saturated-zone
hydrochemistry study are summarized in Table 5.2-1.

The information presented in Table 5.2-1 represents important summary
milestones associated with the activities presented in this study plan.
Specific dates for the milestone are not included in the tables, as project
schedules have been revised from those originally stated in Section 8.5 of
the SCP, are subject to further change due to ongoing planning efforts.
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Table 5.2-1. Milestona list for work-breakdown strycture number-1.2.3.3.1.3.2 (SCP 8.3.1.2.3.2)
{Milestone dates are unavailabls at this time.}
Milestone Milestone Milestone level
number
h izati M in -zone_hydrochemistry: i
G022 Work authorization {non-surface-disturbing)
HOO08 Study plan submittal for approval
HO10M Work authorization (surface-disturbing)
A ment gf site h hemi vailabili s
2255 Assessment of site saturated-zone hydrochemical data availability 2

and needs

2258 Hydrochemical characterization of water in the upper part of the 2
saturated zone
Qo087 Hydrochemical characterization of water in the upper part of the 2
saturated zone ’
2254 Issue report on regional ground-water chemistry 2
5.2-2
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L 7 APPENDICES

7.1 Quality nsSurapce”reqhirements
-'7.1.1 Quality assufancg requirements matrix

Determination of the quality status for the single activity of this
study will be made separately, according to AP-6.17Q, "Determination of
the Importance of Items and Activities”, which implements NUREG-1318,

- - "Technical Position on Items and Activities in the High-Level Waste
Geologic Repository Program Subject to Quality Assurance Requirements*®.
The results of that determination will be contained in the Q-List,
Quality Activities List and Non-Selection Record, which will be
controlled documents.

The QA grading packages for the activities in this study plan were
approved February 14, 1991.

Applicable NQA-1 criteria for Study 8.3.1.2.3.2 and how they will be

satisfied
NOA-1 Critexis # ~ Documents address ese " ements
/ 1. Organization The organization of the OCRWM program is
. and interfaces described in the Mission Plan (DOE/RW-005,
~June 1985) &nd further described in
Section 8.6 of the SCP. Organization of
the YMP-USGS is described in the
_following:
QMP-1.01 (Organization Procedure)
2. Quality- . 'Requirements of the OCRWM Quality
assurance ‘ Assurance Program are specified in DOE/RW-
program ' . 214, "OCRWM Quality Assurance Requirements

Document.” The YMP-USGS QA Program is
described in the following:

QMP-2.01 (Management Assessment of the
YMP-USGS Quality Assurance Program)

- QMP-2.02 (USGS Personnel Qualification)

QMP-2.05 (Qualification of Audit and
Surveillance Personnel)

7.1-1 November 27, 1991
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Scientific
investigation
control and
design

Administrative
operations and
procurement
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-

QMP-2.07 (YMP-USGS Instruction)

Each of these QA programs contains Quality
Implementing Procedures further defining
the program requirements. An overall
description of the QA Program for site

characterization activities is described
in Section 8.6 of the SCP.

This study is a scientific investigation.
The following QA implementing procedures

apply:

QMP-3.02 (USGS QA Levels Assignment
(QALA])

QMP-3.03 (Software Quality Assurance)

QMP-3.04 (Technical Review, Approval, and
Distribution of YMP-USGS Publications)

QMP-3.05 (Work Request for NTS Contractor
Servicas [Criteria Letter]))

QiP-3.06 (Scientific Investigation Plan)
QMP-3.07 (YMP-USGS Review Procadures)

QMP-3.10 (Verification of Scientific
Investigations)

QMP-3.11 (Peer Review)
QMP-3.13 (Design Input)
QMP-4.01 (Procurement Document Control)

QMP-4.02 (Control of Intra-USGS
Acquisitions)

7.1-2 November 27, 1991



Instructions,
procedures,
plans, and
drawings

Document control

Control of
nurchased items
and services

Identification
and control of

itens, samples.'
and data .

Control of
processes

YMP-USGS-SP 8.3.1.2.3.2, RO

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

QMP-5.01 (Preparation of Technical
Procedures)

QMP- -5.02 (Preparation and Control of

Drawings)

. QMP-5.03 (Development and Haintenance of

Qualicty Management Procedures)

QMP-5.04 (Preparation and COntrol of the
YMP-USGS QA Program Plan)

QMP-S.OS (Scientific Notebook)
QMP-6.01 (Document Control);

QMP «7.01 (Control of Purchased Items and
Services)

QMP-8.01 (Identification and Control of
Samples) ,

QMP-8.03 (Control and Transmittal of
Technical Information to the Project
Technical Data Base)

Not appliceble
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10.

11.

12.

13.

1l4.

15.

16.

17.

18.

Inspection
Tast control

Control of
measuring and
tast equipment

Handling,
shipping, and
storage

Inspection,
test, and
operating status

Control of
nonconforming
items

Corractive
action

Records
management

Audits

YMP-USGS-SP 8.3.1.2.3.2, RO

Not applicable

Not applicable

QMP-12.01 (Instrument Calibration)

QMP-13.01 (Handling, Storage, and Shipping
of Instruments)

Not applicable

QMP-15.01

QMP-16.01
Reports)

NUP-1£ N2
QMP-16-03
QMP-17.01

QMP-17.03

QMP-18.01

QMP-18.02

7.1-4

(Control of Nonconforming Items)

(Control of Corrective Action

7Corntrol of Stop-Work Cxders)

(Tfend Analysis)

(YMP-USGS Records Management)

{(YMP-USGS Local Racords Center)

(Audits)

(Surveillance)

November 27, 1991
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7.2 Rcldtionships between the site 1nformation.;o be developed in this study
and the design and performance information needs specified in the SCP

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

All design and performance issues that obtain data from this study
are noted in the table. For each issue, the site parameters (from SCP
8.3.1.2) are related to the design and performance parameters reported
in the performance allocation tables (from SCP £.3.2 - §.3.5).

Parameter categories, as noted above, are used to group the design and
performance parameters with the site parameters so that comparisons of
information requirement (design and performance) with 1nformation source
(site study) cen be made.

‘ For each design and performance parameter moted in the table, the
associated goal and confidence (current and needed) and site location
are listed. For each parameter category, the associated site parameters

‘are listed with information about the site location and the site
activity providing the information.

Note - Comparison of the information relations (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 parameters) with the right side of the.
table (site parameters) within a parameter category should pot be made.
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Table 7.2-1 Design and performance issues ard parameters supported by results of this study

Design end Performance
Parameters

Parameter Location

Parsmeter Coal and
Confidence

(Current and Needed)

Site Parameters

Parameter Location

Site Activity

Issue 1.1

Totsl system performence

Performance Measures: EPPH®, nominal case, release scenarfo clasd €, water pathuay relesse

(scP 8.3.5.13)

Average length of flow
paths through ssturated
zone from C-area to the
accessible enviromment
boundary (hydrochemicelly
determined)

Ssturated-zone fluid flux
(hydrochemically
determined)

Major-ion water chemistry
(cosposition, Eh, pH)
sbient rock mass pore
fluids

Profiles of bicarbonate
concentration in liquid

phase

Average flux through
repository srea in
saturated zone

Parameter Category: Saturated-zone ground-water chemistry, temperature, and age

Primery ares snd
extensions; Ssturated
one

Repository aree;
Ssturated zone

Goal: To be determined
Current: Low
Needed: Nedium

Ground-water age

Ground-water cheaical
concentration

Ground: uater
contamination

Ground-water intensive

properties (e.g.
temperature, conductance)

Ground-water {sotopic
composition (8010,
o, e/

Yuccs Mountein; site, ond 8.3.1.2.3.2.1

reglion; Seturated zone
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Teble 7.2-1 Design and performence issues and parameters supported by results of this study

oélm end Performance Parsmeter Location Parameter Goal and Site Peremeters Parameter Location Site Activity
Paremeters Confidence '
. (Current and Needed)

lsﬁn 1.1 Total system performance ‘ (scp 8.3.5.13)

Performance Messures: EPPNY, nominel cese, release scensrio class E, water pathway release

.

Paremeter Category: Saturated-zone ground-weter chgmlstry, temperature, and sge

-

. Rodloisotope activity Yucca Mountain; site, and 6.3.1.2.3.2.1

e, 3my - reglon; Saturated zone
- Ground-water age Yuccs Mountain end 8.3.1.2.3.2.2

vlelﬁlty: Seturated rone
upper 100 m; USW WT-1, 2,
7, 10, 11; UE-23 uT-3, &,
6, Ur-12, 13, 14, 15, 16,
7. 8, 9, 19, 20, 27, 22,

3, 4
1]
_ Ground-water chemicel o " A -
concentrations
Ground-water “ - "
contamination
Ground-water intensive " -
properties (e.g.
tenperature, conductance)
Ground-water fsotopic . . " e a

composition ('5(_)/'60,
om, e/
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Table 7.2-1 Design end performence issues and parameters supported by results of this study

Parameter Goal and
Confidence
(Current and Keeded)

Design and Performance Parsmeter Location

Parameters

Site Perameters

Parsmeter Location Site Activity

issue 1.1 Total system performance

Performance Measures: EPPN®, nominal case, relesse scenario class E, wster pethucy relesse

(scp 8.3.5.13)

Parsmeter Cotegory: Saturated-tone ground-water chemistry, tempersture, and age

0¥ ‘Z°€°Z°1°€'§ dS-SOSO-dHK

Redfoigsotope sctivity Yucce Mauntein and 8.3.1.2.3.2.2
("c. 3M) vicinity; Saturated zone,
upper 100 m; USV WI-1, 2,
7, 10, 11; UE-25 UI-3,
: 4,6, Wi1-12, 13, %, 15,
16, 17, 8, 9, 19, 20, 27,
22, 23, %
Growrxi-uater age Nevada Test Site and 8.3.1.2.3.2.3
surrounding region;
saturated zone !
Ground-uater chemical - "
concentration
Ground-water cosposition " "
1%/ %, o4,
"er“s'r,
3hg/32%
Ground-water " "
contamination
- _{
\
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Table 7.2-1 Design end performence §ssues snd perameters supported by results of this study

Pesign end Performance . Peremeter Location Parameter Goal snd Site Parsmeters
Parameters S Confidence
(Current and Needed)

Parsmeter Locetion

Site Activity

Issve 1.1 Total system performance

Performence Messures: EPPH®, nominal cese, relesse scensrfo class €, water pathway releese

(scP 8.3.5.13)

Parsmeter Coategory: Seaturated-zone ground-weter chemistry, ienpératuro, snd age

Ground-water intensive

properties (e.g.
tempersture, conductance)

Redioisotope activity

Parameter Category: Saturated-zone ground-water flux

Gys average discherge in  Controlled ares; Goel: <32 mm/yr ) . Ground-water flow paths
saturated zone under Saturated zone : "7 Qurrent: Low

controlled area (scenario Needed: Medium

class E, nominal

case)b"’

Saturated-zone flux

Mevada Test Site snd
surrounding region;
Saturated 2one

8.3.1.2.3.2.3

Yucca Mountain; site, and  8.3.1.2.3.2.1

region; Saturated zone

Tucea Mountain and
vicinity; Ssturated zone

04 ‘T'€°2°1°¢°8 45-595n-ANRX
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Table 7.2-1 Oesign snd parformence issues and parsmeters supported by results of this study

Design and Performance Perameter Location Parsmeter Gosl and Site Parameters Peremeter Location site Activity
Parsmeters Confidence
(Current and Needed)

Issue 1.1 Total system performance . _ (SCP 8.3.5.13)

Performance Measures:

Parameter Category: Ssturated-zone ground-water flux

Ground-water flou paths Yucco Mountain and 8.3.1.2.3.2.2
vicinity; Ssturated zone

. upper 100 m; USW WT-1, 2,

7, 10, 11; UE-25 uT-3, &,

6, ur-12, 13, 14, 15, 16,

17

Saturated-zone flux : " "
Ground-water flow paths Neveda Test Site and 8.3.1.2.3.2.%
surrounding region;

Ssturated zone

Saturated-zone flux » "

Parsmeter Category: Geochemical conceptual/descriptive models

Vater-rock injections, Repository area; Goat: To be determined Geochemical reaction Yucca Mountain, site snd 8.3.1.2.3.2.4

chemical ond physical Saturated zone Current: Low model ing region; Satursted zone
processes that influence Needed: Medium

ground-uwater chemistry

0¥ ‘z°£°2°1°t"8 dS-SOsSn-dnx
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Table 7.2-1 Uesign snd performance issues and parsmeters supported by results of this study

Design ard Performance Parsmeter Location Parsmeter Gosl and Site Parometers ‘ Perameter Location site Activity
+ Perameters Cont idence
(Current and Needed)

Issue 1.6 Pre-uaste-enplacement, ground-uster travel time (scr 6.3.5.12)

Performance Measures: (Supporting paremeters used in caleulating performance parameters for ground-uater travel time.)

Parometer Cotegory: Satursted-zone ground-wster chemaistry, tesmpersture, and age

Distance slong flow paths Controlled sres; Goal: To be determined Ground-wster age Yucca Wountain; site, snd 8.3.1.2.3.2.9

(hydrochemicatly Satursted zone Current: Low reglon; Saturated zone

determined) Needed: Medium

Isotopic ratios, grouxd ~ Repository area; : " Grot'nd-uaur chemicel ‘ » "

wster residence time Satursted zone concentration

(fractures and rock

matrix)
Ground-uater " "
contasination !
Ground-uaster intensive " “

properties (e.g.
teaperature, conductance)

Ground-water isotopic " "
composition (wOI“O,
orm, YesVec)

Radioisotope activity " "
e, 3wy

0¥ ‘Z2°€°2°1°€"8 dS-S9SN-THA
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Table 7.2-1 ODesign and performence issues and poraﬁtm supported by results of this study

Design end Performence Parameter Location Psrameter Goal and Site Parsmeters Parameter Location Site Activity
Perameters Confidence :
(Current and Needed)

1ssue 1.6 Pre-waste-emplacement, ground-water travel time o ' (scP 8.3.5.12)

Performance Measures: (Supporting persmeters vsed In celevlating performence parameters for ground-water travel time.)

Parameter Category: Saturasted-zone ground-wster chemistry, temperature, ard sge
Ground-water age Yuceca Mountein and 8.3.1.2.3.2.2
vicinity; Seturated zone
wpper 100 m; USW WI-9, 2,
7, 10, 19; UE-25 WT-3, &,
6, Ur-12, 13, 14, 15, 16,
17, 8, 9, 19, 20, 27, 22,

23, 24

Ground-water chemical . g "
concentrations

.
Ground-water o o LA : . -
conteminat ion
Ground-water intensive " ‘ "
properties (e.q.
temperature, conductance)
Ground-water {sotopic " -

composition ('BOIMD,
om, c/¥%
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Teble 7.2-1 .Oesign and performence issues and parimeters supported by results of this study

Design snd Performance Perameter Location Paremeter Goal and Site Parameters Parometer Location Site Activity
Perameters _ Conf idence
(Current and Needed)

issue 1.6 Pre-waste-emplacement, ground-uater travel time . (scp 8.3.5.12)

Performence Measures: (Supporting parameters used in celculating performance parameters for ground-uster travel time.)

Paraweter Category: Satursted-zone ground-water chemistry, tespersture, and age

Redicisotope sctivity Yucca Mountain snd 8.3.1.2.3.2.2
(“c, su) vicinity; Satursted zone,
upper 100 m; USY MI-1, 2,
. 7, 10, 11; UE-25 uI1-3,

4,6, WI-12, 13, 14, 15,
16, 17, 8, 9, 19, 20, 27,
22, 3, %

Ground-water age Neveda Test Site and 8.3.1.2.3.2.3
surrounding region;
Saturated zone !

Ground-water chemicel " .
concentration

Ground-vater cosposition " -
Y%/'60, o/u,

B¢\,
875,.,86$r .

34g,32¢

Ground-water " L
contamination

08 ‘T°E°T°1°€'8 dS-SOSN-dRA
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Teble 7.2-1 Design and performance {ssues and pormeteﬁ supported by results of this study

Design and Performance ‘ Perameter Location Parsmeter Gosl and Site Parameters Paremeter Locotion Site Activity
parsmeters Confidence
(Current and Needed)

Issuve 1.6 Pre-waste-emplacement, ground-water travel time : (scp 8.3.5.12)

Performance Measures: (Supporting persmeters used in coleulsting performance parameters for ground-water trevel time.)

Parsmeter Category: Saturated-zone ground-water chenilstty, temperature, and age

Ground-water intensive Neveda Test Site and 8.3.1.2.3.2.3
proper.ﬂes (e.9. surrounding region;
temperature, conductence) Saturated zone

Radioisotope activity ’ " "
e, 3m

Parameter Category: Saturated-rone ground-water flux

Elux, flow rate (Rock Controlled ares;  Goal: Meen - | Ground-water flow peths \'i;cu Mountain; site, end .8.3.1.2.3.2.1
mass) Saturated zone, upper 100  Current: Low. c ‘ ) ’ region; Saturated zone '
o m Meeded: Medium
Saturated-zone flux ‘ Yucca Mountain and "

vicinity; Saturated zone

Ground-uater flow paths Yucea Mountain end 8.3.1.2.3,2.2
vicinity; Ssturated zone
upper 100 m; USW WT-1, 2,
7, 10, 11; UE-25 WT-3, &,
6, WT-12, 13, 14, 15, 16,
17

L]
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Teble 7.2-1 Design and performence issues and paremeters supported by results of this study

Design end Performance Perometer Location Parameter Goal and Site Parsmeters
Psrameters Confidence
(Current and Keeded)

Perameter tocetion

site Activity

Issue 1.6 Pre-uaste-esplacement, gromd-nter. travel time

Performance Measures:

(SCp 8.3.5.12)

Parameter Cetegory: Saturated-zone jround-water flux

Saturated-zone flux

Ground-water flow paths

Saturated-zone flux

Yucca Mountain end
vicinity; Saturated zone
upper 100 m; USY UT-1, 2,
7, 10, 11; UE-25 WI-3, &,
6, UT-12, 13, 14, 15, 16,
”

Nevada Test Site and
surrounding regfon;
Saturated zone

8.3.1.2.3.2.2

8.3.1.2.3.2.3

oY 'i'C'Z'T'C’B 4S-S9sn-dnK
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Teble 7.2-1 Design and performance issues and perameters supported by results of this study

pesign and Performence

Parameter Location Parameter Goal and Site Parameters

Persmeter Locetion

Site Activity

Parameters Confidence
(Current and Needed)
lasve 1,10 Waste package cheracteristics (postclosure) (ScP 8.3.4.2)

Performance Measures: Ouality of liquid water that cen contect the container

Ouantity of liquid water that cen contact the container

HMinerslogy and water Repository ares;
quality: vedose water Repository block:  ¥Sw2 Current:
composition Needed: Nigh

Vater quantity:

single-phese fluid flow

Parameter Category: Unsaturated-zone fluid cbemlsfry and temperature, and age

eoy a0e

Water vepor isotopic
composition

Vater-vapor age

Paremeter Cetegory: Unssturated-zone fluid flux
Repository ares; . Unsaturated-zone flux
Repository block: TSw2 = Current:
Reeded: High

Yucea Mountain end
vicinity; Unseturated
zone {smediately sbove
the water teble

Yucea Mountain; site, and
region; Unsaturated zone
immedistely above the
water table

Yucca Mountain end
vicinity; Unseturated

zone immediately above
the water table

Yucca Mountain; site, end
region; Unsaturated zone
immediately sbove the
water tsble

8.3.1.2.3.2.2

8.3.1.2.3.2.1
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Table 7.2-1 Design and performance issues and parsmeters supported by results of this study

Oesign and Performence Parameter Location Parsaster Gosl and Site Parameters
Parameters Conf idence
(Current arxd Heeded)

Parsmeter Locstion Site Activity

Issue 1.10 VWaste package characteristics (postelosure)

Performance Measures: Guantity of liquid water that cen contact the contsiner

(SCP 8.3.4.2)

Parameter Category: Unsaturated-zone fluid flux
Water quantity: Repository area; Gas flouw path
tuo-phase fluid flow Repository block: TSw2 Current:
Needed: Migh

Gas flux

Unsatursted-zone flux

Yucca Mountain and 8.3.1.2.3.2.2
vicinity; Unsaturated

tons {umediately above

the uater teble

L] o
] o
Nevads Test Site and 8.3.1,2.5.2.3

surrounding sres;
satursted zone
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Table 7.2-1 Design ond performance issues and persmeters supported by results of this study
besign and Performance Parameter Location Parameter Gosl and Site Parameters Parameter Location Site Activity

Parameters Confidence
o (Current and Needed)

Issue 4.4 Repository construction, operatien, closure, and decommissioning technolegies

Performence Measures: Removsl rate equal to rate of inflow

(scp 8.3.2.5)

Parameter Cotegory: Unsaturasted-zone fluid flux
Netural-water inflow Repository facilities; Goal: Actusl inflow rate Unseturated-zone flux
to accuracy of +/- 10 gpm

Current: Low
Needed: Medium

Ges flow path

Gas flux

Unsaturated-zone flux -

Yucce Mountain; site, and 8.3.1.2.3.2.%
region; Unsaturated zone

{mmediately above the

water table

Yucca Mountein snd . 8,3.1.2.3.2.2
vicinity; Unsaturated
zone irmedistely sbove
the water tsble

] [ ]
[ ] -
Kevada Test Site and 8.3.1.2.3.2.3

surrounding ares;
Saturated 20ne
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7.3 Change requast notices

The following Change Requests (CR) contain proposed changes to the Site
Characterization Planning Basis (SCPB) based on the current draft of this
study plan.

7.3-1 November 27, 1991
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The following is for the Office of Civilian Radioactive Waste Management

_ Records Management Purposes only and should not be used when ordering this
document :

Assession number: NNA.920311.0210



