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ABSTRACT 

This study plan describes the plans for gaseous- and aqueous-phase chemical 

investigations at Yucca Mountain, Nevada. These activities will contribute to 

our understanding of the unsaturated-zone hydrochemical environment at the site, 

providing h*drochemical-parameter input for the resolution of design and 

performance issues. The two activities described in this study plan involve 

collection of water and gas samples from surface-based boreholes, preparation of 

the samples for analysis, and methods of hydrochemical analyses to be employed.  

The chemical and isotopic tests will include analysis for inorganic cations and 

anions, organic compounds, and stable isotopes. In addition, age dating, gas 

diffusion. and contamination testing will be conducted.  

The rationale of the overall hydrochemical characterization of the 

unsaturated-zone study is described in Sections I (Regulatory rationale) and 2 

(Technical rationale). Section 3 describes specific activity plans, including 

tests and analyses, selected and alternate methods, and technical procedures to 

be used. Section 4 summarizes the application of the study results and Section 

5 presents the schedules and associated milestones.
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1 PURPOSE AND OBJECTIVES OF STUDY 

1.1 Purpose of the Study Plan 

The U.S. Geological Survey (USGS) is conducting studies at Yucca 

Mountain. Nevada, as part of the Yucca Mountain Project (YMP). The purposes 

of the USGS studies are to provide hydrologic, hydrochemical, and geologic 

information to evaluate the suitability of Yucca Mountain for development as 

a hizh-level nuclear-waste repository. In particular, the project is 

designed to acquire information necessary for the Department of Energy (DOE) 

to demonstrate in its environmental-impact statement and license application 

that the proposed mined geologic disposal system can be expected to meet the 

requirements of federal regulations 10 CFR Part 60, 10 CFR Part 960, and 40 

CFR Part 191.  

This study plan describes the USGS plans for collection, transportation, 

preparation, and chemical and isotopic analyses of gas and water samples 

collected from the unsaturated zone at Yucca Mountain. The study is 

organized into two activities: 

o S.3.1.2.2.7.1 - Gaseous-phase chemical investigations; and 

o 8.3.1.2.2.7.2 - Aqueous-phase chemical investigations.  

Note that the numbers (e.g., 8.3.1.2.2.7.1) used throughout this plan 

serve as references to specific sections of the YMP Site Characterization 

Plan (SCP). The SCP (U.S. Department of Energy, 1988) 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.  

Figure 1.1-1 illustrates the relationship of the study within the SCP 

geohydrology program. The study is one of nine studies planned to 

characterize the unsaturated zone at Yucca Mountain. Seven of the studies 

are surface-based evaluations and two, 8.3.1.2.2.4 (Characterization of 

Yucca Aountain unsaturated-zone in the Exploratory Studies Facility) and 

8.3.1.2.2.5 (Diffusion tests in the exploratory studies facility), will 

study the in situ hydrologic characteristics of Yucca Mountain from ramps 

and underground drifts including Hydrochemical tests in the exploratory 

studies facility (8.3.1.2.2.4.8). The two activities in this study were 

selected on the basis of a number of factors. Time and schedule 

requirements were considered in determining the number and types of tests 

chosen to obtain the required data. Tests were designed on the basis of 

design- and performance-parameter needs, available test and analysis 

methods, and test scale and interference. (Parameter is used in this plan 

to mean a property, characteristic, and/or value of a constant that is used 

to describe the unsaturated-zone hydrologic system.) These factors are 

described in Sections 2 and 3.  

Plans for gaseous- and aqueous-phase chemical investigations are 

described in Sections 3.1 and 3.2, respectively. The descriptions include 

(a) objectives and parameters, (b) technical rationale, and (c) tests and 

analyses. Alternate methods of testing and analysis are summarized, and

June 30, 19931.1-1
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cross references are provided for technical procedures.  

Application of the study results is summarized in Sections 1.3 and 4, 

schedules and milestones for the study and activities are presented in 

Section 5. and a study-plan reference list is presented in Section 6.  

Quality-assurance requirements are documented in Section 7.1.  

1.1.1 Prototype testing 

The USoS investigators responsible for the activities described in 

Section 3 have chosen and proposed testing procedures that they expect 

will work as planned. These procedures have not been previously tried.  

Therefore, prototype tests to evaluate the feasibility of the proposed 

methods were conducted.  

Prototype testing will serve several purposes, including the 

development of reasonable and adequate quality-assurance procedures and 

an assessment of the data-acquisition and storage needs of individual 

tests. Primarily, prototype testing will provide an opportunity to 

understand, implement, refine, and practice testing procedures prior to 

the actual field implementation.  

Prototype tests include: tracer tests, triaxial compression tests, 

and uniaxial compression tests. These tests will develop and test 

techniques that are directly applicable to the gaseous- and aqueous

phase chemical activities. In addition, perched-water and wet versus 

dry drilling prototype testing which are pertinent to the present study 

are discussed in Study 8.3.1.2.2.4 (Characterization of Yucca Mountain 

unsaturated-zone in the exploratory studies facility).  

The critical prototype testing must be completed successfully before 

the site-characterization testing is started. Characterization of the 

site will not be conducted by methods described in this Study Plan if 

prototype testing demonstrates that the methods and/or equipment cannot 

be applied successfully to Yucca Mountain. Prototype tests critical to 

the continuation of this study are underway, and their progress and 

development up-to-date are described below.  

Pore water extraction by compression prototype testing has been 

ongoing for several years. Results to date indicate that pore water can 

be obtained from nonwelded cores with saturations as low as 16% and from 

welded cores with saturations as low as 37%. Chemical results indicate 

that chemistry changes caused by the compression process are 

insignificant relative to the differences that exist in the natural pore 

water chemistries due to differences in physical, hydrologic and 

chemical properties of different lithologic units as well as within 

lithologic units. This indicates that the compression procedure is an 

adequate means of collecting pore water samples. Results of this 

testing have been reported in Yang, et al, 1988; Peters, et al, 1992; 

Peters, et al, 1993; and several reports that are currently in 

preparation.  

Aqueous and gaseous tracer prototype testing has been ongoing for 

several years. The aqueous laboratory testing has been completed and 

recommendations for primary, secondary, and tertiary aqueous tracers

June 30, 19931.1-3
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have been identified (Bowman, et al, 1990; Kool, 1990; and other reports 

currently in preparation). Field testing of aqueous tracers will be 

undertaken as opportunities arise. Gas tracer lab testing will be 

completed in 1993, preliminary recommendations for gas tracers will be 

identified in a report to be completed in 1994. Field gas tracer 

zesting of the injection and withdraw of borehole drilling air has been 

ongoing, both at Apache Leap, AZ and at UZ16 at the NTS, and will 

continue during drilling in 1993 at the NTS. Results of the field gas 

tracer testing will be reported in publications at the conclusion of 

this testing.  

Wet versus dry drilling prototype testing and perched water 

prototype testing were undertaken in G-tunnel in 1989-1990. Results of 

this testing will be discussed in reports by Chornack, et al, that are 
currently in process.  

Additional methods development prototype testing, such as core 

sealing, near fracture water sampling, packer and borehole liner 

systems, etc., have been ongoing and will continue to be undertaken as 

situations warrant. Results of these tests will be documented in 

publications as they are completed.

June 30, 19931.1-4
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1.2 Objectives of the study 

Hvdrochemical evaluation of the unsaturated zone will aid in the 

understanding of flow and transport of gas and water in the tuffs at Yucca 

Mountain. The data resulting from the hydrochemistry analyses will 

complement other data from hydrologic and hydrochemical studies of the 

unsaturated and saturated zones. The objective of this study is to 

characterize the hydrochemistry of the unsaturated zone by (1) determining 

transport mechanisms, flow directions, and travel times for gas and water, 

(2) determining the extent of water/rock interactions, and (3) providing 

conceptual hydrologic and geochemical models based on the results of 

hydrochemical analysis. These concepts will help evaluate the potential for 

migration of radioactive wastes stored at Yucca Mountain.  

The specific objectives of individual activities in the unsaturated-zone 

hydrochemistry study are: 

"o 8.3.1.2.2.7.1 - to understand the transport mechanism, flow direction, 

flux, and travel time of gas within the unsaturated 

zone; and 

"o 8.3.1.2.2.7.2 - to implement methods designed in prototype testing for 

extracting unaltered pore water from unsaturated-zone 

tuff units; to obtain hydrochemical data to provide 

evidence of flow direction, flux and travel time of 

water; and to determine the geochemical evolution of 

ground water within the unsaturated zone by 

hydrochemical and isotopic techniques.  

Figure 1.2-1 shows the location of Yucca Mountain at which samples for 

the unsaturated-zone hydrochemistry test will be collected. Specific 

boreholes to be sampled and overall sampling strategy are summarized in 

Sections 2.1.3.1 (Gaseous-phase sampling) and 2.1.3.2 (Aqueous-phase 

sampling). This study is confined to that area of Yucca Mountain 

immediately overlying and adjacent to the boundaries of the proposed 

repository block. Vertically, the study extends from the near surface of 

Yucca Mountain down to immediately above the water table. Figure 1.2-2 

depicts the relation between the stratigraphic, geohydrologic, and 

thermal/mechanical units at Yucca Mountain. Figures 1.2-3 and 1.2-4 show 

the location of the proposed repository block in relation to the gaseous

and aqueous-phase sampling locations. Table 1.2-1 lists the chemical and 

isotopic analyses for the hydrochemical tests.  

The objectives initially identified in this document, evaluation of 

chemical reactions and producing data that will help evaluate fluxes and 

transport times, should in fact be feasible although the achievement of 

these goals may be far from straight forward.

June 30, 19931.2-1
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Table 1.2-1. Chemical and isotopic analyses

Parameter Chemical species Remarks 

Inorganic Na, Ca, Mg, K, HCO 3 , Types of ongoing chemical 
cations and SO,, Cl, pH, SiO2 , reactions. Residence times of 
anions Mn, Fe, Al fracture fluids.  

Rare-earth elements Fluid inclusions in secondary 
and other trace minerals to identify the sources 
elements. of water.  

Organic Organic compounds Forming of organometallic 
compounds (trace amounts) complexes that change the 

mobility of radionuclides.  

Stable isotopes 180/160, D/H ratios Timing of major recharge events.  
and 8 7Sr/ 8 6Sr. Fluid inclusion in secondary 

minerals to identify the sources 
of water. 8 7Sr/ 8 6Sr will 
delineate past fluid pathways 
through the volcanic rocks.  
Important to understanding 
fracture flow.  

Age dating 14C, 3H, 13C/1 2 C Age and travel time of 
ratio, 36 CI* unsaturated-zone waters. Style 

and pattern of fluid flow in the 
unsaturated zone.  

Gas diffusion Freon-11, Freon-12*, Diffusion of gases (14C, 3H, and 
CO 2 , H2 , SF 6 , CH4 , Ar, 3 9Ar) into the unsaturated zone.  

02, N2 

Contamination Li, Br, I, NO3 , B03  Washdown of tracers.  
check

* 3 6C1 work to be performed by Los Alamos National Laboratory in Study 
8.3.1.2.2.2.1 (Chloride and Chlorine-36 measurement of percolation at Yucca 
Mountain).  

Freon concentration is currently about 0.5 to 0.8 ppm in the atmospheric 
air, and can be used as a natural tracer in the determination of downhole 
air contamination.

June 30, 1993
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1.3 Regulatory rationale and justification 

The results Of unsaturated-zone testing will provide hydrologic data for 

calculations of the unsaturated-zone ground-water travel time and the 

predictions of radionuclide releases to the accessible environment.  

Hydrologic properties determined in the study will be used in design 

analyses of the underground facility, repository seals, and waste packages.  

The overall regulatory-technical relations between the SCP design

and performance-information needs and the data collected in this study 

are described in the geohydrology testing strategy (SCP Section 8.3.1.2) 

and the issue-resolution strategies (repository, seals, waste package, 

and performance assessment; SOP Sections 8.3.2 - 8.3.5). The 

description presented below provides a more specific identification of 

these relations as they apply to this study. A detailed tabulation of 

parameter relations is presented in Appendix 7.2.  

Project-organization interfaces between the Hydrochemical 

characterization of the unsaturated-zone study (8.3.1.2.2.7) and the YMP 

performance and design issues are illustrated in Figure 1.3-1. The 

figure a'so indicates project interfaces with other site studies: these 

relations are described further in Section 4.2. The relations between 

the design and performance issues noted below and the regulatory 

requirements of 10 CFR 60 and 10 CFR 960 are described in Section 8.2.1 

of the SCP.  

Information derived from the study will principally support the 

determinations of pre-waste-emplacement, ground-water travel time (Issue 

1.6) and the predictions of radionuclide releases to the accessible 

environment (Issue 1.1). Study results will also be used in the analyses 

for repository underground-facility design (Issue 4.4). Unsaturated-zone 

information on fracture characteristics and hydrologic/hydrochemical 

conditions -ill be used in developing the design requirements for the waste 

package Jissue 1.10) and shaft and borehole seals (Issue 1.12).  

Performance Issue 1.1 
(Total-system performance for limiting radionuclide release to the 

accessible environment) 

This issue requires that the geologic setting, engineered barrier 

system. shafts, boreholes, and seals be selected and designed so as to limit 

the cumulative releases of radionuclides for 10,000 years following 

permanent closure of the repository. Site information resulting from the 

hydrochemical characterization of the unsaturated-zone study will be used to 

satisfy the requirements of numerous supporting parameters needed to 

evaluate the nominal case of Scenario Class E of the issue-resolution 

stratezv for total-system performance. Descriptions of the scenarios are 

given in SCP Section 8.3.5.13. The supporting parameters are used in 

calculations of the performance parameters for the different scenarios.  

The performance parameters for each of the scenario classes apply to 

complementary cumulative distribution function (CCDFs). For example, 

Scenario Class E has three CCDFs: one for the unsaturated-zone liquid 

pathway. one for the saturated-zone liquid pathway, and one for the gas 

pathway. Determination of each of these CCDFs depends upon data from

June 30, 19931.3-1
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performance parameters, which in turn depend on calculations from supporting 

parameters. The calculations are based on site information collected in the 

study These relations are described in the SCP and are further documented 

in Appendix 7.1.  

Unsaturated-zone hvdrochemical properties determined in this study 

(e.g.. pore-gas composition, isotopic ratios. and pore-water hydrochemical 

compositions) contribute to Issue 1.1 supporting parameters employed in the 

following calculations: 

"o Calculation of coupling factors and radionuclide retardation factors 

in the unsaturated zone; 

o Calculation of gas-phase 14C transport in the overburden units; 

"o :Model calibration and validation of gas-phase 14C transport; and 

"o Calculation of model validation coupling factors in the unsaturated 

zone.  

Performance Issue 1.6 

(Pre-waste-emplacement, ground-water travel time) 

The general strategy for resolving this issue is to define, 

characterize, and assess multiple barriers to ground-water flow by dividing 

flow paths and flow processes into categories. In the unsaturated zone, 

multiple natural barriers have been identified as seven distinct 

geohydrologic units for which different types of general flow processes may 

be distineuished. These flow processes include dispersive and advective 

flow-in rock pores, similar flow in fractures, and diffusion between and 

within the matrix and fractures. The frequency distribution of calculated 

ground-water travel times is the performance measure for each geohydrologic 

unit. The overall performance goal for ground-water travel-time for the 

combination of all geohydrologic units between the disturbed zone and the 

accessible environment is 1,000 years or more at a very high confidence 

level.  

The data generated by the site-hydrochemistry study are directly 

applicable to the resolution of this issue. Ground-water residence times 

(from isotopic ratios), water, vapor, and gas fluxes, and travel times along 

flow paths will satisfy numerous supporting performance parameters needed to 

assess ground-water travel time in individual and combinations of 

unsaturated-zone units. These supporting parameters are used to define 

various aspects of the unsaturated-zone model, including initial and 

boundary conditions and material properties.  

Performance Issues 1.8 and 1.9 

(Favorable and potentially adverse conditions) (Qualifying and 

disqualifying conditions) 

The results of this study have indirect applications to the NRC siting 

criteria - Favorable Condition 7 (pre-waste-emplacement, ground-water travel 

time) through Issue 1.6, and Favorable Condition 8 (unsaturated-zone 

hydrogeologic conditions) through Issue 1.1. The study also has indirect
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applications to the higher-level findings for the geohydrology qualifying 
and disqualifying conditions through Issues 1.i and 1.6.  

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

Unsaturated-zone water chemistry data obtained from this study will be 

used to characterize the near-field (pre-waste emplacement) environment of 
the waste packages. Information on radioactive isotope activities, stable 
isotope ratios, and water quality (cation and anion concentrations) will be 
used in assessing the mineral/water equilibrium and water quality of vadose
zone water. The applicable performance measure is the quality of liquid 
water that can contact the container.  

The results of this study will also support (indirectly through Issue 
1.10) resolution of performance issues concerned with releases from the 
engineered-barrier system (Issue 1.5) and the performance of the waste 
package (Issue 1.4), where the applicable performance measure is the quality 
of water that can contact the waste container. The water-chemistry data 
collected in the study will apply to the hydrochemical performance 
parameters of the issue.  

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

Unsaturated-zone information derived from this study will be used in the 
design of repository seals. Seal design and construction will be influenced 

by the chemistry and sediment content of waters located in faults. Shaft 
and borehole seals will act to deter against fluid migration into the 
repository and to control gas transport from the repository. Site 
information on unsaturated-zone hydrochemistry will be applied to the design 
and placement of the following sealing-system components: single and double 
bulkheads in emplacement and perimeter drifts, backfilled sumps and 
channels, and drift backfill. These components relate to the functions of 
"retaining, diverting, and draining water from the drifts and to reducing the 
potential for subsidence. The applicable design parameter is the chemistry 
of waters in faults, including sediment contents; the pertinent performance 
measure is the quantity of water entering the different underground systems.  

Design Issue 4.4 
(Repository design and technical feasibility) 

For Issue 4.4, only the preclosure elements are considered pertinent.  
Unsaturated-zone water-chemistry data from this study will be applied to the 
repository waste-handling retrieval system element. The tentative goal is 
that a quantitative and qualitative analysis of formation and water 
chemistry will aid in the understanding of waste-package liner corrosion.  
The liner corrosion in 100 years, as related to the performance measure, 
should be less than half the original liner thickness. Site hydrochemistry 
data from this study will also be used to evaluate natural water inflow.  
This evaluation will be applicable to the water removal-system element, the 
performance measure being that the rate of removal equals the rate of 
inflow.
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2 RATIONALE FOR STUDY 

2.1 Technical'rationale and justification 

7his section provides an overview and justification of the overall 

study. Section 3 of this plan provides additional detail for specific 

tests. analyses, and methods of the study.  

2.1.1 Statement of problem 

Understanding the unsaturated-zone flow system at Yucca Mountain is 

essential to the site-characterization program because it is within this 

interval of rocks that -he proposed repository is to be constructed. It 

is important to evaluate the flow and storage of gas, vapor, and water 

within the repository block because moisture (vapor and liquid) is the 

expected major medium for any transport of radionuclides to the 

accessible environment. Furthermore, a chemical evaluation of gaseous 

and liquid constituents is important in understanding hydrologic 

processes, water/rock interactions, geochemical evolution of ground 

water. and transport mechanisms in the unsaturated zone.  

7n the unsaturated zone, water is presumed to be present both in 

liquid and vapor phases. Water flow and storage is envisioned to be 

complexly three dimensional, controlled by structural, textural.  
stratigraphic, and climatological factors. In general, liquid-water 
flow is expected to occur within interconnected pores and fractures, 
together with advective and diffusive vapor-phase flow within 
interconnected air-filled fractures. In the geohydrologic units beneath 

Yucca Mountain, flow paths and fluxes are not clearly understood, and 

the movement of moisture (gas and liquid) between surficial units and 

the repository block has not been directly quantified. Because liquid 
water and water vapor are expected to be in local thermodynamic phase 

equilibrium, liquid-water saturation, water-vapor, and solute 
-oncentrations are coupled through the prevailing geothermal regime.  

Consecuently, hydrologic evaluation of the site constitutes a problem of 

:t:o-phase, multi-component, coupled heat (geothermal) and moisture flow 
within alluvium and a layered sequence of variably-saturated, 
tuffaceous, geohydrologic units which have been tilted, faulted, and 

fractured. Thus, a hydrochemical evaluation of the unsaturated zone 

constitutes a study in which the liquid and gaseous chemical 
interactions must be considered within an already complicated hydrologic 
scenario.  

2.1.2 Interpretation of results 

Isotopic data of precipitation (rain and snow) are important to the 

study of unsaturated-zone hydrochemistry beneath Yucca Mountain because 

they provide input information concerning the unsaturated zone. Milne 

and others (1987) collected and analyzed precipitation in southern 
Nevada from August, 1983 to August, 1986. Twelve precipitation
collection cylinders were installed throughout southern Nevada, as shown 
in Figure 2.1-1. Samples were collected and transferred to bottles 
within 24 hours of the cessation of precipitation. Temperature near the 
sites and the amount of precipitate were also recorded. The stable
isotope data indicates substantial variations. For example, 8180 values
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range from -22.5 to +7.5 0 /oo and 6D values range from -158.5 to -8.00/,,.  

This large variability is attributable to small amounts of summer 

rainfall that partially evaporated as it fell. If data for 

precipitation in the form of snows only are considered, the 6180 values 

range from -22.2 to -7.5 0/., and 6D values range from -158.5 to 

-5 3 . 0 /.0. In general, winter snows are isotopically lighter than 

summer rains resulting in lower 6'50 and 6D values. Pahute Mesa, at an 

altitude of 2,145 m (7,037 ft) above sea level, contributes the lightest 

isotopes because it receives a greater proportion of its precipitation 

in the form of snow (1"80 values range from -19.4 to -i0.2o/..; 6D values 

range from -149.5 to -75.01/.,; with a mean value of 6180 - -14'/oo and 6D 

- _10310/.). Isotopic data for precipitation collected at Yucca 

Mountain indicates 6180 values range from -16.0 to -1.0/., and 6D 

values range from -125.0 to -5.00/o. When data for precipitation that 

fell in quantities of less than 1 cm (0.4 in.) are excluded, the 6180 

values range from -16.0 to -10.00/,,, and 6D values range from -125.0 to 

-65.00/,,.  

If significant amounts of unsaturated-zone water were recharging the 

saturated-zone ground water beneath Yucca Mountain, the isotopic and 

chemical compositions of both zones should be similar. The saturated

zone ground-water isotopic and chemical compositions were published by 

Benson and McKinley (1985). They analyzed water from 15 wells at Yucca 

Mountain from 1971 through 1984. Analysis of stable-isotope 

compositions indicate: (1) 6S80 values of ground water beneath Yucca 

Mountain range from -14.2 to -13.40/o,, and 6D values range from -108 to 

-99.57/oo; (2) upper Fortymile Wash (UE-29a#2) has a 6180 value of 

-12.80/.o and 6D value of -93.5O/.; and (3) lower Fortymile Wash (J-2, 

J-3) has a 6180 value of -12.9'o/. and 6D value of -97.50/oo. All tritium 

concentrations were less than 10 tritium units (T.U.). The distribution 

of uncorrected radiocarbon ages of water from volcanic tuffs sampled 

within I kilometer of the exploratory block on Yucca Mountain ranged 

from 12.000 to 18,500 years before present.  

SHvdrochemical characterization of Yucca Mountain described in this 

study plan will obtain isotopic and chemical data of various cores from 

unsaturated-zone boreholes, and attempt to interrelate these data with 

the above mentioned precipitation and saturated-zone ground-water data.  

Some questions that the study will attempt to address are: (I) Is there 

any significant recharge of precipitation occurring through the 

unsaturated-zone of Yucca Mountain?; (2) What is the flow path of the 

infiltration?; and (3) How long does it take for the unsaturated-zone 

ground water to travel to the water table, if it does recharge the 

ground water? 

Currently, there are few data available on the hydrochemistry of the 

unsaturated zone beneath Yucca Mountain. These data have been collected 

and analyzed by methods described in Section 3 and in Yang and others 

(1985). The data will be used only for site-characterization work with 

appropriate quality-assurance qualifications. Cores from neutron access 

holes and UE-25 UZ#4 and UZ#5 boreholes have been analyzed for chemical 

and isotopic compositions of pore water. Results of ongoing neutron

hole •15-m- [49-ft-] deep) monitoring of moisture transport in the Yucca 

Mountain area indicate that moisture pulses only penetrate to a depth of 

about 10 m (33 ft) (Alan Flint, oral communication, 1989). This depth
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was confirmed by tritium analysis of core moisture from neutron holes.  
Furthermore, our analysis of core water from UE-25 UZ#4 borehole (total 

depth of 111 m [364 ft)) indicated a tritium concentration of 22 T.U. at I 
a depth of 2 to 5 m (6.5 to 16.4 ft) decreasing to 5 T.U. at 6 m (20 ft) 
and then to 2 T.U. between 10 to 12 m (33 to 39 ft). A heavily 
fractured zone was observed in UE-25 UZ#4 cores at a depth of 23.16 m 
k75.96 ft); cores collected from 24.78 m (81.28 ft) had a tritium 
content of 28 T.U. indicating modern water. A decrease to near zero 
T.U. was observed at 25.60 m (83.97 ft). The lithologic unit that 
contains the modern water is the lower Tiva Canyon member of partially 
welded to nonwelded tuff. Another high tritium concentration of 45 T.U.  
was observed between 46.33 to 49.68 m (151.96 to 162.95 ft). The 
lithologic unit that contains this wet zone of modern water is the upper 
bedded tuff which is overlain by the Yucca Mountain member. The tritium 
concentration decreased to 0 T.U. at around 106 m (348 ft). There was 
no alluvium in the borehole. High tritium concentrations were also 
observed in UE-25 UZ#5 borehole with values of 60 T.U. at a depth of 
28.35 m (93.0 ft), 40 T.U. at 33.53 m (110.0 ft) and 4 T.U. at 37.18 m 
(121.95 ft). This high tritium-concentration zone occurred in the lower 
Tiva Canyon member of partially to nonwelded vitric tuff, similar to 
that observed in UE-25 UZ#4. All these evidences of profile inversions 
of tritium concentration with depth point to the fact that vertical 
percolation was not occurring at Yucca Mountain, while either fractures 
or bedded units were transporting moisture laterally.  

Stable-isotope ratios of oxygen and deuterium in pore water 
collected from UE-25 UZ#4 and UZ#5 boreholes at depths between 24 to 100 
m (78 to 328 ft) indicated 6180 and 6D values ranging from -12.5 to 
-9.51/,. and -94 to -86/o., respectively. Yucca Mountain precipitation 
that fell between April and October for 1983 to 1986, the 6180 values 
range from -13.0 to -I.0*/., and 6D values range from -96.0 to 
10.00/0oo. Precipitation that fell between November and March for 1983 
to 1986, the 6180 values range from -11.0 to -17.0o/,,, and SD values 
range from -63.0 to -125.0/,o. All Yucca Mountain precipitation data 
fell on the Yucca Mountain precipitation line [6D - 6.9(6180)-2.11.  
However. the unsaturated-zone ground-water isotopic ratios deviate to 
the right of the precipitation line. This may be due to partial 
evaporation of surface water before recharging into the unsaturated 
zone. If the regression line is drawn through the points and extended 
back to intercept the Yucca Mountain precipitation line, the intercept 
occurs at a 6180 value of about -15.00/.. and a 6D value of about 
-105.0*/,, which are within the range of winter precipitation. This 
suggests that summer rain storms are not recharging the unsaturated zone 
beneath Yucca Mountain, while snow melt or winter storms are probably 
providing most of the recharge to the unsaturated zone.  

Comparison of the regional ground-water isotopic data with 
unsaturated-zone water beneath Yucca Mountain indicates that the former 
is more depleted in 180 and D isotopes than the latter. The 6180 and 6D 
values of ground water (UE-29a#2) in upper Fortymile Wash are similar to 
the unsaturated-zone water. Benson and McKinley (1985) reported that 
ground water in UE-29a#2 borehole (total depth of 422 m [1,384 ft]) 
contains 11.5 T.U., significantly above background levels. This may 
mean that modern water from the unsaturated zone of Yucca Mountain was 
transported laterally and reached Fortymile Wash to mix with older water
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in the wash ( 14C age of UE-29a #2 ground water was about 4,000 years 

old). Apparently, not much of the unsaturated-zone water was recharging 

the ground water beneath Yucca Mountain as determined by dissimilar 6180 

and 6D values of the two water bodies, at least for the past 4,000 

years. This dissimilarity is based on the assumption that the climate 

of tne region has not changed dramatically during the last 4,000 years 

(Yang, 1989). Furthermore, ground waters from J-12 and J-13 boreholes 

located in Fortymile Wash have 6180 and 6D values of -12.9 and -97o0/., 

respectively, which are heavier than the ground water beneath Yucca 

Mountain. Therefore, Fortymile Wash is an unlikely source of ground 

water beneath Yucca Mountain.  

The 6180 and 6D values of precipitation at Yucca Mountain prior to 

4.000 years ago are not known at this time. Future analysis of deeper 

pore waters, with different apparent -"C ages, could be correlated with 

recharge which occurred under different climatic conditions. The 

relative change in the two isotopic ratios should follow an established 

pattern (i.e., meteoric water line), and any water which involved 

extensive evaporation before recharge should show enrichment in 6180 and 

&D values. The assumption here is that the isotopic composition of 

precipitation will not have been changed by liquid-solid exchange in the 

unsaturated zone (e.g., interaction with aquifer carbonate or silicate 

rocks at a high temperature has not occurred). The 6D values would not 

have been affected even if there were high-temperature events (200 to 

300 *C) in the past because the tuff contains no hydrogen atoms.  

However, oxygen-isotope ratios would increase due to oxygen exchange 

with silicate rocks. At a low temperature (say less than 50 °C) no 

isotopic exchange will occur between the liquid-solid phases; this 

condition is the likely case from core samples already obtained. In the 

case of water vapor-liquid and liquid-liquid exchange, because water 

vapor and liquid water are both present and intimately intermingled 

throughout this unsaturated zone, they are likely to be in an 

equilibrium state. Dispersive mixing, obscuring any original 

paleoclimatic signal, is another possibility. If so, 6180 and 6D values 

of 500 or even 1,000 years are likely to be obtained, rather than every 

100 years. Here we are looking at long-term trends of tens of hundreds 

of years, therefore fine resolutions are not required.  

The above conceptual model of hydrologic flow in the unsaturated 

zone is based on geochemical isotopic analysis and can be further 

confirmed by analyses of matrix versus fracture flow. As mentioned in 

the sampling strategy (Sections 2.1.3.1 and 2.1.3.2), pore water in 

matrix and fracture tuff samples from the same horizon will be analyzed 

for their "*C ages. If fracture flow dominates, 14C ages of pore water 

in the fractures will be significantly younger than water in the matrix.  

Also 6180 and 6D values in the fractures are likely to be heavier than 

the matrix due to the lighter isotopic compositions for old 

precipitation which occurred during the last glacial time.  

Measurements of 1"C activities in the liquid phase are possible in 

order to estimate residence times and flow rates. However, measurements 

may encounter some difficulties and uncertainties due to incorporation 

of other sources of carbon (e.g.. caliche dissolution, or gaseous- and 

liquid-phase exchange of carbon). Monitoring of gas compositions 

(1 2C0 2 , 13C0 2 , and 14C02 ) in USW UZ#1 borehole during the past four years
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indicates that CO2 gas in the borehole had near constancy of 613C values 
'-22 to -20*/0/) from.12- to 366-m- (39- to 1,200-ft-) depth, signifying 
no exchange of COZ gas with caliche or calcite in the unsaturated zone.  
If exchange did occur, 613C values of the CO2 gas would have shifted 
toward heavier 61 3C values because caliche and calcite 61 3C values are 
between 0 to -5 0/00. Furthermore, carbon content in the liquid phase in 
a unit volume of rock as bicarbonate is significantly (15 times) higher 
ztan the carbon in the gaseous phase in the same volume of rock.  
Therefore, the effect of exchange, if any, would also be small. In 
addition, pore water obtained from UE-25 UZ#5 cores from a depth of 91.5 m 
(1300 ft) had a bicarbonate 613C value of -21o/.., inferring silicate 
instead of caliche (6 13 C - -5.0 to 0 0/..) dissolution. If a significant 
amount of caliche dissolved into pore water, the 61 3C of bicarbonate water 
would be close to -5.0/0/, instead of the observed -21.01o/,. Since 
silicate rocks contain no carbon atoms, 14C activity corrections due to 
old caliche incorporation are not likely to be required.  

In view of the available data from the unsaturated zone and the above 
discussion, the following provisional conclusions are drawn: (1) there 
appears to be no significant recharge from the unsaturated zone to the 
saturated zone beneath Yucca Mountain; however, more supporting data are 
needed: and (2) the likely flow paths of infiltrating water appears to be 
through fractures, bedded units, contacts between units, or the Calico 
Hills unit, with lateral or inclined flow (vertical flow through a large 
fracture such as Ghost Dance fault is possible). The confirmation of the 
conceptual model will be further verified through sampling and analyses of 
pore water in core samples as described in Sections 2.1.3.1 and 2.1.3.2.  

Due to the dynamic nature of unsaturated-zone transport processes as 
evidenced by observations at open boreholes such as USW UZ-6 which gave 
the magnitude of gas flow (see 8.3.1.2.2.6 [Characterization of gaseous
phase movement in the unsaturated zone) and Weeks, 1987), the question of 
obtaining or inferring baseline, or in situ, data may provide one of the 
biggest challenges facing the hydrochemical characterization of the 
unsaturated zone beneath Yucca Mountain.  

Although in the following sections of this study plan the gaseous- and 
aoueous-phase investigations are discussed separately, they must be 
discussed simultaneously in outlining the rationale and scope of the 
study. The combined characterization of the isotopes obtained from the 
gaseous- and aqueous-phase investigations will permit the first attempt at 
modeling the reactions responsible for the chemistry of the phases as they 
presently exist. A knowledge of these reactions is necessary to 
accomplish the objectives of this study (Section 1.2).  

In order that the study produces valid conclusions, it is essential 
that (1) there be a sufficient number of moisture samples obtained as a 
function of both depth and spatial distance to represent a statistical 
sampling of tuff moisture, (2) the chemical composition of the moisture be 
accurately known, and (3) the effects of air introduced to the system 
(natural or man-made) can be evaluated. Pore-water samples will be 
obtained from rock cores from drilling of UZ-holes and neutron holes, and
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from rock cores of radial boreholes and vertical boreholes during 

construction of the exploratory studies facility. Fracture-water samples 

taken directly from the ESF where inflow is observed will be available for 

analysis. Gas samples will be taken from isolated sampling stations 

installed in unsaturated-zone drillholes and in radial and vertical 

borenoles in the ESF. Section 3.8 (Hydrochemistry tests) of YMP-USGS SP 

8.3.1.2.2.4 (Unsaturated-zone percolation - ESF studies) discusses the 

collection and analysis of samples from the exploratory studies facility.  

2.1.3 Parameters and testing strategies 

Relations of site parameters determined by this study to design and 

performance parameters are used as a basis for developing the technical 

rationale of the planned work. Throughout the following sections of this 

plan. references are made to parameter categories and site parameters.  

These terms are used as a means of tracing information from site

characterization activities (SCP 8.3.1) to design- and performance

assessment issues resolutions (SCP 8.3.2 - 8.3.5). The parameters 

associated with each activity in Table 2.1-1 are described further in 

Section 3 under the description of the particular activity. For each 

activity, the parameters are grouped by the parameter categories shown in 

Figure 2.1-2. The parameters included in Table 2.1-1 serve three 

principal purposes. They are needed (1) as direct input to design and 

performance analyses, (2) as input to hydrologic numerical models, and (3) 

to test hypotheses that support conceptual models.  

In order to conduct preliminary performance and design analyses, 

assumptions must be made regarding parameters and hydrologic processes and 

conditions. These preliminary analyses may include assumptions involving 

parameters such as chemistry, flow paths, velocity, flux, gradient, 

conductivity, anisotropy, boundary condition, and structural and 

geohvdrologic-unit control on unsaturated flow. Concepts that may affect 

these aspects of the hydrologic system include the potential for lateral 

flow and capillary barriers in the unsaturated zone, conditions under 

which matrix and fracture flow occur, and accumulation of perched water.  

A common requirement of the parameters is that sufficient confidence can 

be placed in their numerical values to permit the construction of 

hydrologic modeling and hypotheses testing. That is, confidence in the 

calibration and validation of a model to a given level is dependent on the 

extent to which the input data and observations are characterized and 

credible.  

Some of the specific parameters listed in Table 2.1-1, although not 

required directly for resolving performance and design issues, are needed 

to model parameters that are directly required for performance and design 

purposes. Even though a single model is currently assumed, this study is 

designed to satisfy the requirements of alternative conceptual models (SCP 

Table 8.3.1.2-2a) in case the initial assumptions are invalidated.  

Similarly, while there are conventional theories for moisture movement in 

unsaturated porous soils and flow in saturated fractured rock, there is no 

conventional theory for describing gas and water movement in unsaturated 

fractured media. Development of appropriate models for unsaturated 

fracture flow will be part of Activity 8.3.1.2.2.8.1 (Development of 

conceptual and numerical models of fluid flow in unsaturated, fractured 

rock).
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Because input parameters for modeling cannot be known explicitly 

evervwhere throughout the modeled area, the parameters must be expressed 

as statistical distribution functions. Initially the data collected in 

this study will be used in a conceptual model of flow and transport at 

Yucca Mountain. A satisfactory conceptual model will then become a 

numerical model which, based on statistical distributions of parameters, 

will be used as a principal approach to assess whether the data collected 

to describe the present and expected geohydrologic and hydrochemical 

characteristics provide the information required by the performance and 

design issues. Calibration of the model to observed conditions increases 

confidence that the modeled distribution of parameters is an acceptable 

representation of actual conditions. The modeling process is iterative.  

If the numerical models do not prove adequate to provide the information 

required by the performance and design issues, then the original 

conceptual model will be revised or expanded.  

A principal strategy of the study, therefore, is to utilize approaches 

that minimize uncertainty in the values of the parameters and in the 

understanding of their relations within the constraints of available 

resources. Some degree of uncertainty is inevitable, because parameters 

vary in space and time, measurements contain errors, and hydrologic and 

chemical properties are difficult to measure. As described below, 

however, the strategy of the study is to increase confidence by utilizing 

various methods for determining parameters not readily amenable to 

measurement or analysis, by testing hypotheses, and by developing 

acceptable models.  

A major advantage to using various methods for determining parameters 

is that. in general, reliance is not placed on only one test to determine 

a value for a parameter. Some tests will provide only partial 

information, whereas others will provide extensive information necessary 

for determination of a hydrochemical parameter. By combining the 

analytical results and studying their relations, a greater understanding 

and confidence of any particular parameter can be achieved. For example, 

computation of travel times and residence times of pore and fracture water 

in the unsaturated zone will be assessed in many different ways by the 

hvdrochemical tests. Tritium ( 3H) analyses will be used to determine the 

residence time of pore and fracture water up to about 100 years; 14C 

analyses will extend the determination range from 100 to 40,000 years; and 

"6C1 analyses will yield dates from 40,000 to about 900,000 years.  

Four relative-age scenarios will be tested: 

(a) Very young (<200 years) fracture water and relatively old (>5,000 

years) pore water. This scenario implies a short residence time 

for fracture water and that most of the flow through the 

unsaturated zone is through the fracture network.  

(b) Relatively young (<1,000 years) pore water and relatively old 

(>5,000 years) fracture water, with most fractures air filled.  

This unlikely situation implies that most of the flow is through 

the matrix network and that the fractures are poorly connected.  

(c) Pore and fracture water having the same age at a common depth, and 

age increasing with depth. This situation implies that fractures
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are poorly connected and behave as enlarged pores. It also 
implies the presence of relatively static perched water within the 
unsaturated zone.  

,di General absence of fracture water, and the occurrence of 
relatively old (>5,000 years) pore water. This scenario implies 
that fractures are always dry, or the residence time of water 
entering the fracture system is extremely short, or that all water 
transported by fractures is drawn into the matrix by capillary 
action. Throughout the Geohydrology Program (8.3.1.2.2), work is 
ongoing to identify and differentiate among different flow 
scenarios.  

In addition, if enough pore water can be extracted from unsaturated
rock samples (in excess of the amount required for hydrochemical testing, 
as described herein), pore-water samples will be sent to Los Alamos 
National Laboratory (LANL) where arrangements for 3 6CI/CI ratio analyses 
will be made (8.3.1.2.2.2.1 [Chloride and Chlorine-36 measurement of 
percolation at Yucca Mountain]). The use of 36C1 in this study is 
contingent upon successful results from the LANL work.  

Because of the nonstandard nature of some of the tests, the 
possibility that one of these tests may fail in achieving the desired 
objectives is recognized. The use of various methods for determining 
parameters increases confidence that the failure or partial failure of one 
or more tests will not severely inhibit the ability of the 
characterization activities to provide the information required. In 
addition, prototype testing, such as stated in section 1.1.1 of Page 1.1
3. for site characterization, especially those related to characterization 
of the unsaturated zone, will be performed to increase confidence that 
test objectives will be achieved.  

Several prototype tests will be undertaken prior to the hvdrochemical 
analyses to design and validate methods of pore-water collection (the 
optimal rubble-size test, the dry coring of rubble test, and the pore
water axtraction by triaxial and uniaxial compression tests). These tests 
are described in detail in Section 3.8 of YMP-USGS SP 8.3.1.2.2.4.  
Triaxial and uniaxial compression tests are described in detail in Section 
3 of this Study Plan.  

The following sections (2.1.3.1 and 2.1.3.2) summarize the gaseous
and aqueous-phase sampling strategies.  

2.1.3.1 Gaseous-phase sampling 

Gas samples will be collected twice a year from ten to fifteen 
isolated intervals of each USW UZ borehole (UZ-l through UZ-14) which 
were drilled under Study 8.3.1.2.2.3 (Characterization of percolation 
in the unsaturated-zone - surface-based study), and from isolated 
intervals of each radial borehole and vertical borehole in the ESF as 
described in YMP-USGS SP 8.3.1.2.2.4 (Unsaturated-zone - ESF studies).  
In addition, a movable, inflatable multi-packer system will be used to 
collect gas samples from all open boreholes. These include Sandia 
boreholes (USW SD-l through SD-8, UE-25 SD-9, USW SD-l through SD-12),
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Fortvmile-Wash boreholes (UE-25 F.41 through FM#3, FMN#1 through 

FMN#9), and water-table boreholes (USW WT- and UE-25 WT-holes). All 

open boreholes will be checked for air contamination (test for gas 

tracer SF6 ) before sample collection and capped and sealed after 

completion of sampling to prevent air frompenetrating into the hole.  

Also during the ESF construction, a small one-meter-deep horizontal 

hole will be drilled or jack hammered into the tunnel wall immediately 

after boring and gas samples collected for compositional analysis 

(Activity 8.3.1.2.2.4.8, Hydrochemistry tests in the exploratory 

studies facility). These results will be compared with the radial 

borehole gas samples collected at a later date. The purpose is to 

check the effects of atmospheric-air contamination in the radial and 

vertical boreholes resulting from exposure of open boreholes for a 

longer period before stemming of the holes.  

As the gas samples are analyzed for their compositions from 

borehole to borehole, spatial variations will become clearer, and a 

decision will be made as to the needs for sampling all holes mentioned 

above or a select number of holes.  

2.1.3.2 Aqueous-phase sampling 

Core samples for pore water extractions will be collected from all 

air-drilled boreholes: unsaturated-zone boreholes (USW UZ-1 through 

UZ-14); Sandia boreholes (13SW SD-l through SD-8, UE-25 SD-9, USW SD-1O 

through SD-12); paleohydrologic holes (UE-25 PH-lA and PH-lB); 

Solitario Canyon horizontal hole (SCH#l, 305-m- [l,000-ft-I deep); 

water-table boreholes (UJSW WT-8 and WT-9, UE-25 WT-19 and WT-20, USW 

WT-21 through WT-24); and Fortymile-Wash boreholes (UE-25 FM#1 through 

F4#3; FMN#l through FMN#9). Most of the borehole depths are more than 

305 m (1,000 ft), except for PH, FM, FMN, and some UZ holes.  

In general, core samples will be collected from each borehole 

according to Table 2.1-2. Borehole locations are depicted in Figures 

1.2-2 and 1.2-3. Approximately fifty boreholes are planned to be 

sampled at Yucca Mountain, areally distributed from north to south, 

and east to west. In addition, Fortymile-Wash boreholes will be 

sampled and analyzed to determined the source of recharge to ground 

water beneath Yucca Mountain. Stratigraphically, all lithologic units 

are to be sampled, with more frequent core samples for non-welded tuff 

than for welded tuff. Also, contacts between different lithologic 

units are likely candidates to transport moisture laterally according 

to the conceptual hydrologic model (Montazer and Wilson, 1984).  

Therefore, sampling of cores from these units are planned.  

As the isotopic and chemical compositions of the pore water from 

each borehole are analyzed, spatial variations will become apparent, 

and a decision will be made as to the needs for sampling all holes 

mentioned above or a select number of holes.  

Collection of matrix pore water can be accomplished by squeezing 

intact (non-fractured) drill cores. However, for the collection of 

C fracture waters, depending on the size of a particular fracture
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aperture. different methods of sampling will be attempted. For small 

fractures (i.e., a hair-line crack to .2-cm- [.08-in.-I aperture) 

samples will be collected by chiseling tuff materials away from both 

sides of the fracture (about 2-cm- [.8-in.-) deep into the matrix), 

and water collected by squeezing chips. The isotopic and chemical 

data of these waters can be compared with the matrix water obtained 

from nearby cores. For large fractures (i.e., greater than .2-cm

,.08-in.-] aperture), only field sampling is possible. The fracture 

locations inside the boreholes can be located by TV camera log and 

using commercially available "SEAMIST" for fracture-water collection.  

This fracture-water collection can be done at any open borehole.  

Furthermore, hydrochemical testing at the exploratory studies 

facility (underground) will provide more accessible areas for sampling 

fracture versus matrix water. These areas include the horizontal 

radial boreholes, access ramps, drifts, and fault zones (see Activity 

8.3.1.2.2.4.8, Hydrochemistry tests in the exploratory studies 

facility).  

2.1.4 Hydrologic hypotheses 

The unsaturated-zone hydrologic hypotheses describe in general terms 

the manner in which water and gases move through the unsaturated zone, 

including the directions and paths of gas and liquid flow. Data 

concerning inorganic and isotopic chemistry of the water will provide a 

logical and systematic approach to improving our understanding of how the 

gas-hydrologic system functions, the result being an improved conceptual 

model which, in turn, leads to increased confidence in the geohydrologic 

program (Figure 2.1-2). The hypothesis component shown in Figure 2.1-2 is 

tied to Table 2.1-3, which lists pertinent hypotheses for the unsaturated 

zone. The table also shows objectives and approaches of the activities 

that are directly involved in testing these hypotheses.  

2.1.5 Geohydrologic model 

Development of appropriate models for unsaturated flow will be part of 

this study (8.3.1.2.2.7) and can be incorporated with Activity 

8.3.1.2.2.8.1 (Development of conceptual and numerical models of fluidflow 

in unsaturated, fractured rock). The successful development of calibrated 

and validated numerical models of the gas-hydrologic system will increase 

confidence 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 geohydrologic model will consist of two hydrologic models that 

will describe two distinct zones of the hydrologic system; the unsaturated 

zone and the saturated zone (Figure 2.1-2). In turn, the unsaturated zone 

and the upper portion of the saturated zone of Yucca Mountain have been 

divided into three major depth intervals to facilitate site

characterization studies. The very thick unsaturated interval of 

percolation is bounded above by the interval of infiltration, or upper 

flux boundary, and below by a saturated or nearly saturated interval of 

recharge at the water table. Data from each of these intervals will be 

used in formulating the unsaturated- and saturated-zone models. Study 

8.3.1.2.2.7 (Hydrochemical characterization of the unsaturated zone) will
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Table 2.1-3. Relations between hydrologic hypotheses and the objectives 
of the activities of this Study 

(SCP Study 8.3.1.2.2.7) 

Hypothesis SCP number Activity objectives

Temperature-driven or barometrically-driven 
moisture flow can occur as water vapor, 

especially within the interconnected fractures of 

the Topopah Spring weided (TSw) unit 

Gas-transport mechanism within the unsaturated 
zone is predominantly by diffusion mechanism, 

and little affected by the advection.  

Flow in the TSw is vertical and occurs under 

steady-state conditions. Flow is primarily in the 

matrix when the flux is less than some value 

related to the saturated matrix hydraulic 

conductivity, and flow is primarily in the fractures 

at flux higher than that value.  

Nosignificant recharge from unsaturated zone to 

the saturated zone beneath the Yucca Mountain.  

Flow paths of infiltrating water into the 

unsaturated zone is likely through fractures, 

bedded units, contacts between units, or Calico 
Hills unit, with lateral or inclined flow.  

Volumes containing many pores and fractures are 

definab!e such that changes in boundary fluxes 

equal changes in internal moisture storage.

8.3.1.2.2.7.1 

8.3.1.2.2.7.1 

8.3.1.2.2.7.2 

8.3.1.2.2.7.2 

8.3.1.2.2.7.2 

8.3.1.2.2.7.2

To understand the nature of the gas
transport processes within the 
unsaturated zone and to provide 
independent evidence of flow directions 
and flux of gas. The approach will be 
to analyze gas samples taken from 
surface-based boreholes.  

To understand the nature of the gas
transport processes within the 
unsaturated zone and to provide 
independent evidence of flow directions 
and flux of gas. The approach will be 
to analyze gas samples taken from 
surface-based boreholes.  

To determine the flow direction, flux, 
and travel time of liquid water using 
isotope-geochemistry techniques. The 
approach will be to analyze water 
samples from fractures and matrix in 
cores taken during drilling of surface
based boreholes.  

To determine the flow direction, flux, 
and travel time of liquid water using 
isotope-geochemistry techniques. The 
approach will be to analyze water 
samples from fractures and matrix in 
cores taken during drilling of surface
based boreholes.  

To determine the flow direction, flux, 
and travel time of liquid water using 
isotope-geochemistry techniques. The 
approach will be to analyze water 
samples from fractures and matrix in 
cores taken during drilling of surface
based boreholes.  

To determine the extent of water-rock 
interaction so that geochemical 
modeling can be performed to deduce 
the flow path and to understand the 
geochemical evolution of the 
unsaturated-zone water.
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use similar data as Study 8.3.1.2.3.2 (Characterization of saturated-zone 

hv~drochemistry). The hydrochemistry study, and corresponding models, 

concentrate on the entire unsaturated zone (infiltration boundary and 

interval of percolation) above the saturated zone. A surface-water 

h.-droiogic model will, in addition, be developed to provide input to the 

other two hydrologic models as they are also impacted by surface water.  

The hydrologic models will be used at many stages to perform 

preliminary analyses, to design and analyze tests and experiments, and to 

anaLvze and interpret data. Empirical data are affected by uncertainties 

due to measurement errors and to presence of both random and correlated 

large-scale spatial variability (heterogeneities). The presence of these 

uncertainties must be considered in order to assess the accuracy with 

which numerical hydrologic models simulate the natural geohydrologic 

system. The sensitivity of the performance measure to various parameters 

can. nevertheless, be investigated, and such models can be used as tools 

to improve understanding of the functioning - each zone, to test 

hypotheses, and to guide data collection furtner.  

Gas-phase modeling, as described in Study 8.3.1.2.2.8 (Fluid flow in 

unsaturated, fractured rock), will be used to interpret the results of 

observations made during this study, and to extrapolate those results to 

interpret gas circulation beneath Yucca Mountain under natural conditions.  

Gaseous-phase chemical data resulting from the activities described in 

ti's study will be directly incorporated into the gas-phase modeling.  

Similarly, aqueous-hydrochemistry data will be used to model the 

hvyrologic conceptual flow of the unsaturated-zone ground water at Yucca 

Mountain, as well as modeling the geochemical evolution of unsaturated

zone ground water. In addition, it will provide data for other studies 

such as Study 8.3.1.3.1.1 (Ground-water chemistry model).  

Preliminary conceptual models of the present unsaturated-zone 

hv.drologic system have been developed by Montazer and Wilson (1984), 

Klavetter and Peters (1985), and Wang and Narasimhan (1985). These models 

are fundamentally similar and are based on general unsaturated-flow 

principles, some preliminary data, and a basic knowledge of the geologic 

framework at Yucca Mountain. Additional data are necessary to test these 

models as well as the alternative conceptual models.  

In summary, hydrologic modeling produces the velocity field essential 

for defining flow paths and computing radionuclide-migration time. Such 

modeling requires sufficiently detailed knowledge of the geohydrologic 

framework and is dependent on hydrochemical parameters determined by the 

hydrochemistry analyses. The importance of the hydrochemistry analyses 

for determining the magnitude and distribution of hydrochemical parameters 

is emphasized. Hydrologic and hydrochemical testing of surface-based and 

ESF boreholes, and analysis of their spatial distributions with regard to 

these parameters will produce the data base necessary to characterize the 

hydrology of the unsaturated zone. Ultimately, this will lead to the 

C.avelopment of an unsaturated-zone model and to the geohydrologic modeling 

of the repository block under Yucca Mountain.
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2.2 Constraints on the study 

2.2.1 Representativeness of repository scale and correlation to 

repository conditions 

The unsaturated-zone hydrochemistry analysis is located within the 

repository area. The surface-based boreholes and the ESF, from which gas 

and liquid samples will be collected, penetrate some of the same 

geohvdrologic units as does the repository. Thus, the environment from 

which samples for hydrochemical analyses will be collected is an 

approximate representation of the repository block. How well each 

analysis will represent past, present, or future conditions of the 

repository block at the scale of the repository depends on a number of 

factors relating to the particulars of the analysis.  

2.2.2 Accuracy and precision of methods 

Selected and alternate methods for testing in each activity are 

summarized in tables at the end of each activity description (Section 3).  

These methods were selected on a basis of their estimated precision and 

accuracy, duration, and interference with other tests and other analyses.  

Methods designated as alternate will be employed only if selected methods 

for obtaining similar information are inadequate. The accuracy and 

-recision of the analyses are shown in Table 2.2-i. The estimated degree 

cf accuracy and/or precision of each analytical method is based on 

information from analytical laboratories.  

2.2.3 Potential impacts of activities on site 

The analytical activities described in this study plan will have 

little or no impact on the natural-state site conditions, and no adverse 

effect on the ability of Yucca Mountain to isolate waste. The proposed 

work should not affect the site in terms of either exploratory studies 

facility or repository design, nor will the study require any permitting 

or environmental analysis at Yucca Mountain. The planned work for 

Activities 8.3.1.2.2.7.1 and 8.3.1.2.2.7.2 does include extensive sampling 

from unsaturated-zone boreholes. The impacts of drilling into the 

repository block, however, are not within the scope of this study and are 

addressed in detail in 8.3.1.2.2.3 (Characterization of percolation in the 

unsaturated zone -- surface-based study), and Section 8.4 of the SCP.  

Basically. analysis of impacts on site performance from drilling, testing, 

stemming, and monitoring of boreholes can be reduced to two significant 

concerns which include (1) limiting the number and location of boreholes 

needed for site characterization, and (2) preserving the capability to 

seal the holes effectively, as necessary, at the time of repository 

closure.  

2.2.4 Time required versus time available 

The hydrochemical analyses described in this study plan are 

constrained by the schedule of the start and completion of ESF and the 

drilling and stemming of surface-based boreholes. Section 5.1 describes a 

proposed schedule for the gaseous- and aqueous-phase investigations 

described in Section 3.
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table 2.2-1. Siunmary of proceckdres for analysis of parameters for the unsaturated-zone hydrochemistry tests 

Parameter Analytical Perfoirned SCle tCId Standard Opt imal E ýpc.t ed ALt Ill ,V y Ref .rent v 

Procedtire By* 01 or Sampl e Range arld 

Altvi ite Nain St jordai d Size Pr at ,.  
-- ~- ------

S 

S 

S

S 

S 

NS

' 0.5 1 
< 0.5 L 

>0.2 L

S NS 10 mt 

S S 200 mg Cl 

A NS > 120 kG 

S S 2 ml 

S S 2 ml

I to 40 K yrs 

I to 40 K yra 

-7 to -28 */., 

0 to 150 yrs 

40 to 900 K yrs 

150 to 1000 yrs 

0 to 40 yrs 

0 to -20 "I..  

0 to -200 "/_

500 yrs, 3% 
2 K yrs, 5% 

!0.2 "/,-, !0.-2/.  

3 TU, 10% 

10 K yrs, 10% 

100 yrs, 15% 

±0.2 "/t,, 10.2 ' 

+1 !*.~ 1 *

A S

0-0 

%0 

* The analytical laboratories listed are not the only qualified laboratories to perform the analyses. Other laboratories would likely be added 

as approved vendors In the future by the OA Office.
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lable 2.2-1. Summary of procedures for analysis of parameters for the unsatwrated zone hydrochemistry tests (continued) 

Parameter Analytical Per for med Sed ,t I.-d Stnrdif d Opt hurii Ipec ted Accir a( y Refel ence 

Procedure By 0o or Sanl e Range atI( 

A Iel l ruII Noll StalUt~l d Size Ci I'IldI 

GAS 

Freon 11/12 GC- ECO Project S S 5 cc 0 to 600 ppb 20 ppb, 3% FF, R, 
S 

CO, GC- FIt Project S S 5 cc 0 to 2% .01%, 3% FF, R, 

SF, GC- ECD Project S S 5 cc 0 to 3 ppm .01 pln, 3%FF. R, 

CS, GC- FID Project S S 5 cc 0 to 5 ppm .03 ppm, 3% FF. R, 

Argon GC- FCD Project S S 5 cc .5 to 1.5% .01%, 3% FF, R, 

Argon GC- 7CD Project S S 5 cc .5 to 15% .1%, 3% FF, R, IA 
S 

Nitrogen GC- iCD Project 5 S 5 cc 15 to 25% .1%, 3% FF, A, 

Hydrogen GC- THD Project S S 5 cc 0 to 5 p .03 pla, 3% FF, R, 

S 

Ethane GC- FID Project S S 5 cc 0 to 1 ppm .01 ppm, 3% FF, R, 

Cfl Ethyaene GC- FID Project S S 5 cc 0 to 1 ppn .01 ppm, 3% FF, R, 

S 

CA 

S m 

1`0 

00 

M-



Table 2.2-1. Summary of procedures for analysis of parameters for the unsaturated-zone hydrochemistry tests (continued)

Perfoirmed Seletled Standard 
By' or or 

Altelinite Noll Stantdad

S S 1 mlt 
A S 10 mt 

S S 1 mlt 
A S 10 ml

S S 
A S 

S S 
A S

1 ml 
10 ml 

1 ml 
10 ml

S S .5 ml 
A S 10 mt

ICP 
AA 

ICP 
AA 

ICP 
AA 

ICP 
AA 

IC 
C 

IC 
C 
T 
I SE 

ICP 
C 
DCP 

ICP 
AA

RMAL 
USGS. WRD 

RMAL 

USGS, WRD 

RMAL 
USGS, WaRD 

RMAL 

USGS, WRD 

RMAL 
USGS, WrD 

RMAL 

USGS, WRD 
USGS, WRD 
Project 

RMAL 
USGS, WAD 
USGS, WRD 

AMAL 
USGS, WRD

S S 
A S

.5 ml 
10 mt 
10 mt 
10 mt 

1 ml 
10 ml 
10 ml 

1 ml 
10 ml

0 to 120 mg/L 

0 to 20 mg/L 
I0 

0 to 130 mg/L 
48 

5 to 30 mg/L 
I, 

10 to 160 mg/L 

11 
if 10 to 120 mg/L 

i0 
SI 

'I 

60 to 100 mgIL 

0 to 100 ug/L 
IN

C-4 

%0 
'0

' The analytical laboratories listed are not the only qualified laboratorles to perform the analyses. Other laboratories would likely be added 

as approved vendors in the future by the QA Office.

Parameter Analytical 
Procedure

Opt imal 
Sample 
Size

E xpec ted 
Range

WATER 

Calcium 

Magnesium 

Sodium 

Potassium

Acctiracy 

arnd 
Prel~.cI.oll

t,.3 4:-
Sulfate

S 
A 
A 
A 

S 
A 
S

S 
S 
S 
S 

S 
S 
S

Chloride 

Silica 

Manganese

98%, 0.5 . 8% 

94%, 0.4 

, 7% 

98%, 0.2 
, 9% 

97%, 0.1 
. 10% 

103%, 0.5 
7% 

99%, 1.0 
4% 
5% 
2 mv 

12% 
5% 

101%, 2.0 
. 8%

0 A,B,C,D 

,G 

0 
AB,C,D 

,G 

0 
A,B,C,D 

A 
D 
AB,CD 

,G 

A,D 
FG

A,D H,G 
I,G 
HH

0 BG 

KK 

D 
A,B,C,D 

,G

C) 

00

I.-

I

Refer ence



table 2.2-1. Summary of procedures for analysis of parameters for the unsaturated-zone hydrochemistry tests (continued)

Parameter

WATER (CONT.) 

Iron 

Aluminum

Analytical 
Proc edure

ICP 
AA 

ICP 
AA 
DCP

Per formed Sele , ted St andist d 
By' o or 

A l hinalt' h hs l I St ltdl, I cd

RMAL 
USGS, WRD 

RMAL 
USGS, URD 
USGS, WRD

S S 
A S

S 
A 
S

S 
S 
S

Rare earth ICP/MS

Lithium 

Bromide 

Iodide 

Nitrate 

Boron 

Organo.  
metal I ics

AA

IC 
IECE 
ISE 

C 
ISE 

IC 

DCP 
C 
IC 
ISE 

GC/MS

RMAL

USGS, WRD 

RMAL 
USGS, WRD 
Project 

USGS, WRD 
Project 

R1AL 

USGS, WRD 
USGS, WRD 
Project 
Project

TBD

A uS 2 ml 

A S 10 mt

S 
A 
S

S 
S 
S

A S 
S S 

S S

S 
A 
S 
A

S 
S 
S 
S

A S

1 
10

ml 
ml 
ml

3 ml 
10 ml 

1 mt

10 
10 
2 

10

0 to 20 ug/L 

.1 to .5 mg/L 
a, 

0 to 20 ug/L 
oI 

1 to 10 mg/L 

0 to 20 ug/L 
I, 

I,

ml 
ml 
ml 
ml

3 ml 7

* The analytical laboratories listed are not the only qualified laboratories to perform the analyses. Other laboratories would likely be added 

as approved vendors in the future by the CA Office.

Opt ima1al 
Snucpt e 
Size

I Xpec ted 
Range

1 ml 
10 ml

Au(:iii acy 
iII'+(l 

and _'.tl

101%, 0.9 1 10% 

95%, 0.8 
17% 
5%

m( 
ml 
ml

1 
10 
10

0 to 10 mg/L of 

1 to 10 mg/L 

It 
to

Lf

D A,B,C.D 

G 

A,B,C,D 

,G 
KK

?

, 15%

93%, 0.8 2% 
4 my 

70% 
4 my 

102%, 0.0 

5% 
18% 
5% 

,3 mv

II 

CG 

G,K 
HM 

GL 

0 

KK 
GN 

D 
HH 

.9

0 

W0

I 

Tn

-I

I
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Table 2.2-1. Summary of procedures for analysis of parameters for the unsaturated-zone hydrochemistry tests (continued) 

Parameter Analytical Performed Selet ted Snt adarld Opt imal F xpected Ac((v acy Re.ference 

Procedure By* of or Santl e Range and 

At lleiate Nun Standii d Size FI e( Iti

WATER (CONT.) 

PH1 

SC 

Alkalinity 
as CaCO, 

Alkalinity 
as NCO, 

Temperature

E 

E 

ET 
ET 

DIC-D

GI 
DO

Project 

Project 

RMAL 
USGS 

USGS, URO

Project 
Project

S 

S 

S 
A 

A

S 

S 

S 
S 

NS

A S 
S S

.2 ml 

.5 ml 

.5 mt 
5 ml 

2 ml 

5 mt 
.5 ml

5 to 9 pH 

200 to 900 uS 

40 to 200 mg/L 
ft 

40 to 200 mg/L 

10 to 40 C 
to

I3 

0rt

W cjn 

It, 

Co

* The analytical laboratories listed are not the only qualified laboratories to perform the analyses. Other laboratories would likely be added 

as approved vendors In the future by the CA Office.

O,G 

P,G 

0 O,G

0.1, 0.1 

, 4% 

96%, 1.2 

12% 

.7% 

0.3" c, 3% 
0.3' c, 3%

(_A 
0 

'0 '0 
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'-a 

I-a
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Table 2.2-1. Summary of procedures for analysis of parameters for the unsaturated-zone hydrochemistry tests (continued) 

Parameter Analytical Performed Selected Stardard Optimal Expected Accuracy Reference 

Procedure By, or or Sampt e Range and 

AlteI t len.IC Not- Standt d Size 
p ecic on

ROCK 

Moisture 
Contents

Oven Dry 

Distillation

Mineralogy Microscopy 
Thin 

Sections 
Grains 

Electron 
Microprobe 

X-ray 
diffraction 

CEC Ammonium 
Displace
ment 

Porosity Calculated 

Gas 
Pycnometer 

Pore Size Mercury 
injection 

Water 
Desorption

S lOOgProject 

Project 

Crystal 

H&N 

USGS, GD 

USGS, GD 

USGS, GD 

Project 

H&K 
Core Labs 

TOD 

USGS. GD

A S 100 g

S 

A 

A

S 

S

2nom X 2in 

2no X 2nvn 

I cubic um

A S 150 mg

A S 

S S 

A S

100 g 

NA 

100 cubic cm

S S 2 cubic cm 

A S 100 9

0 to 40% 

0 to 40%

NA 

NA 

NA 

NA 

0-150 millequivalent 

per 100 g 

10 to 60% 

10 to 60% 

.05 u to 2 ma 

.05 u to 2 mm

AA 

AA 

Be 

Be 

CC 

DD 

GG 

EE 

EE 

EE 

EE

p.a

1 The analytical laboratories listed are not the only qualified laboratories to perform the analyses. Other laboratories would likely be added 

as approved vendors in the future by the GA Office.

0.5%.  

0.5%

95%, 5% 
95%, 5% 

95%, 5%

90%, 5% 

90%, 5% 

96%, 5% 

97%, 3% 

95%, 3%

0 
in 
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00I
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lable 2.2-1. Summary of procedures for anatysts of parameters for the unsaturated zone hydrochemistry tests (continued) 

A8BREVIATlONS USED IN TABIE

A 
AA 
C 
CEC 
DCP 
DIC-D 
DT 

E 
ECD 
ET 
FID 
GC 
GD 
GT 

IC 
ICP 
IECE 
ISE 
LLNL 
LSC 
mg 
MS 
NA 
NS 
PGS 
RMAL 
S 
SC 
T 
TANS 
7BD 
TCD 
TU 
USGS 
WRD 
u 
ug

ALTERNAIE 
ATOMIC ABSORPIION 
COLORIMETRIC 
CATION EXCHANGE CAPACITY 

DIRECT CURRENT PLASMA SPECTROMETRY 

DISSOLVED INORGANIC CARBON - DOHRMAN 

DIGITAL THERMOCOUPLE 

ELECTROMETRIC 

ELECTRON CAPTURE DETECTOR 

ELVCTROMETRIC TITRATION 

FLAME IONIZATION DETECTOR 

GAS CHROMATOGRAPHY 
GEOLOGIC DIVISION 

GLASS THERMOMETER 

HYDROGEN DETECTOR 
ION CHROMATOGRAPH 

INDUCTIVELY COUPLED PLASMA 

ION EXCHANGE CHROMATOGRAPHIC ELECTROCHi 

ION SELECTIVE ELECTRODE 

LAWRENCE LIVERMORE NATIONAL LABORATORY 

LIQUID SCINTILLATION COUNTER 

MILLIGRAM 
MASS SPECTRO1ETRY 

NOT APPLICABLE 
NON STANDARD 

PROPORTIONAL GAS COUNTING 

ROCKY MOUNTAIN ANALYTICAL LABS 

STANDARD OR SELECTED 

SPECIFIC CONDUCTANCE 

TITRIMETRIC 

TANDEM ACCELERATOR MASS SPECTROMETRY 

TO BE DETERMINED 

THERMAL CONDUCTIVITY DETECTOR 

TRITIUM UNITS 

UNITED STATES GEOLOGICAL SURVEY 

WATER RESOURCES DIVISION 

MICRON 
MICROGRAM

00 

Li 

cn 

(tJ 
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L4 
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Table 2.2-1. Summary of procedures for anaiygis of parameters for the unsaturated zone hydrochemistry tests (continued) 

t..  

A Anerican Public Health Asbot t lull till ud t.I 1". 30 

8 American Society for lesting and Maturials., 1Y/8 

C Fishitan and Bradford, 1982 D U.S.Evornta Protection Agency. 1919 

: 

E Faires and Boswell, 1981 

F Cotovos and others, 1976 
G Fishmtan and Friedman, 1985 

g O'Brien. 1962 

1 Clark, 1950 
- U.S. Environmental Protection Agency. 1983 

K Fishman r nd Pyen, 1979 

L Mitchell, 1966 

N Johnson and others, 1979 

N Spencer and Erdmann, 1979 

0 Durst, 1969 
P Hughes. 1966 
o Barnes, 1964 
R Fritz and Schenk, 1976 

5 Pecsok and others, 1976 

T International Atomic Energy Agency, 1967 

t-U Donahue and others, 1984 

V - Hoefs, 1987 

w - Damon and Green, 1963 
X Lippott and Gentner, 1963 

AA Gardner, 1986 

B8 Cady and others, 1986 

CC Sdwhney, 1986 

DD Whittig and Allardice, 1986 

EE Danielson and Sutherland, 1986 

FF Peters, 1988 

GG Chapman, 1965 
HN - Sekeykra and Lechner, 1973 

11 - U.S. Environmental Protection Agency, 1986 
U, 

"KK KeIrs and Vickers, 1977 tr 

Complete references appear in Section 6.  
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Table 2.2-1. Summary of procedures for- analysi.s of parameters for the unsaturated-zone hydrochemistry tests (continued) 

LABORATORIES - OA 

flit icctiracy nimiIcr is %hown first ill ti th •able t ti Iw•hd Ily I 01ll111A .1111d tIhefI thLe II etI I',II)l fItlltie)I. When til•l C I Ifi) 1110l1 i ilt it,'1 ll .vol I .11tl t I , 

ILuboratulry lor cither nfuiber, a space i, left eithet before or t' itr ttel the colinla.  

GEOCHRON - Precision is reported for e-ch "C anyllyty prcifftiiiled and is reported as */'% of iodein caibon. The rntmner .-Auwn uii the tal~e I:, the 

highest reported in the last year of analysis. The accuracy is also determined for each analysis performed and is iepoited az. #/- years.  

The number in the table is the highest reported in the last year of analysis.

USGS, GO (Threlkeld) 

USGS, URD (Michaels) 

ROCKY MOUNTAIN ANALYTICAL LI

N) 

0

USGS, URD (CENTRAL LAB) -

Reported accuracy and precision are one standard deviation with respect to standard Pee Dee Belemnite (PDB) values.  

Reported accuracy and precision for '"0/'"0 and D/H are one standard deviation with respect to standard Mean Ocean Water 

(SHOW) values.  

ABS - Control limits for accuracy are based on the average, historical percent recovery +/- 3 standard deviation units.  

Control limits for precision range from 0 to the average, historical relative percent difference + 3 standard 

deviation units. These control limits are fairly narrow based on the consistency of the matrix being monitored and 

are updated on a quarterly basis.  

Accuracy for Laboratory Control Sample (ICS) is measured by Percent Recovery.  

Measured Concentration 

% Recovery = x 100 
Actual Concentration 

Precision for LCS is measured by Relative Percent Difference (RPO).  

Measured Concentration LCSI - Measured Concentration LCS2 

RPD = 
(Measured Concentration LCS1 + Measured Concentration LCS2)/2 

No accuracy numbers are reported by the central laboratory. Precisions are expressed in terms of the percent relative 

standard deviation, the ratio of the standard deviation to the means times 100 percent.
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2.2.25 Interference 

There are no known interferences between this study and other studies 

within the site characterization plan. However, this study is dependent 

on the drilling and stemming of drillholes at Yucca Mountain (see Figure 

5.2-1) which will provide core samples for aqueous-phase chemical 

in'estigations and access for unsaturated-zone gaseous sampling.  

Interferences between boreholes is discussed in detail in Study 

8.3.1.2.2.3 (Characterization of percolation in the unsaturated zone 

surface-based study), and Section 8.4 of the SCP. For clustered 

boreholes, drilling and testing during construction are likely to have 

some effect on the region of the rock mass which either contains or will 

contain another borehole, thereby affecting measurements of in situ 

moisture potential. Interference between widely spaced boreholes might 

involve some combination of separated unsaturated-zone boreholes, the 

facility, or any of the existing boreholes at Yucca Mountain. The concern 

is that boreholes left uncased. and especially those open to the 

azmosDhere, will perturb the pneumatic potential field and pore-gas 

comDosition over a large region. As discussed in Section 8.4.2.2.3 of the 

S<P. however, all boreholes at the site will be shut in most of the time 

after drilling to control interference with borehole monitoring 

activities. The pre-waste emplacement gaseous flow field, identification 

of structural controls, and evaluation of air circulation in the 

repository block from open boreholes will be discussed in Study 

8.3.1.2.2.6 (Characterization of gaseous-phase movement in the unsaturated 

zone).  

Sampling needs of other studies for unsaturated-zone core is being 

coordinated by a sampling overview committee to ensure that there is no 

interference between sampling requirements.

June 30, 19932.2-11
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3 DESCRIPTION OF ACTIVITIES 

The study is organized into two activities: 

"o 8.3.1.2.2.7.1 - Gaseous-phase chemical investigations; and 

"o 8.3.1.2.2.7.2 - Aqueous-phase chemical investigations.  

The plans for these activities are described in Sections 3.1 and 3.2.

June 30, 19933-1
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3.1 Gaseous-phase chemical investigations 

3.1.1 objectives of activity 

The objectives of this activity are: 

1. to understand the gas-transport mechanism; and 

2. to provide evidence of gas-flow direction, flux, and travel time 

within the unsaturated zone.  

3.1.2 Rationale for activity selection 

A study of unsaturated-zone chemistry and distribution of gases will 

help evaluate chemical transport and flow processes within the repository 

block. -'C and tritium concentration measurements will determine the 

residence time of gases in the unsaturated zone. 13 C/1'C isotopic data 

-i3.l also be used in support of 1'C age estimates. Stable-isotope ratios 

_1/0P60 and D/H), which might indicate the climatic and evaporative 

history of moisture, will provide information on flow paths of gases 

T..rough the unsaturated zone as well as interactions with other minerals 

or transport properties.  

3.1.3 General approach and summary of tests and analyses 

The gaseous-phase chemical investigations are designed to collect gas 

samples from isolated sampling stations installed in unsaturated-zone, 

surface-based boreholes, and from vertical and radial boreholes in the 

ESF. Collection of gas samples from the unsaturated-zone holes will be 

performed in open boreholes after drilling and in instrumented boreholes 

after stemming. Open-borehole gas will be sampled using a downhole packer 

system. In the ESF, gas samples will be collected during the construction 

phase from small (I- to 2-m- [3- to 6-ft-] long) horizontal boreholes 

.Located at the same horizon as radial and vertical boreholes. Post

construction-phase sampling will be from drilled and stemmed radial 

boreholes. A detailed discussion of hvdrochemical sampling in the ESF is 

provided in Section 3.8 of YMP-USGS SP 8.3.1.2.2.4 (Unsaturated-zone - ESF 

studies).  

Four different types of gas samples will be collected including gas

composition, 13C/1 2 C ratio, "C, and water-vapor samples. To guarantee the 

integrity of the samples, they will be collected and transported by 
techniques appropriate to ensure accurate collection and transportation 

(see Section 3.1.3.1).  

Figure 3.1-1 summarizes the organization of the gaseous-phase chemical 

investigations. A descriptive heading for each analysis appears in the 

shadowed boxes of the second row. Below each analysis are the individual 

methods that will be utilized. Figure 3.1-2 summarizes the objectives of 

the activity, design- and performance-parameter categories which 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 shadowed analysis boxes, respectively.

June 30, 19933 .1-1
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The two figures summarize the overall structure of the planned 

aczi-:itv in terms of methods to be employed and analyses to be made. The 

Gescriptions in the following sections are organized on the basis of these 

-- arts. Methodology and parameter information are tabulated as a means of 

ýummarizing the pertinent relations among the site parameters to be 

determined, the informational needs of the performance and design issues, 

-ne technical objectives of the activity, and the methods to be used.  

The following sections describe tests to be conducted as a part of the 

7aseous-phase chemical investigations. Each test and analysis has one or 

more procedures associated with it (Table 3.1-1 in Section 3.1.3.4). The 

:able includes procedures selected for site characterization as well as 

alternate procedures that were considered but are not currently planned to 

be implemented. In some cases, many approaches are available for 

conducting the analyses. In these cases, only the most common procedures 

are included in the table.  

3.1.3.1 Collection and transportation of samples 

Gas samples will be extracted from packer intervals of surface

based boreholes that are drilled under Study 8.3.1.2.2.3 

Characterization of Yucca Mountain percolation in the unsaturated

zone - surface-based study), and from packer intervals of the radial 

and vertical boreholes in the ESF as described in YMP-USGS SP 

3.3.1.2.2.4 (Unsaturated-zone - ESF studies). Four types of gas 

samples will be collected from surface-based and radial and vertical 

boreholes in the ESF including (1) gas composition, (2) !3C/IZC ratio, 

(3) "C, and (4) water vapor samples. Sampling tubes will be pumped 

overnight before sample collection to purge the tubes of any 

atmospheric air that might have been introduced while connecting the 

pumps to the system. Extended pumping and collection times decrease 

knowledge of the precise location of sample recovery. Then data will 

be used to evaluate the drilling effect and equilibration time.  

Available information suggests that this does not cause a problem with 

interpretation, however, there are plans to test the validity of this 

assumption using tracer gases applied to surrounding intervals.  

During sample collection, the sample gas will be pumped at a flow rate 

*f 500 milliliters per minute (see Figure 3.1-3 for system apparatus).  

1. Gas-composition samples -- two methods will be used for gas

composition sample collection. The first method uses a 

syringe inserted in the gas tubing pumped by the peristaltic 

pump; gas is allowed to flow directly into the syringe. The 

second method involves pumping the gas sample into a 250-ml 

flow-through glass container. Analysis will be made for CO2 , 

CH4 , Ar, N2 , H2 , 02, SF 6 , Fr, and BFC.  

2. 2
3C/12C ratio samples -- two methods will be used. The first 

method uses 5A molecular-sieve pellets to trap the CO 2 gas.  

The gas sample is allowed to flow into a 300-ml stainless

steel cylinder containing the 5A molecular sieve pellets which 

trap the CO2 . Isotope fractionation is not a concern with the 

large sample sizes available. This has been verified 

byprototype testing. The second method involves allowing the 

gas to flow into a 250- ml flow-through glass container.

June 30, 19933.1-4
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3. 14C samples -- two methods will be used for 14C sample 

collection. The first method employs a 5A molecular sieve as 

discussed above. The second method (KOH method) allows the 

gas to disperse through a fritted plate and bubble into a 
container of 5 molar KOH solution. The KOH solution traps the 
COz by converting it to potassium carbonate (K2C0I) (Haas and 

others, 1983).  

4. Water-vapor samples -- The cold-trap method involves pumping 

the gas through a gas trap cooled by a dry-ice-alcohol slurry 

to remove the water vapor. Samples will be analyzed for 
tritium, D/H, and 180/160.  

To transport the samples, 14C- and 1 3C-/1 2C-ratio samples will be 

packed in a cardboard box and mailed from the field to the Denver 

Federal Center laboratory for processing. Gas-composition syringe 

samples require no transportation because they are analyzed in the 
field. Condensed water-vapor samples (in vials) will be hand-carried 
7o Denver.  

Gas-composition sampling by syringe is preferred over collection 

.n a flow-through cylinder; the syringe method is easier and allows 

the sample to be injected directly from the syringe into a gas 

chromatograph for analysis. 13C/1 2 C sampling uses both molecular-sieve 
and collection in a flow-through cylinder method because it is 

important to check by both methods. The principal advantage of the 

molecular-sieve method of 14C sampling over the potassium hydroxide 

(KOH) method is its simple design and ensured, nonbreakable transport 
between the sampling site and the laboratory. Water-vapor sampling 

using a cold trap is preferred over collection by silica-gel tower or 

molecular sieve. During degas heating of the water vapor from the 

silica gel or molecular sieve, oxygen atoms in the vapor exchange with 

oxygen atoms in the silicate minerals of the silica gel and molecular 

sieve, causing errors in oxygen-isotope measurements; the cold-trap 

method does not have this problem.  

3.1.3.2 Preparation of samples for analyses 

Two methods are available for preparing gas samples for analysis: 

(1) degassing of CO2 samples trapped in molecular sieves by heating 
under a vacuum and collecting the released gases in cold traps using 

liquid nitrogen, and (2) adding acid to a potassium hydroxide (KOH) 
solution containing COZ to release the CO2 gas from potassium 

carbonate (K2 C03 ). The first method involves heating the molecular 

sieve gas-collection cylinder to 300 "C to drive off the captured 

gases, collecting the water vapor as ice in a cold trap cooled to -78 

°C by a dry ice-alcohol slurry, collecting the CO2 as a solid in a 

cold trap cooled by liquid nitrogen, and storing the CO2 in a storage 

cylinder. A simplified diagram of the degassing system is shown in 

Figure 3.1-4. The KOH method of releasing the collected CO2 is 

performed by acidifying the solution; the CO2 evolved is then reacted 
with hydrogen gas, using ruthenium pellets as a catalyst in a 

pressurized converter to form methane (CH4) gas for gas counting.  
Water vapor collected as described in Section 3.1.3.1 requires no

June 30, 19933.1-6



Volumetric 
storage 
cylinder 

100 cm 

U-tube Thermocouple W-- pressure gage 

Cold p s To vacuum pump 

finger vacuum manifold 1 

Trp 

Valve Valve 1 

Sample 

collection 03 

ccylinder 

CO 

Trap 2 
C 0 2 C 0 2 

S• Valvestorage t 

Scylinder 
Trap I Check valve 

® Stopcock H2 0 Hosebarb 2 
I-o c-, 
0 --4 Hose clamp

Figure 3.1-4. Schematic of degassing system for gaseous -phase chemical Investigations.



YM.P-USGS-SP 8.3.1.2.2.7, RI

further preparation.  

Sample collection and degassing using the molecular sieve/vacuum
heating method is much easier to perform (no chemical exchange 
involved). The apparatus employed is simpler, easier to operate, and 
less subject to malfunction.  

Internal checks assure release of all of the CO2 gas. For 

example, near the end of the degassing procedure, the liquid-nitrogen 
level is raised around the CO2 cold trap. This exposes a clean 
section of the collection tube in the trap to liquid nitrogen. Any 
CO, still solidifying in the trap will form a ring of new white solid 

on this section of the tube, indicating that the degassing process is 

not yet complete. No formation of new carbon-dioxide solid ensures 

that all of the carbon dioxide has been trapped. This also can be 
checked by the installation of a thermocouple vacuum gage.  

3.1.3.3 Analyses 

All analyses will be conducted by existing qualified laboratories 
:hat have been approved by the USGS Quality Assurance Program. All 

gas and water-vapor samples will be checked for contamination from 

drilling fluids by using sulfur hexafluoride, SF6 , or a similar 
conservative-gas tracer which may have been introduced during air

coring of boreholes. Stable-isotope ratios (180/160, 13C/1 2C, and D/H) 

will be analyzed using mass spectrometry. Gas counters will be used 
to determine tritium activity in water vapor. Large '-C samples (14CO 2 

gas) will be analyzed using conventional gas-counting methods. Small 
!'C samples will be analyzed by tandem accelerator mass spectrometry 
"(T.AMS). "Ar and 8 5Kr will be separated out from other gases in the 
samples. processed, and measured by proportional counter. In 

addition, gas samples will be analyzed for the presence of tracers 
(SF,, CH4, freon, etc.), using gas chromatography (GC).  

"'AC and tritium concentration measurements are preferred over 39Ar 

and 35Kr. Because argon is a rare gas, whose natural concentration is 

very small, a very large volume of sample gas would be necessary for 
conventional gas counting which requires some type of gas-separation 

system. Such a system would be difficult to handle. Measurement of 
4C allows for a much smaller sample volume, because it can be 

measured by the TAMS. Furthermore, 39Ar has an additional drawback in 
that it can also be produced by in situ neutron activation in the 

subsurface which may interfere with the measurement of cosmogenic 
39Ar. The feasibility of dating samples with 39Ar and 8

5Kr needs to be 

evaluated. Similarly, M2'Rn will be evaluated with other noble gases, 

and if appropriate will be studied at Yucca Mountain. 3 6CI, which is 
also likely to be formed in situ will be evaluated as well for the 

gas-phase studies. 180/160, 13C/' 2 C, and D/H stable-isotope ratios are 

preferred over other stable-isotope ratios because more conventional 
methods are available, and standard analysis techniques already exist 
for these isotopes.
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3.1.3.4 Methods summary 

The parameters to be determined by the tests and analyses 

described in the above sections are summarized in Table 3.1-1. Also 

listed are the selected and alternate methods for determining the 

parameters and the current estimate of the parameter-value range. The 

alternate methods will be utilized only if the primary (selected) 

method is impractical to measure the parameter(s) of interest. In 

some cases, there are many approaches to conducting the test. In 

those cases, only the most common methods are included in the tables.  

The selected methods in Table 3.1-1 were chosen wholly or in part on 

the basis of accuracy, precision, duration of methods, expected range, 

and interference with other tests and analyses.  

Methods for collecting, transporting, storing, preparing, and 

analyzing gases from the unsaturated zone are nonstandard. Methods 

development will be an ongoing aspect of the gaseous-phase 

hydrochemistry investigations. The data produced during methods 

development will be investigated to determine its suitability for site 

characterization.  

The USGS investigators have selected methods which they feel 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 parameters have been bracketed by previous data collection 

and computer modeling and are shown in Table 3.1-1.  

Methods for collecting gases from core samples are being 

investigated in the pore-water extraction prototype study (USGS-SIP

6942G-15,RO). Methods to introduce, sample, and analyze gas tracer 

samples are being investigated in the tracer prototype study (USGS

SIP-6942G-05,RO).  

3.1.4 Technical procedures 

The USGS quality-assurance program plan for the IMP (U.S. Geological 

Survey, 1989) requires documentation of technical procedures for all 

technical activities that require quality assurance.  

Table 3.1-2 provides a tabulation of technical procedures applicable 

to this activity. Approved procedures are identified with a USGS number.  

Procedures that require preparation do not have procedures numbers and are 

labeled "TBD". Many of the needed technical procedures depend on the 

results of ongoing prototype testing and cannot be completed until work is 

done.  

Equipment requirements and instrument calibration are described in 

USGS technical procedures. Lists of equipment and stepwise procedures for 

the use and calibration of equipment limits, accuracy, handling, and 

calibration needs, quantitative or qualitative acceptance criteria of 

results, description of data documentation, identification, treatment and
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control of samples, and records requirements are included in these 
documents.
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Table 3. 1-'. Technical procedures for the gaseous-phase chemical investigations (SCP Activity 8.3.1..2.7.1) 

Technical procedure number' Technical procedure 

Collection and transportation of gas samples 

HP-176 Field procedure for gas and water vapor sampling from open 
borehole 

HP-07 Use of a trace gas for determining atmospheric contamination in a 
dry-drilled borehole 

HP-56 Gas and water vapor sampling from unsaturated-zone test holes 
(stemmed) 

HP-176 Procedure to collect gas-composition samples at selected depth 
intervals in open unsaturated-zone boreholes 

HP-195 Method for heat evacuating gas storage and collection cylinders 

HP-236T Installation and operation of PVC straddle packer string in UZ 
borenoles for gas and water vapor sampling 

HP-239T Method for removing traced drilling air from unsaturated-zone 
boreholes 

Preparation of gas samples for analysis 

HP-86 Method for degassing carbon dioxide and water (vapor) samples from 
unsaturated-zone test holes 

HP-190T Scientific notebook plan: silica gel dewatering 

Analysis of ,as samples 

HP- 160 Methods for analysis of samples for gas composition by gas 
chromatography 

HP- 194 Approximation of relative humidity using a silica-gel tower, cold 
trap. and molecular-sieve within unsaturated-zone test holes as an aid 
in determining pumping efficiency 

HP-204 Liquid scintillation spectrometry method for tritium measurement of 
water samples 

HP-240 Method for analysis of CO. and/or CH, gas sample concentrations by 
ga chromatography using Summit Interests SIP 1000 

Procedures not listed are in place and will be performed by 
certified external laboratories which have been approved by the 

USGS Quality Assurance Program
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3.2 Aqueous-phase chemical investigations 

3.2.1 Objectives of the activity 

The objectives of this activity are: 

i. to design and implement methods for extracting pore water from 

unsaturated-zone tuff; 

2. to obtain data that will be used to evaluate flow direction, flux, 

and travel time of water in the unsaturated zone; 

3. to determine the extent of water/rock interaction; and 

4. to model the geochemical evolution of water in the unsaturated 

zone.  

3.2.2 Rationale for activity selection 

Processes and conditions that may affect the precipitation. sorption, 

and mobility of radionuclides can be inferred from the inorganic 

composition of unsaturated-zone water. The chemistry of pore water 

reflects the results of water/rock interactions within the matrix of the 

rock. and the chemistry of fracture water reflects the results of chemical 

processes along the water/rock interface. Chemical parameters such as 

ionic strength and ranges of pH will provide information on solubility and 

reactivity of the natural geochemical environment beneath Yucca Mountain.  

Processes affecting the artificial environment of the engineered-barrier 

systems and the transport behavior of radionuclides leached from the waste 

package will be better understood and interpreted by studying the 

composition of unsaturated-zone water.  

A progressive change in pore-water inorganic composition is expected 

with depth in the unsaturated zone. This compositional variation probably 

can be related to variations in the types and compositions of primary 

minerals that the pore water may have come in contact with and the 

duration of this contact. The composition of fracture water may be useful 

in determining the degree of interconnectivity of the fractures. Some 

fractures may not extend over long distances and hence may not intersect 

major water pathways. The water composition in these fractures may be 

similar to adjacent pore water, which have had long periods of water/rock 

interaction. Water within interconnected fractures, however, probably has 

had relatively short residence times and should be relatively dilute 

compared with water from poorly interconnected fractures or surrounding 

matrix pore water. This dilute chemical concentration in water at great 

depths combined with a young 14C age of water would imply a relatively 

fast travel time in the unsaturated zone, or periods of intense recharge 

at the land surface. Conversely, large solute concentrations at great 

depth and a large "C age of water would imply a slow travel time or 

overall minor recharge at the site.  

Isotopic compositional data can be used to interpret paleohydrologic 

conditions, including sources, times, and climate of recharge. When ocean 

water evaporates, the lighter H2
160 water molecules are preferentially 

evaporated compared with H21
80 or HD160; therefore, atmospheric water vapor
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is deoleted in heavw isotopes relative to sea water. When poleward- or 

lanoward-driven water condenses, the first precipitation is enriched in 
the more condensable heavy isotopes. The remaining water becomes further 
depleted of heavy isotopes, which causes successive precipitated water to 
be progressively lighter. As a result, precipitation is lighter farther 
inland. higher in the mountains, and toward both poles. There is also an 
",,amount effect" on isotopic composition of precipitation in that a heavy 
rainfall tends to be isotopically lighter than a light rainfall. Thus, 
larze storms which are particularly noticeable in arid regions are likely 

to produce recharge events through thick unsaturated zones, and are likely 
to be significantly depleted in heavy isotopes relative to long-term mean
values which are based mostly on smaller, more frequent storms. Thus, 

precipitation at various locations at the Nevada test site (and also 
different altitudes) and different storm events should be collected and 
analyzed for their stable hydrogen- and oxygen-isotope compositions.  

From August 1983 through August 1986, the stable-isotope compositions 
of precipitation in southern Nevada were collected and published by Milne 
and others (1987). Twelve stations were set up: four at the top of Yucca 
Mountain. one each at Pahute Mesa, Desert Range, Bare Mountain, Spring 
M!ountain (at the top), Spring Mountain (at the bottom), City of Pahrump, 

"-3 well site, and the southern end of Fortymile Wash. Samples usually 

Were obtained within 24 hours of the cessation of precipitation. In June 

of 1985, Microloggers in addition to temperature probes and tipping-bucket 
rain gages were installed at seven stations to record date, time, 
temperature, and number of rain-gage tips. The rain gage tips each time 
the bucket is filled with 0.025 cm (0.01 in.) of rain. Also sequential 
rain samplers were placed at two sampling sites to determine the changes 
in 6o-O and 6D due to the "amount effect" during a storm.  

The long-time average of the isotopic compositions in rain and snow 
collected at different stations can be compared with the unsaturated- and 

saturated-zone ground waters to identify the sources of recharge to the 
ground water beneath Yucca Mountain. Evaporation of snowmelt before 
recharge will cause the 6180 and 6D values of infiltrated ground water to 
be heavier. By comparing the isotopic compositions of ground water and 
precipitation, evaporation history of the recharge water can be 
determined. On the other hand, if the ground water is found to possess 
slightly negative 6180 and 6D values as compared with the average 
composition of the precipitation falling on the recharge areas, it means 

that only heavy rain showers contribute to the local rain discharge 
(amount effect) and these are of a lighter than average isotopic 
composition. Preliminary results indicate that only very depleted 6180 
and 6D values in precipitation (snowmelt from high altitude or 
precipitation from cold climate or last glaciation) can match the isotopic 
signals of the saturated-zone ground water beneath Yucca Mountain.  

Furthermore, collections of large-storm-event precipitation in the 
fractures of the unsaturated zone at depths (such as in the exploratory 
studies facility radial boreholes) will aid in identifying source and 

amount of ground-water recharge. From the age of water determined by 14C 

and tritium methods, the likely time of recharge will be identified.  

Although individual precipitation at the same location varies greatly 

in composition with time due to local weather fluctuations (e.g.,
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temperature. humidity, and wind), water infiltrating the ground has 

relatively small isotopic compositional variation with time due to an 

averaging effect. Thus, only long-term climatic changes can be recognized 

by significant differences in isotopic composition of unsaturated-zone 

water. Precipitation at Yucca Mountain during a cooler climate is 

comparatively more depleted in heavy isotopes than that from a warmer 

climate. Therefore, by analyzing the compositions of 180 and D in the 

unsaturated-zone water, it is possible to identify the climate at the time 

of recharge (i.e., recharged during warm- or cold-climatic regime). The 

isotope ratios of oxygen and hydrogen recharged during the last ice age 

(about 10,000 years ago) were significantly depleted compared to isotopic 

ratios of different sources. Therefore, when stable-isotope compositions 

of oxygen and hydrogen are compared with the climates of the past, flow 

paths of the water can likely be identified.  

The sources of recharge can be identified from the differences in 

stable-isotope ratios due to an altitude effect (the higher the altitude, 

the cooler the condensation temperature, hence the lower the isotopic 

ratios). The possible sources of Yucca Mountain's precipitation are the 

Pacific Northwest, California coast, Gulf of California, and the Gulf of 

Mexico. Each is probably tagged with different stable oxygen- and 

hydrogen-isotope ratios (see Study 8.3.1.5.1.1, Characterization of modern 

regional climate). When the isotopic composition of unsaturated-zone 

waters is compared with precipitation collected at Yucca Mountain from 

these four sources, the water source possibly can be inferred.  

Furthermore, the age of water determined by 14C and tritium methods will 

likely identify recharge, travel, and residence times (Yang and others, 

1985). In unsaturated-zone conditions, conventional theories may not be 

directly applicable. Therefore, data obtained from this study will be 

compared to other Alternative Conceptual Models (see Study 8.3.1.2.2.1).  

:wo critical prototype tests will be undertaken prior to 

hydrochemistry testing in order to design and validate methods o. pore

water collection. The two prototype tests are triaxial and uniaxial 

compression tests. These tests are described in detail in Section 

3.2.3.2.  

3.2.3 General approach and summary of tests and analyses 

Pore water from the rock matrix and near fractures will be extracted 

from unsaturated-zone drill cores for chemical and isotopic analyses. The 

drill core will be provided from the coring of neutron-access holes 

(Activity 8.3.1.2.2.1.2, Evaluation of natural infiltration), surface

based boreholes (Study 8.3.1.2.2.3, Characterization of percolation in the 

unsaturated-zone -- surface-based study), and radial and vertical 

boreholes in the ESF, (Study 8.3.1.2.2.4, Unsaturated-zone - ESF studies).  

Samples will also be checked for the presence of artificial tracers (USGS

SIP-6942G-05, Prototype tracer testing [gas and waterlin support of 

exploratory studies hydrologic investigations) that would indicate 
contamination during the drilling of the wells and tne ESF construction.  

The water will be extracted by applying pressure (triaxial or uniaxial 

compression), vacuum distillation, or immiscible displacement. These 

different water-extraction techniques will be evaluated during prototype 

testing. Water has been expressed from 4-inch core pieces with moisture
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contents as low as 6%. Tests are continuing to try to collect water from 
drier cores.  

Figure 3.2-1 summarizes the organization of the aqueous-phase chemical 
investigations. A descriptive heading for each test and analysis appears 
in the shadowed boxes of the second row. Below each test/analysis are the 
individual methods that will be utilized. Figure 3.2-2 summarizes the 
objectives of the activity, design- and performance-parameter categories 
which 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 shadowed 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 as a 
means of summarizing the pertinent relations among the site parameters to 
be determined, the informational needs of the performance and design 
issues, the mechanical objectives of the activity, and the methods to be 
used.  

3.2.3.1 Collection and transportation of samples 

The procedures for collecting, sealing, and transporting samples 
from the ESF are listed in Section 3.8 of YMP-USGS SP 8.3.1.2.2.4.8 
(Hydrochemistry tests in the exploratory studies facility). Dry
coring procedures will be used for collecting samples for aqueous

phase chemical investigations from surface-based boreholes and neutron 
holes. The dry-coring techniques are described in studies 8.3.1.2.2.1 
(Characterization of unsaturated-zone infiltration) and 8.3.1.2.2.3 
(Characterization of percolation in the unsaturated-zone -- surface
based study).  

When samples are available after coring, procedures for handling 
those samples are as follows: (1) the samples will be preserved and 
marked with an indelible marker on tape and placed in storage 
containers; (2) the sealed and containerized core samples will be 
transported from Yucca Mountain to the Sample Management Facility 
(SMF) cold storage room, and then to the cold storage facility at the 
Denver Federal Center in an air-conditioned vehicle to ensure core
moisture preservation; (3) the samples are prepared for one
dimensional compression in a nitrogen-atmosphere glove box to prevent 
atmospheric contamination; and (4) the effects of extended holding 
times under controlled cold room conditions on cores sealed by various 
methods have been investigated (Striffler and others, 1993).  

The effects of dry coring (i.e., evaporative enrichment of the 
core-sample water) are being investigated in two prototype tests: (i) 
wet versus dry drilling and (2) dry coring of rubble samples. These 
tests have been described in detail in Sections 3.8.3.4, 3.8.3.5, and 
3.8.3.6 in Study 8.3.1.2.2.4 (Unsaturated-zone - ESF studies).
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Transfer of unsaturated-zone cores sealed and preserved in the 

containers from field site to Denver Laboratory is conducted according 

to the technical procedure HP-131 of U.S. Geological Survey.  

3.2.3.2 Extraction of water from core sampl-es 

The four methods to extract water from unsaturated tuffs include 

triaxial compression, high speed centrifugation, vacuum distillation, 

and immiscible displacement. Triaxial compression involves placing a 

core sample in a compression chamber and applying axial and confining 

pressures incrementally to force water and air from the pore space 

(see Figure 3.2-3). Using a sequence of incremental pressures allows 

a maximum amount of water to be recovered with a minimum potential for 

,cater/rock interactions which might alter the original pore-water 

composition. (Axial pressure is increased in three steps: 76, 117, 

and 152 MPa; at the same time, confining pressure is increased from 55 

to 62 MPa.) A unaxial compression chamber (Figure 3.2-4) was used to 

successfully extract pore water from the welded tuff. Different core 

orientations (in relation to the tuff fabric) can also be tested to 

optimize water recovery. The centrifugation method uses the large 

centrifugal force developed in a high-speed (8,000 to 18,000 rpm) 

centrifuge to drive pore water out of a core (Figure 3.2-5) (Davis and 

others, 1985). The removal process can be simple drainage, or an 

immiscible fluid can be introduced to displace the pore water during 

centrifugation.  

Centrifugation can be used on broken samples as well as on intact 

core pieces. The distillation method involves heating the core under 

a vacuum and capturing the vaporized pore water in a low-temperature 

i-78 °C) cold trap (see Table 3.2-2, technical procedure HP-126). The 

immiscible-displacement method uses an immiscible fluid (usually a 

halogenated hydrocarbon) to displace pore water from the core in a 

leaching process (Kinniburgh and Miles, 1983).  

In extracting pore water from tuff samples, several of the above 

methods can be used in sequence to achieve maximum water recovery. A 

progression from triaxial compression or centrifugation to vacuum 

distillation for a single sample ensures optimum water removal. This 

sequence also represents a ranking from most desirable to least 

preferred of the pore-water extraction methods. Triaxial compression 

is favored over centrifugation for two major reasons: 

1. the forces acting on the core are better understood for 

triaxial compression than centrifugation; therefore, more 

information about the actual pore-volume reduction process 

that occurs within the core will be gained from triaxial 
compression; and 

2. the triaxial-compression method also recovers gas from the 

sample pore space, which is not possible using centrifugation.  

The composition of the gas in the sample is also useful in 

pore-fluid characterization.
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Figure 3.2-3. Schematic of apparatus for pore-water extraction by triaxial 

compression in aqueous-phase chemical investigations.
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Centrifugation, however, can be used on broken cores which are 

unsuitable for triaxial compression. Immiscible displacement is the 

least favored method, because by forcing a new fluid into the sample, 

it introduces additional potential for error, either by adding trace 

water present in the immiscible fluid or by chemical reactions between 

the immiscible fluid and the core. (Centrifugation would be performed 

using simple drainage only and not incorporating an immiscible fluid 

for this same reason.) 

A representative water sample extracted from the core can be 

verified in two ways. First, by taking water samples at each pressure 

during the triaxial compression procedure, a set of chemical

concentration data relating cation and anion concentrations to axial 

pressure will be available. If the ion concentrations do not increase 

with increasing pressure, then the triaxial compression process is 

probably not affecting the original pore-water composition. (Also, if 

a sharp increase in concentration is noted at a larger pressure, 

future work can secure representative samples by holding pressures to 

smaller than that amount.) Second, water-sample analyses from a core 

which was extracted by centrifugation can be compared to analyses from 

a nearby core used for triaxial compression. Similar chemical 

concentrations obtained by both methods would, again, support the 

':alidity of triaxial compression in producing representative samples 

(Yang and others, 1988).  

The pore-water extraction by one-dimensional compression prototype 

testing will determine proper extraction procedures to produce 

representative water samples and will determine if a particular rock 

core orientation is more favorable than another for water extraction.  

The methods developed during the prototype test will be implemented 

during aqueous-phase chemical investigations.  

3.2.3.3 Analyses 

All analyses will be conducted by existing qualified laboratories 

that have been approved by the USGS Quality Assurance Program. Cation 

concentrations will be measured by using inductively coupled plasma 

(ICP), and anion concentrations will be measured using ion 

chromatography. Stable-isotope ratios will be analyzed using mass 

spectrometry. Small-concentration gas counters or liquid 

scintillation counters will be used to determine tritium activity.  

Large 1'C samples will be analyzed using conventional gas-counting 

methods. Small 14C samples will be analyzed by tandem accelerator 

mass spectrometry (TAMS). 36C1 will be analyzed using TAMS. 39Ar and 

15Kr will be purged from the water samples, processed, and measured by 

proportional counter. Selected water and gas samples will be analyzed 

for the presence of tracers (Cl, Br, NO 3 , SF 6 , Freon-ll, -12, etc.) 

and rare-earth elements, using gas chromatography-mass spectrometry 

(GCMS), high-pressure liquid chromatography (HPLC), and ICP-MS.  

For water-sample dating, 14C and tritium are preferred over 39Ar 

and 85Kr. Because argon and krypton are so insoluble in water, a very 

large volume of water would be necessary to use these isotopes for 

sample-age dating. It is doubtful that such a large amount of water 

could be obtained. In addition, 39Ar and 85Kr are counted in a
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conventional gas counter: small sample volumes cannot be measured.  
Carbon-14 requires much smaller sample volumes because it can be 
measured by the TAMS method. Furthermore, 39Ar has an additional 
drawback in that it can also be produced by in situ neutron activation 
in the subsurface which may interfere with the measurement of 
•)smogenic 39Ar. Nevertheless, the feasibility of dating samples with 
- Ar and 85Kr needs to be evaluated.  

The use of 36C1 for age dating is also dependent on the extent of 
in situ production in the subsurface. If this interference is 
minimal, 36CI will be used for age dating of water. Samples for 36C1 

age dating will be sent to LANL and the work will be conducted under 
Activity 8.3.1.2.2.2.1 (Chloride and 3 6C1 measurement of percolation 
at Yucca Mountain). 180/160, 13C/1 2 C, and D/H stable-isotope ratios are 

preferred over other stable-isotope ratios because more background 
data are available, and standard analysis techniques already exist for 
these isotopes. The use of ICP, ion chromatography, GCMS, and HPLC 
are preferred to atomic absorption because these techniques can 
analyze more than one element at a time, whereas atomic absorption 
must determine each element individually and so would require much 
more time and sample volume to complete an analysis.  

"4C and tritium dating will determine the age of water in the 
unsaturated zone. Stable-isotope ratios will provide information on 
Whe flow path of the water through the unsaturated zone and any large
temperature water/rock interactions. Age and flow-path length 
together will be used to estimate travel times of water in the 
unsaturated zone. Ion concentrations will provide information about 
chemical processes involving the rock matrix and pore water. Tracer 
concentrations will help determine the effects of 
excavation/operations on water in the unsaturated zone.  

3.2.3.4 Methods summary 

The parameters to be determined by the tests and analyses 
described in the above sections are summarized in Table 3.2-1. Also 
listed are the selected and alternate methods for determining the 
parameters and the current estimate of the parameter-value range. The 
alternate methods will be utilized only if the primary (selected) 
method is impractical to measure the parameter(s) of interest. In 
some cases, there are many approaches to conducting the test. In 
those cases, only the most common methods are included in the tables.  
The selected methods in Table 3.2-1 were chosen wholly or in part on 
the basis of accuracy, precision, duration of methods, expected range, 
and interference with other tests and analyses.  

Methods for collecting, transporting, storing, preparing, and 
analyzing water from the unsaturated zone are nonstandard. Methods 
development will be an ongoing aspect of the aqueous phase 
hydrochemistry investigations. The data produced during methods 
development will be investigated to determine its suitability for site 
characterization.  

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

developed to be consistent with test results. The expected ranges of 

the site parameters have been bracketed by previous data collection 

and computer modeling and are shown in Table 3.2-1.  

3.2.4 Technical procedures 

The USGS quality-assurance program plan for the YMP (U.S. Geological 

Survev. 1989) requires documentation of technical procedures for all 

technical activities that require quality assurance.  

Table 3.2-2 provides a tabulation of technical procedures applicable 

to this activity. Approved procedures are identified with a USGS number.  

?rocedures that require preparation do not have procedures numbers and are 

labeled "TBD". Many of the needed technical procedures depend on the 

results of ongoing prototype testing and cannot be completed until work is 

done.  

Equipment requirements and instrument calibration are described in 

USGS technical procedures. Lists of equipment and stepwise procedures for 

-he use and calibration of equipment limits, accuracy, handling, and 

calibration needs, 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 3.2-'. Technical procedures for the aqueous-phase chermical in'estigations (SCP Activity 8.3. lv...7._)

Technical procedure numbei Technical procedure

Collection and transportation of water samples

HP-131 

HP-237T

HP-125 

HP-126 

H P-223 

HP-1 10

Methods for handling and transporting unsaturated
core and rubble samples for hydrochemical analysis 

Methods for sealing unsaturated zone borehole core 
samples to preserve moisture content 

Extraction of water from core samples 

Methods for extraction of pore water from tuff cores 
by triaxiali compression 

Extraction of residual water from tuff samples by 
vacuum distillation 

Method for pore-water extraction using one
dimensional compression 

Extraction of pore waters by centrifuge methods 

Analyses of water samples 

Analysis of water samples for anion and cation 
concentrations by ion chromatography 

Liquid scintillation spectrometry method for tritium 
measurement of water samples 

Procedures not listed are in place and will be.performed by 
certified external laboratories which have been approved by the 

USGS Quality Assurance Proeram

HP-_02 

HP-204
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4 APPLICATION OF STUDY RESULTS 

4.1 Application of results to resolution of design and performance issues 

7:e results of this study will be used in the resolution of 'IMP 

performance and design issues concerned with fluid flow (both liquid and gas) 

within 7ne unsaturated zone beneath Yucca Mountain. The principal 

applications will be in assessments of ground-water and gas travel times 

(Issues and 1.6), and design analyses related to the waste package (Issue 

1.10 and underground-repository facilities (Issue 4.4). Issues concerned 

with repositorv seals (Issue 1.12) will also use the hydrochemical information 

resuliinz from this study.  

T nDpiication of site information from this study to design- and 

performance-parameter needs required for the resolution of design and 

performance issues is addressed in Section 1.3. Logic diagrams and tables are 

used to summarize specific relations between performance- and design-parameter 

needs and site parameters determined from this study. Section 7.1 provides 

additional detailed parameter relations (see Table 7.1-1).
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4.2 Application of results to support other site-characterization 

investigations and studies 

Data collected in this study will be employed in other studies in 

Investization 8.3.1.2.2 (Studies to provide a description of the unsaturated

zone hvdrologic system at the site) as well as studies in the following 

investizations.

8.3.1.2.1 

8.3.1.2.3 

8.3.1.3.1 

8.3.1.2.4 

8.2.1.3:5 

8.3.1.3.6 

8.3.1.2.7 

8.3.1.3 

8.3.1.5.1

8.3.1.5.2

Studies to provide a description of the regional hydrologic 
system: 

Studies to provide a description of the saturated-zone hydrologic 

system at the site; 

Studies to provide the information on water chemistry within the 

potential emplacement horizon and along potential flow paths; 

Studies to provide the information required on radionuclide 

retardation by sorption processes along flow paths to the 

accessible environment; 

Studies to provide the information required on radionuclide 

retardation by precipitation processes along flow paths to the 

accessible environment; 

Studies to provide the information required on radionuclide 

retardation by dispersive, diffusive, and advective transport 

processes along flow paths to the accessible environment; 

Studies to provide the information required on radionuclide 

retardation by all processes along flow paths to the accessible 

environment; 

Studies to provide the required information on retardation of 

gaseous radionuclides along flow paths to the accessible 
environment: 

Studies to provide the information required on nature and rates 

of change in climatic conditions to predict future climates; 

Studies to provide the information required on potential effects 

of future climatic conditions on hydrologic characteristics;

8.3.1.16.3 - Ground-water conditions within and above the potential host rock; 

and 

8.3.4.2.4 - Postemplacement near-field environment.  

Investigation 8.3.1.2.2, of which Study 8.3.1.2.2.7 is a component, is 

directed at understanding the fundamentals of unsaturated flow and transport 

at Yucca Mountain. Of the nine studies in this investigation, only Study 

8.3.1.2.2.4 and Activity 8.3.1.2.2.4.8 (Hydrochemistry tests in the 

exploratory studies facility) address the issues of both aqueous and gaseous 

chemistry and transport in the unsaturated zone. Study 8.3.1.2.2.6 

(Characterization of gaseous-phase movement in the unsaturated zone) addresses
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gas-flow phenomena but focuses very little on transport and hydrochemistry.  

Studies 8.3.1.2.2.2 (Water-movement tracer tests using chloride and chlorine

36 measurements of percolation at Yucca Mountain) and 8.3.1.2.2.5 (Diffusion 

tests in the exploratory studies facility) address aqueous transport.  

The characterization of unsaturated-zone hydrochemistry at the site 

interfaces with several other studies and investigations to provide an 

understanding of the hydrology and chemistry beneath Yucca Mountain. In 

Investigation 8.3.1.2.1 (Studies to provide a description of the regional 

hydrologic system), results from the unsaturated-zone hydrochemistry study 

will be applicable to Activity 8.3.1.2.1.3.3 (Fortymile Wash recharge study) 

and Study 8.3.1.2.1.4 (Regional hydrologic system synthesis and modeling).  

The data acquired in this study will complement data from Investigation 

8.3.1.2.3. (Studies to provide a description of the saturated-zone hydrologic 

system at the site). Chemical and isotopic analyses of unsaturated-zone 

interstitial waters will be used specifically in Study 8.3.1.2.3.2 

(Characterization of the site saturated-zone hydrochemistry). Also, in order 

to calculate flow path, flux, and velocity within the saturated zone which is 

required for Study 8.3.1.2.3.3 (Saturated-zone hydrologic system synthesis and 

modeling), input from unsaturated-zone hvdrochemical models (Study 

8.3.1.2.2.9) are needed.  

Investigation 8.3.1.3.1 (Studies to provide the information on water 

chemistry within the potential emplacement horizon and along potential flow 

paths) will receive direct input from the activities in this study. Study 

8.3.1.3.1.1 (Ground-water chemistry model) will employ the water-sample and 

analyses data generated by Activity 8.3.1.2.2.7.2.  

In Investigations 8.3.1.3.4 (Studies to provide the information required 

on radionuclide retardation by sorption processes along flow paths to the 

accessible environment), 8.3.1.3.5 (Studies to provide information required on 

radionuclide retardation by precipitation processes along flow paths to the 

accessible environment), and 8.3.1.3.6 (Studies to provide the information 

required on radionulcide retardation by dispersive, diffusive, and advective 

transport processes along flow paths to the accessible environment), the 

hydrochemical characteristics researched in this study will contribute to 

sorption. precipitation, and dispersive/diffusive/ advective transport 

studies. Knowledge of hydrochemistry provides information relevant to 

water/rock interactions and, consequently, to radionuclide migration and 

retardation by all processes along flow paths to the accessible environment 

(Investigation 8.3.1.3.7). Data from the unsaturated-zone hydrochemistry 

study will be used in Study 8.3.1.3.7.1 (Retardation sensitivity analysis).  

In particular, data will support Activities 8.3.1.3.7.1.2 

(Geochemical/geophysical model of Yucca Mountain and integrated geochemical 

transport calculations) and 8.3.1.3.7.1.3 (Transport models and related 

support). Similarly, the gaseous-phase chemical data generated in this study 

will be used in Investigation 8.3.1.3.8 (Studies to provide the required 

information on retardation of gaseous radionuclides along flow paths to the 

accessible environment) to provide information on the retardation of gaseous 

radionuclides along flow paths to the accessible environment.  

In Investigation 8.3.1.5.1 (Studies to provide the information required on 

nature and rates of change in climatic conditions to predict future climates), 
unsaturated-zone hydrochemistry data will be used in comparison with the
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isotopic content of regional storms (Activity 8.3.1.5.1.1.1), paleoclimate 

geochemistry (Activity 8.3.1.5.1.2.3), and in the modeling of future climates 

(Study 8.3.1.5.1.6). Interpretation of data from this study will provide 

estimates of pore-water ages and insight as to recharge to, and flow within, 

the unsaturated zone. Hydrochemical information will also support Study 

8.3.1.5.2.1 (Characterization of Quaternary regional hydrology) of 

Investization 8.3.1.5.2 (Studies to provide the information required on 

potential effects of future climatic conditions on hydrologic characteristics) 

by providing isotopic and water-composition data to determine pore-water 

residence times and travel paths.  

In Investigation 8.3.1.16.3 (Ground-water conditions within and above the 

potential host rock), Study 8.3.1.16.3.1 (Determination of the preclosure 

hydrologic conditions of the unsaturated zone at Yucca Mountain, Nevada) will 

compile and synthesize data collected in this study pertinent to unsaturated

zone characterization. These data will be used in addressing repository

design requirements, design analyses, and underground-facilities technology.  

In Investigation 8.3.4.2.4 (Postemplacement near-field environment) to be 

conducted by Lawrence Livermore National Laboratory (LLNL), Activity 

8.3.4.2.-,.I.3 (Composition of vadose water from the waste-package environment) 

will inze~rate data collected in this study to establish the variability of 

vadose-water composition within the repository horizon. This information will 

define the bounds to be expected on vadose-water composition in the pre

emplacement waste package environment.
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5 SCHEDULES AND MILESTONES 

5.1 Schedules 

A tentative schedule for the work covered in this study plan is presented 

in Figure 5.1-1. The proposed schedule summarizes the logic network and 

reports for the two activities described in this study. The schedule 

information includes the sequencing, interrelations, and relative durations of 

the described activities. Specific durations, and start and finish dates for 

the activities are being developed as part of ongoing 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 or may interfere 

with other studies.  

The sampling of the unsaturated zone for chemical analyses as described in 

this study plan will be dependent on the drilling schedules of the surface

based holes as described in Study 8.3.1.2.2.3 (Characterization of percolation 

in the unsaturated-zone -- surface-based study) and the construction schedules 

of the ESF. Accurate characterization of the unsaturated-zone hydrochemistryl 

will require several years of sampling and monitoring.
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5.2 Milestones 

The milestone numbers, titles, and levels associated with the two 

activities of the unsaturated-zone hydrochemistry study are summarized in 

Table 5.2-1.  

The inrormation presented in the table represents major events or 

important summary milestones associated with the activities presented in this 

study plan as shown in Figure 5.1-1. Specific dates for the milestones are 

not included in the table, as project schedules have been revised from those 

originally stated in Section 5 of the SCP, and are subject to further change 

due to ongoing planning efforts.
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Table 5.2-1. Milestone list for Study 8.3.1.2.2.7 

Milestone Number Milestone Milestone Level

Gaseous-phase chemical investigations: Activity 8.3.1.2.7.7.1 

P715 Preliminary evaluation of UZ hydrochemistry 2 

P736 Final evaluation of hydrochemistry 2 

H20M HP for straddle packer 3 

H2 IM Straddle-packer evaluation 3 

H441% WRI open file report: UZI data 1984-1991 3 

H50IM WRIR report: Write monitoring gas tracer 3 

H56M OFR: UZI. UZ6s. UZ16 data for FY92 & FY93 3 

P710 Preliminary analysis, gas sampling of UZ 3 

P731 Final analysis of gas sampling of UZ 3 

H19M HP: Portable GC, SF6 meter 4 

H27%IA TDIF for UZI raw data to LRC 1984-1991 4 

H46M OFR: UZI gas and water vapor data 1984-1991 4 

H48M Interpretative report: Gas and water vapor data 4 

Aqueous-phase chemical investigations: Activity 8.3.1.2.7.7.2 

H14M Report: Fracture water collection method 3 

H214NI Preliminary analysis aqueous phase UZ hydrochemistry 3 

H413M Final analysis aqueous phase UZ hydrochemistry 3 

HA12M Open file report: SP, DTPS, proto & UZ hydrochemistry 3 

HAI4MA HP technical procedure: Collection method for H20 3
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Table 5.2-1. Milestone list for study 8.3.1.2.2.7"--Connnued 

Milestone Number Milestone Milestone Level 

Aqueous-phase chemical investigations: Activit 8.3.1.2.7.7.2 

H013M HP: Fracture H,.0 4 

H022M Report: Effects of core sealing 4 

H02M TDIF 
4 

HAOM TDIF 
4
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7 APPENDICES 

7.1 Relations between the site information to be developed in this study and 

the design- and performance-information needs specified in the SCP 

Tlhis section tabulates in Table 7.1-1 the specific technical 

information relations between SCP design- and performance-parameters needs 

and site parameters to be determined in this study. The relations were 

deveiooed using model-based parameter categories (see Figure 2.1-2) that 

provide common terminology and organization for evaluation of site, 

design, and performance information relations.  

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 8.3.2 - 8.3.5). At the 

beginning of each issue group, the performance measures addressed by the 

design or performance parameters for the issue are listed. 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 information source (site study) 

can oe 7-..ae.  

For each design and performance parameter noted in the table, the 

associated goal and confidence (current and needed) and site location are 

listed. For each parameter category, the associated site parameters are 

listed with information about the site location and the site activity 

providing the information.  

Comparison of the information relations (site parameters with 

desisn/:erformance parameters) must be done as sets of parameters in a 

given 7arameter 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 not be made. For a 

discussion of the design and performance issues that obtain data from this 

study see Section 1.3. Similarly, a discussion of how the site parameters 

determined in this study are interpreted from the data collected can be 

found in Section 2.1-2.
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Table 7.1-1 Design and per formnance issues andJ parameters supported by ,esults of this study

Design aiKd Perfolmam"e 

Parametel s

Paraioetes Itoat ioll #is .anveter Goal and 

Confidence 

(Currentt and Needed)

Site Pa,.,MI!tvS Parameter locatioll

(SCP 8.3.5.13)

Total system performance

Performance Measures: (Sipporting parameters nteeded to evaluate the nominal case and as baseline data for the disturbed cases.) 

EPPH , nominal case. release scenario class E, gas pathway release 

Parameter Category: tUnsaturated- zone fluid chemistry and temperatuie, and age

Profile of partial 
pressure of CO2 (Ambient 
rock mass)

Repository area; 
Unsaturated-zone units, 

overburden

Goal; No goal 
Current* Low 

Needed: Medium

06
Profiles of bicarbonate 
concentration, 

calcium-ion 

concentration, pH, in 

liquid phase (Ambient 

rock mass) 

Profile of carbon-14 

concentration (Ambient.  

rock mass pore spaces) 

Major-ion water chemistry 

(composition. Eh, pi); 

"ambient rock-mass pore 

fluids

Goal: 1o be determined 
Current: low 
Needed: Meditan

Pore-gas conoosition 

Radioactive-isotope 

activity in gas phase 

(
3
0 and 14C)

Yucca Mountain vertical 
boreholes; Unsaturated 

zone (all units 

penetrated by 

site-vertical boreholes) 

4.

Stable-isotope ratio in 
gas phase (180/160.  
13 0 12C, ,, N1 Pitt) 

Pore water hydi ochemical 

compositoios

Issue 1.1

Site Activity

-I

CU4 

0 

i-b 
'0 
'0

8.3.1.2.2.7.1 

Ii

0 
cn 

cn 

I.V 

t-, 

003 

W-8.3.1.2.2.7.2

I

(SCP 8.3.5.11)



table 7.1-1 Design aid plftol,,lnce ist51es arvd parameters "-ppo, ted by '.uitts of this study

Design arnd Per fornuince 

Parameters

Pasail.ter locatilion 9%',1 .airtel Goal arid 
Confidence 

(Current and Needed)

Site Pardla.telI Paraneter tocitiuti

cscP 8.3.5.13)

Total system performance

Performance Measures: EPPHa, nominal case, release scenario class F, gas pathway release 

Parameter Category: Ut.satiorated-zone fluid chemistry and teqperatule, and age

Radioactive isotope 
activity in liquid phase 

ON and 14C) 

Stdble-isotope ratio in 

liquid phase 

Water qtjality. cation and 

anions

Yucca mountain vertical boreholes; Unsaturated 

zone (all units 
penetrated by 
site-vertical boreholes) 

S.

Parameter Category: Unsaturated-zone fluid flux

wean residence time of 

released carbon-14 

dioxide in 

unsaturated-ione units, 

gas pathway (scenario 

class E, nominal case)

Controlled area; 

Unsaturated zone

Goal: Show residence time 
)10.O00 yr 

Current: Low 

Needed: Iigh

Gas flow paths. 8.3.1.2.2.7.1 
hydochenical 

determination

Issue 1.1

Site Activity

-4 '-a

U

'.4 

0 

"i-
•D

N

CA, 
C) U, 

I 
tn 

.3o 

t--

I

(SCP 8.3.5.13)



Iable 7.1-1 Design and pei forimatce issues and parameters suppor ted by IeuIts of this study

Design aled Perfocinaeece 

Parameters

Pae,,neiel JtOLatiOin 01.o0 .0,.tel Goal BildJ 

Conf idence 

(Cus rent and Needed)

S It e NO me ut el S Pal1n-settl I eULat illl Site ALtViity

total system performance (Sd' 8.3.5.11)

Performance Measures:

Parametei Category: Unsaturated-zone fluid flux

Gas travel times, 
hydrochemical 

determination

Yucca Hountain vertical 

boreholes; Unsaturated 

zone (all tinits 

penetrated by 

site-vertical boreholes)

Water flow paths 
(180,160, D/H), pore 

waters

water travel times 
and 311

( 14C Se

8.3.1.2.2.r. 1

8.3.1.2.2.f..2

N

issue 1.1

I,.j

Le 0 

%0 

%0 W.

0 L'2 

Li
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Table 7.1-1 Design and performance issues and parameters supported by ,t•ults of this study

Design and Perlormance 

Parameters

Parameter tocation
Patameter Goal and 

Confidence 

(Current and Heeded)

Site I'|rdilCte| S

Pre-waStO-emplacement. ground-water travel time
(ScP 8.3.5.12)

Performance Measures: (Supporting parameters used in calculating performance parameters for ground~water travel time.) 

Ground-water travel time, lopopah Spring welded unit (secondmry reliance) 

Groaud-watr travel time. Calico Hills non-welded. vitric unit (primary reliance) 

Ground-water travel time*, Calico Hills non-welded. zeolitized unit (primary reliance) 

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

"-4 

* Isotopic ratios, 

n ground-water residence 

time (Fractures) 

isotopic ratios.  
ground-water residence 

time (Rock matrix)

Repository area; 
Unsaturated zone, each 

geohydrologic unit below 

repository

Goal: mean. SDev 
Current: WAk NA 

Needed: medium. Low 

Goal: Mean. SCor. SOev 

Current: NA. NA. NA 

Needed: Medium, Low. Low

yucca mountain vertical boreholes; Unsaturated 

zone-(all units 

penetrated by 

site-vertical boreholes)

Radioactive-isotope 
activity in gas phase 

( 3 H and 
14 C) 

Stable-isotope ratio in 

gas phase (150/160.  

13C/ 12C, axi Dill) 

Pore watel I'ydlochemical 

compos I t ionls 

Radioactive-isotope 

activity in liquid phase 
(3N and 140

Issue 1.6

4..) 
0D

8.3.1.2.2..7.2

00 

tn 

I-'

Site Activity
Pla-iameter | ocativOf

8.3.1.2.2.7. 1
pore-gas composition

a



ldble /.1.1 Ues.Ign .1r.i peti,, i .;.., e • t ije . I.f Id .- ,.II ttc I s stippi, t .d by I 
t

, . of tI• .I I •timly

Design armJ Perfoematire 

Parameters

Pat aimter tocat lot, iPa JnCtet Goal ant 
Coaf idence 

(Lis rent and Needed)

Site Pa, ditilt iS
Paralletel I ocat ion

(SCP 8.$.5.12)
Pre.waste-eI laCfcement. grouxi.dwater tiavel time

Performance Measures: Ground-water travel timee, lopopah Spring weided unit (secondary reliance) 

Ground-water travel timee, Calico Hills non-uelded, vitric unit (primary reliance) 

Ground-water travel timee, Calico Hills non-welded, zeolitized unit (primary reliance)

Parameter Category: uuisaturated zonte fluid chemistry and temperatue, arid age

Stable-isotope ratio in 
liquid phase 

Water qtaality, cation and 

anions

Yucca Mountain vertical 
boreholes; Unsaturated 

zone (all units 

penetrated by 

site-vertical boteholes)

Parameter Category: Unsaturated-zone fluid flux

Distance along flow paths Controlled area; ISw 

Controlled area; CHnv

Goai: 310 m (IOOX) 
Current: Medium 

Heeded: Ieo 

te,,at: P2.5 m (100%), >25 

a (BOX) 

Current: tow. tow
1 

Needed: High. Medium

8.3.1.2.2.1.iGas flow paths, 
hydrochemical 

determination 

Gas teavel tiilos, 

hydrochemical 

determination

issue 1.6

Site Activity
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table 7.1-1 Design and perforlmance issues and parameters supported by ,esults of this study 

Design antl Perfoomalce Parameter tOL.ItiOll i'.aidmntel Goal sold Site paa.,nwtelt. Paranfite, i tiul SIKe Altt'ivty 

Parameters 
Confidence 

(Current and Needed) 

(SCP 8.3.5.12) 

Issue 1.6 Pre.waste-empilacement. grouix.uwalel traivet time 

Performance Measures: Ground-water travel timee. Calico Hills non-welded, zeotitized unit (primary reliance) 

Paramete, Category: Unsaturated-zone fluid ilux 

Distance along flow paths Controlled area; CHnz Goal: )2.5 m (100%), )25 Water flow paths Yucca Mounitain vertical 8.5.1.2.2.7.2 

m (B0X) 
(180,160. DIN), pore boreholes; •nsaturated 

Current: tow, towf waters zone (all units 

Heeded: High, Medium 
penetrated by 

site-vertiLal boreholes) 

Uater travel times (1
4 C 

and 3 H) 

Issue 1.10 Waste package characteristics (postclosure) 
(SCP 8.3.4.2) 

C/) 

Performance Measures- Quality of liquid water that can contact the container 
00 

Parameter Categoly: tif.satu.ated'sone fluid chemistry and tenpeatlile, wSlvd age 

Mineralogy lid water Repository area; Pole gdS C.Ijusit lilt.  

€ q WJaltty: rock-mater Repository block: ISw2 tillIet:ot 

" iteraction at elevated Needed: High 

%0 temperature 
%0 
L.)



lable 7.1-1 DeLb-1n ' alJO Iel to0I ,.n~ C a•taes• ,Mlc-1 pdranhete0 .. alqul - trud 1,y •u l t I, of this btudy

Design aiKI Perform.11ue 

Parameters

Pl'aIiletef Location Psu. ueter Goal aikd 
Confidence 

(L-i rent and Needed)

Sit• aicdlowtetl , Paranletel I ()loat IoIl

Uaste package characteristics (postclosuie)

Perforamnce Measures. Quality of I iqcuid water that can cutitact the container

Parameter Category: Minsatt,,ated-zoise fluid chemistry and temleratue, and age

"Mineralogy and water 

quality: vadose water 

coaposition

Repository area; 
Repository block: ISu2 Ctn rent: 

Needed: High

Radioactive-isotope 
activity in gas phase 

(3O r and IC)

Yucca N4vitain vertical 
boreholes; Unsaturated 

zone (all tIlts 

penetrated by 

site-vertical borehotes)

Stable isotolp ratio in 
gas phase (0o0/160.  
13 C/ 12 C. and D/ll)

Pote watel hydruchemical 
coa ttsit ions

Radioactive isotope 
activity in liquid ;Ioase 

(ON and 1IC) 

Stable isotope *atio it, 

liqluid liesse 

water cqality, cation and 

anions

issue 1.10

Site Activity

(SCP 8.3.A.2)

8.3. 1.2.2. 7.1

C-0 

0 

i-' 

"0D

8.3.1.2.2.7.2

cz 
(a 

C) 

F-.' 

N).

I
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Table 7.1-1 Design and performance issues and parameters supported by results of this study 

Design and Performance Parameter tocat ion Parameter Goal anld Site Paraletel s Parameter Location Site Activity 

Parameters 
Confidence 

(Current astl Needed) 

Issue 1.12 Seat characteristics 

(SCP 8.3.3.2) 

Performance Measures: Ouantity of water 

Parameter Category: tinsaturated-Zone fluid chemistry and temperature. and age 

"-' chemistry of waters (if Goal: Elemestal Pore-gas con;PositIon Yucca HMintaiii vertical 8.3.1.2.2.7.1 

I" any); in faults, 
concentration similar to boreholes; Unsaturated 

SIncluding sediment 
those contained In SCP zone (all tonits 

content 
table 4s6 

penetrated by 

Current: Low 
slte-vertical boreholes) 

Needed: Medium 

Radiloactive isotope 

activity in gas phase 

(
3 H and 

1CC) 

0 

Stable-isotope ratio In 

gas phase (18O10,160 
isC/12 C, and D/It) 

co 

L. 
Pole uatel Ilydh ( hinical 8.3.I.2.2.7.2 

"activity ill lifqlid 141rise 

'0 (StH and 
14 C)
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table 7.1-1 Design and performance issues and parameters supported by results of this study

Design and Perfotmance 

Parameters

Pao ameter Location Parameter Goal and 
Confidence 

(C(t, ret.t atIl Needed)

Site Paarentsis Parametel Location

(SCP 8.3.3.2)
Seal chauacteristics

Performance Measures:

A

Parameter Category: Unsaturated-orne fluid chemistry and temperature, asod age

Stable-isotolm ratio in 
liquid phase 

water qtoality. cation and 

an I ons

Yucca Mountain vertical 
boreholes; Unsaturated 

zone Call imits 

peietrated by 

site-vertical boreholes)

Repository construction, operation, closure, and decommissioning technologies

Performansce Heasules: Removal rate ecual to iate of iniflow 

it,1 , ,a...l l..,Itego y: hl,.%.1lnfateid In..r fluid fl1i1

R,,;Nlitiplty Inciiitie%; At ti iiflow Ialte 
Ill ,Ia us ary of */- ItS g9I"

1.40dedolt: lMdw 
Needed: Medium

(;;I% fll,,•w .l,, 
hyd, c h,'11 I , 11t 

detel Imln.at it'.

Issue 1.12

'-a 
'

0

Issue 4.4

8.3.1.2.2.7.2

L.  

(1) 

6.C)

(SCP 8.3.2.5)

,.$.1.2? 2.7 1
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I

Site Activity
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Table 7.1-1 Design and performance issues and parameters supported by iesults of this study 

Design anJd Performance Parametel Location Parameter Goal asid Site parameteas Parametei location Site Activity 

Parameters 
Confidence 

(Current and Needed) 

Issue 4.4 Repository construction, operation, closure. and decommissioning technologies 
(SCP 8.3.2.5) 

Performance Measures: 

Parameter Category: Unsaturated-zone fluid flux 

Gas travel times, Yucca Mountain vertical 8.3.1.2.2.7.1 

"hydrochemical boreholes; Unsaturated 

determination zone (all tmlts 

penetrated by 

site--vertical boreholes) 

Water flow paths 
8.3.1.2.2.7.2 

(1Is0160, D0N), Fmi e 

waters 

Water travel times 
14
•C, C) 

and MH) 

iI 
¢o 

0 

LO


