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ABSTRACT

This study plan describes the site-characterization activities to be
performed for the evaluation of the effects of possible future climate and
geclogic changes on the surface-water and saturated-zone hydrelogic regimes at
Yucca Mountain and the surrounding region. Results from this study will provide
hydrologic parameter input for the resolution of performance and design issues.
- The two activities of this study are:

-] Analysis of future surface-water hydrology due to climate changes;
and
-] Evaluation of possible future changes of the climate and regional

geclogic framework on the regional saturated-zone hydrology.

The raticnale for the effects of future climate on hydrology study is
described in Secticns 1 (regulatory rationale) and 2 (technical rationale).
section 3 describes the specific plans for the activities, including the
analyses to be performed and the selected and alternative methods considered.
Section 4 summarizes the application of study results, and Section S presents
the schedules and associated milestones.

April 30, 1992
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1 PURPOSE AND OBJECTIVES OF STUDY
1.1 Purpcae 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 purposea
of the studies are to provide hydrologic and geoclogic information to
evaluate the suitability of Yucca Mountain for development as & high-level
nuclear-waste repository, and the ability of the mined geoclogic-disposal
system (MGDS) to isolate the waste in compliance with regulatory
requirements. In particular, ths project is designed tc acquire information
necessary for the Department of Energy (DOE) to demonstrate in its
environmental-impact statement and license application that the MGDS will
meet the requirements of federal regulations 10 CFR Part 60, 10 CFR Part
960, and 40 CFR Part 191.

The purpose of the study plan is tc describe and outline strategies
for evaluating the effects of possible future climate changes upon the
surface~-water and saturated-zone hydrology of Yucca Mountain and the
surrounding region. The study is organized intc two activities:

© 8.3.1.5.2.2.1 -~ Analysis of future surface hydrology due to climate
changes, and

© 8.3.1.5.2.2.3 =~ Evaluation of possible future changes in climate and
regional geclogic framework on regicnal saturated-
zone hydrology.

Note that the numbers (e.g., 8.3.1.5.2.2.1) used throughout this plan
eerve 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.

The SCP description of the present study contains a separate activity
for the evaluation of hydrologic effects of possible future climate changes
upon the site unsaturated zone (Activity 8.3.1.5.2.2.2, Analysis of future
unsaturated-zone hydrology due to climate changes). This activity has not
been included in the study plan because its scientific content has been
incorporated in YMP-USGS §P 6.3.1.2.2.9 (Site unsaturated-zone modeling and
synthesis). The logic for this change is explained in Section 1.2.

Figure 1.1-1 {llustrates the location of the study within the SCP
Climate Program. The future regional hydrology study is one of eight
studies planned to characterize paleoclimatic history, evaluate expected
future climatic scenarios, define relations between paleocclimate and
paleohydrology, and evaluate the response of the future Yucca Mountain
hydrologic regime to possible changes in future climate, or to changes in
the future geclogic framework if results of various studies demonstrate a
need to do so. The two activities in this study were selected based on
various factors. Time and schedule reguirements were considered in
determining the number and types of analyses chosen to obtain the required
data. Analyses were designed on the basis of design/performance-parameter

1.1-1 April 30, 1992



Z-1°t

Z66t ‘0ot tyady

lcwnemoemul

83.15

Polential Eftects of
Future Climatic Conditione
on Hydsologic Chasactssiatics

83182

Characiasization of the
Natuwre and Raise of Change
in Cimatic Conditions to
Pradict Future Climales
831814
Chasactesization of the
Futwe Regilonal Cimale
and Envikonments
8318516
Chasactestzation of the Im“ ' EM' ..I Y ME way:
Modemn Regional Chmale Deposlts
8314819 831512
Chmate Anslysis of the Palsocknate-
implications of Pelecenvionmental Palscenviconmental
History of the
Torrastsial Yuocs Mountein Synthesls
Palscecology Reglon
| astAL3 831514 631.5158

Futwre Setwrated-Zone
Hydsology to Climate
Changes

83.1.5223

Figure 1.1-1. Location of study within the future climate/hydrology Investigation and organization of the

7 +nate Program.

0¥ ‘T°T°S°T1°C 8 dS-$9SN-dHX




e

YMP-USGS-SP 8.3.1.5.2.2, RO

needs, available analytical methods, and test scale. These factors are
described in Sections 2 and 3. The analyses were also designed such that
resulting data will be comprehensive enough to permit interpretations
according to alternate hypotheses for the natural systems that the analyses
are investigating

The.descriptions and pleans for both activities are presented in Section
3. Plans for the analysis of future surface-water hydrology are discussed
in Section 3.1, and plans for the synthesis of possible future recharge and
changes in geologic framework on the Yucca Mountain saturated zone are in
Section 3.3. Application of the study results is summarized in Sections 1.3
and &4, study and activity schedules and milestones are presented in Section
5, & study-plan reference list is presented in Section 6, and quality-
assurance requirements are discussed in Section 7.1.

1.1-3 April 30, 1992
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1.2 Objectives of study

The objective of this study is to characterize the impacts of potential
future climate changes on the regional and site surface-water system, and
.the impacts of potential future climate changes and changes in the regional
geologic framework on the regional saturated-zone hydrology. °-The modeling
_of the site unsaturated zone under conditions of greater-than-present
effective precipitation (SCP Activity £.3.1.5.2.2.2) is not included in this
study; it will be performed in Study 8.3.1.2.2.9 (YMP-USGS SP 8.3.1.2:2.9,
Site unsaturated-zone modeling and synthesis), and this effort will be
integrated as appropriate with the efforts of the present study.

The scientific approach to meeting the study objective will be to
apply numerical hydrologic modeling techniques to the hydrologic regimes of
Yucca Mountain and vicinity. This strategy will allow the evaluation of the
effects of .a range of possible future climatic conditions (e.g., variations
in precipitation and temperature) upon site and regional hydrology, during
climatic scenarios postulated in the Yucca Mountain region over the next
10,000 &nd 100,000 yr.

Figure 1.2-1 shows the future regional hydrology study as the
culminating effort in the Climate Program. Three components of site
characterization converge in the study and make possible the evaluation of
future hydrology due to climate change. They are: 1) conceptual and
numerical hydrologic models of the surface-water (from the Geohydrology
Progrem) &and the saturated-zone hydrologic regimes (from the Geohydrology
Program and the present study); 2) current climatology and future climatic
scenarics (from the Climate Program); &nd 3) synthesis of paleohydrology and
paleoclimate (a part of the present study). In the third component,
evidence about the nature of Quaternary regional hydrology will be
correlated with the paleoclimatic history (from Investigation 8.3.1.5.1) of
the Yucca Mountain region end with changes in the geologic framework. The
results of this reconstruction will guide modeling efforts in evaluating the
effects of possible future climatic changes and(or) changes in the geologic
framework.

The future surface-water activity (8.3.1.5.2.2.1) is expected to provide
estimates on the magnitudes and frequencies of future runoff and streamflow
events. The unsaturated-zone modeling efforts of Study 8.3.1.2.2.9 are
expected to provide a range of estimates for possible values of future
infiltration, percolation, and saturation. The future saturated-zone
activity (Activity 8.3.1.5.2.2.3) is expected to provide an evaluation of
the response of the saturated-zone water table, flow paths, and fluxes to -
possible future climatic conditions and changes in the regional geologic
framework.

. 1.241 April 30, 1992
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1.3 Regulatory rationale and justification

In this etudy, evaluations of the effects of possible future climate
changes upon the surface-water and saturated-zone hydrology will contribute
- directly to the resolution of applicable elements of Issue 1.1 (Limiting
radionuclide releases to the accessible environment) and Issus 1.9b (Higher-
level findings, 100,000-yr condition). The SCP (V.S. Department of Energy,
11988, p. 8.3.1.5-3) states that for the regulatory period of 10,000 years,
the site-characterization data from this study needed to satisfy Issue 1.1
will be sufficient for the resolutions of the applicable elements of Issues
1.8 (NRC siting criteria), 1.9a (Higher-level findings, 10,000-yr
condition), 1.10 (Characteristics and configurations of waste package), 1.11
(Characteristics and configurations of repository and engineered barriers),
and 1.12 (Characteristics and configurations of shaft and borehole seals).
The unsaturated-zone modaling (under conditicns of greater-than-present
effective precipitation) of Study 8.3.1.2.2.9 (Site unsaturated-zone
modeling and synthesis) will also contribute to issues resolution by the
path described above.

~ SCP Table 8.3.1.5-1 is a listing of the four specific repository
performance scenarios related tc possible future climatic changes and their
effects upon the hydrology of Yucca Mountain and onvltonn. These scenarios
are summarized below:

o Climatic chnnqco cause an increase in infiltration over the
controlled area; *

© Climatic changes cause an increase in altitude of the water table;

° Climatic changes cause an increase in the gradient of the water
tadble within the controlled area; and

© Climatic changes cause the appearance of lu:ficialvdiochargo peints
within the contrelled area.

In addition to the SCP scenariocs, climate changes can cause & change in the
form of precipitation or precipitation amounts, resulting in an increase in
infiltration over the controlled area.

Each of these scenarios is accompanied in tha table by a performance measure
and performance parameters. For example, the performance measure for the
third scenario is radionuclide transport time through the saturated zone to
the accessible environment boundary. The accessible environment is the
atmosphare, land surfaces, surface waters, coceans, and lithosphere beyond
the controlled area. The controlled area will extend horizontally no more
than § km in any direction from the outer boundary of the original location
of the radicactive wastes. The performance parameters for the scenaric are
the expected magnitudes of the changes in water-table gradient due to
climatic changes over the next 10,000 yr (for Issue 1.1) and 100,000 yr
(Issue 1.%b), respectively.

Values for the performance piramete:- for all four of the scenariocs will

be provided by the characterization-parameter data genersted by the future
surface-water modeling of Activity £.3.1.5.2.2.1, the unsaturated-zone

1.3=-1 April 30, 1992
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modeling (under conditions of greater-than-present effective precipitation)
of Study 8.3.1.2.2.9 (described in YMP-USGS SP 8.3.1.2.2.9, Site
unsaturated-zone mcdeling and eynthesis), and the future saturated-zone
modeling of Activity 8.3.1.5.2.2.3. It is through thie process that the
elements of repository performance and design issues relating to future
climatic effects upon hydrology will be addressed. -

The overall regulitory-technical relations between the SCP performance-
assessment issues and the analyses generated in this study are presented in
the testing strategy presented in SCP Section 8.3.1.5 and the issue-
resolution strategies presented in SCP Sections 8.3.2 through 8.3.5. The
description presented below provides a more specific identificaticn of these
relations as they apply to this study. A tabulation of parameter raelations
between performance and design parameters and the characterization
parameters of this study is presented in Appendix 7.2 (Table 7.2-1).

The purpose of the following text is to clarify the path that site-
characterization data will fcllow from its origin in this study to its use
in the resolution of repcsitory performance and design iessues. 1In other
study plans, it has been useful to group the measured parameters of the
various activities (activity parameters) intc a limited set of
characterization parameters, more broadly defined parameters that encompass
activity-parameter data collected in the field and laboratery, or generated
by modeling. It should be noted that because the present study is the
culminating study of the Climate Program, it generates only characterization
parameters. By using characterization parameters, it becomes easier to
demcnstrate how the study relates to satisfying the information requirements
of parameters in the performance issues. This demonstration is made in
Table 7.2-1. This study generates the following set of characterization
parameterss

pctivity 8 e amete
Activity 6.3.1.5.2.2.1 ~ Future Future runoff and streamflow
surface-water hydrology
Activity 8.3.1.5.2.2.3 -« Future Future saturated-zone hydrologic
saturated-zone hydrology conditions

Project-organization interfaces between this study and YMP performance
and design issues are illustrated in Figure 1.3-1. The figure also
indicates project interfaces with other studies; these relations are
described further in Section 4.2. The relations between the performance
issues noted later in this section and the regulatory regquirements of 10 CFR
60 and 10 CFR 960 are described in SCP Section 8.2.1.

The following portion of this section summarizes from the SCP the study-
level interfaces betwean this study and the performance and design issues.
The discussion of the uses of site-characterization data from this study in
resolving those iesues is based upon performance measures and performance
parameters identified in SCP Sectiocn 8.13.S5.

1.3-2 April 30, 1992
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2 RATIONALE FOR STUDY
2.1 Technical rationale and justification

The technical raticnale for the study is that climate changes impact
surface, unsaturated-zone, and saturated zone hydreclogy and these impacts
may affect the performance of the repository. -

If it is shown that percolation would increase through the repository
block in response to a wetter-than-present episode of future climate, it is
possible that radionuclide-transport time from the repository to the
accessible environment could be shortensd. The potential for radicnuclide
releass would be enhanced if the waste canisters were submerged by a water
table rising through the 165-m (540-ft) interval betwsen the proposed
repository and the existing water table. A more humid climate will increase
the fracture flow in the unsaturated zone, but will not flood the
repository; however, increased fracture flow coupled with a raised water
table may decreases ground-water travel tima.

The water-table elevation beneath the repcsitory horizon reflects an
interaction of many factors, among which are (1) the local recharge rate;
{(2) the lateral flux in the saturated zone resulting from recharge in
upgradient areas; (3) vestiges from prior climatic regimes that persist
becauss of storage effects; (4) distance to, and elevation of, regional
discharge boundaries; and especially (5) the distribution of hydraulic
conductivities and geclogic structures in the saturated zone. The modeling
of future hydrologic response to possible climate changes will allow a
prediction cof water-table elevation changes due to changes in input values
of any one (or more) variable(s). )

2.1.1 Role of study in the Climate Prograa

The location ¢f the future climatic effects on hydrology study
within the SCP Climate Program is shown in Pigure 1l.1-1. Activities
planned for the study include: (1) an analysis of future surface
hydrology as a result of climatic changes, and (2) evaluation of
possible future changes in climate and regicnal geoclogic framework on
regional saturated-zons hydrology. {(The analysis of future unsaturated-
gons hydrology due to climatic changes will bs performed as part of
Study 8.3.1.2.2.9, Site unsaturated-zons modeling and synthesis.)

For analysis of future surface hydrology as a result of climatic
changes, the rationale for employing a combined conceptual and numerical
approach is that the responss of a watershed to changes in climate is
complex and climatic change is not always directly reflected by changes
in watershed response. The complexity of the response of the surface-
water regime to climatic change precludes the use of analytical
solutions for the problem. NKumerical simulation is thus the most

~ efficient and dependable method for evaluating possible conditions in
the future surfece-water regime.
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2.1.2 Gensral modeling approach

Previocusly gathered data, published data, and site-characterization
data gathered concurrently with modeling studies will be used in
svaluating the response of the Yucca Mountain hydrology to possible
future climatie changes. Data are limited throughout the study area,
and, therefore, an assessment of uncertainty will be made through
standard methods such as sensitivity analysaes.

For the purposes of this study plan, the definitions of computer
software verification and model validatiocn are those given in the U.S.
DOBR OCRWM Quality Assurance Manual (1590), Section 19.2.

The following are steps in the modeling proccess (adapted from Bear
(1972)3 they are shown schematically in Pigure 2.1-1.

1. Formulate a conceptual model (a set of working hypothesis) of the
hydrologic system. The concsptual model must incorporate as many
fsatures and processes of the natural system as possible, and should
incorporate all available data, observations, and interpretations of
the data and cbservations. Any assumptions about the natural systenm
should be a part of the conceptual model. In the analysis of futurs
surface hydrology as a result of climatic changes, an example of a
conceptual model tO be tested by a numerical model could be the
cbservation that the longer-term arid cycles may be out of phase
with selscted short-term precipitation events. In the analysis of
future saturated-zone hydrology as a result of climatic changes, an
sxample of a conceptual model could be that recharge reaching the
watezr table through the unsaturated zone has only a negligible
effsct on water-table slevation.

2. Construct and calibrate a numerical model of the present-day
hydrologic system, based on the conceptual model and attendant
assumptions. The first procedure in model construction £{s the
discretization of the study area. Model mesh design depends on the
geochydrologic setting of the study area, the equations used to
describe ground-water flow (based on the conceptual modsl), and the
scale of the modal. Model scale is dependent on the selected
representative slementary volume (REV) or information provided by a
statistical evaluation of the measured values froa the aguifer
systems under study. Time must be discretized for transient
simulations. The second procedure is estizmation of model variables
throughout the mesh area, and incorporation of measured values
directly into the modsl. BEstimates are derived from data and

* observations or may be derived deterministically, stochastically,
smpirically, or qualitatively. 7The third procedure is calibraticn
of the numerical model. This process consists of comparison of
simulation results with cbservations and measured data. If the
comparison is considered acceptable based on professional judgment,
then the process is finished; if not, model values, boundary
conditions, or the conceptual model may be modified and the
simulation repeated. The simulation/modification process continues
until acceptable agreement exists betwaen ths numerical model and
the field observaticns or msasurements. Final simulation rssults

2.1-2 April 30, 1992



YHP‘USGS-SP 803.1.5-202!

RO

COLLECT DATA
SYNTHESZE DATA AND QUANTITATIVE AND
FORMULATE CONCEPTUAL b QUALITATIVE
MODEL : INTERPRETATION
4 OF DATA
FORMULATE ASSUMPTIONS
NECESSARY TO APPLY
MATHEMATICAL MOOEL
RESULTS TO DIRECT
AND PRIORITZE NEW APPLY MATHEMATICAL
AND EXISTING FELD MODEL TO CONCEPTUAL
STUDIES (SENSTVITY MODEL TO GENERATE
ANALYSES) NUMERICAL MODEL
X v
SIMULATE FLOW > FWRSLREDGBSYS;N?
SYSTEM [«
, ‘1—' WITH OBSERVATIONS
! -
[]
NUMERICAL MODEL
CALIBRATION PROCESS
COMPARE CALISRATED
NUMERICAL MODELING
RESULTS WITH
OBSERVED DATA
MODEL
NO , ARE RESULTS | > v
D ADEQUATE? YEs PE%
FINAL CONCEPTUAL
AND NUMERICAL
MODELS
PERFORMANCE SITE
ASSESSMENT MODELS

Figure 2.1-1. The conceptusli-numerical modeling process.
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are those of the calibrated numerical model. The model is judged,
by the investigator, to be calibrated based, in part, on
predetermined criteria, such as the minimum sum of sguared residuals
between calculated and cbserved hydraulic head. In the analysis of
future saturated-zone hydrology dus to climate changes, the modal
will be calibrated to inferred values of precipitation and water-
table elevation for specific time intervals in the Quaternary.

In the analysis of future surface hydrology due to climatic changes,
the numerical model must be calibrated to historical data for
precipitation, temperature, and solar radiation. Optimization in
this activity is the automatic (program-controlled) adjustment of a
specified set of paramsters to obtain better agreement between
observed and predicted runcff. Selected parameters are adjusted
within user~defined limits until the bast agresement between observed
and predicted runoff possibls is cbtained. Several different
optimization techniques are currently available with the
Precipitation-Runoff Modeling System (PRM3) (Leavesley and others,
1983, p. 46-57).

Compare final simulation results with observations and measured
data. If the comparison is judged to be adeguate by the
investigator, the process is complste; otherwise collect more data
and observations, and modify the conceptual model. Studies in which
additional data and observations would be collscted include Study
8.3.1.4.2.1 (Vartical and lateral distribution of stratigraphic
units in =ne site area), 8.3.1.4.2.2 (Structural features within the
site area), 8.3.1.4.2.3 (Three-dimensicnal geologic modals),
8.3.1.4.3.2 (Three-dimensicnal rock-characteristics models},
8.3.1.2.1.3 (Regicnal ground-water flow system), 8.3.1.5.2.1
(Quaternary regicnal hydrology), 8.3.1.2.1.1 (Meteorology for
regional hydrolegy), and 8.3.1.2.1.2 (Regional surface-water runoff
and streamflow).

Validate model results to the sxtent pcssible. In the future
surface-water activity, field validation will incorporate new test
data that may beccms available during the development, testing, and
calibration of the model. Measurable data, which will include
streamflow, hydraulic head, infiltration, and discharge, will be
used as they become available as checks against model rssults. In
addition, peer review will be used to support model validation.

In the analysis of future saturated-zone hydrology, a validation of
the numerical model is planned. The model will be rzun forward in
time from an interval in the Quatarnary (to which it has been
calibrated) to the present, and the positiocn of the modeled water
table will bs compared against the pressnt obsarved water table.
The calibration will be made using Quaternary positions of the water
table assembled in YMP-USGS SP 8.).1.5.2.1 (Quaternary regicnal
hydrology). The validation will be mads against the present-day
position of the watser table as assembled in YMP-USGS SP 8.3.1.2.1.3
(Regional ground-water flow systea), and YMP-USGS SP 8.3.1.2.3.3
{Site saturated-zone ground-water flow system). Validation of the
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modeled water table in response to posaiblo future-climatic
ecenarios will not be possible. :

Steps (1), (2) and (3) are repeated until an adequate representation
of the hydrclogic system is obtained. Modeling may give a better
understanding of the natural hydrologic system and the features and
factors that affect it.

Sensitivity analyses may alsc be done after the model calibration
process is complete. The final sensitivity analyses will be used to
identify parameters and areas where more data are nesded to reduce
uncertainty.

There are several methods for doing sensitivity analyses.
Quantitative sensitivity analyses involve the calculation of parameter
sensitivities ("parameters® here refers to numerical hydrologic
parameters or varisbles). Parameter sensitivities are a measure of the
sensitivity or response of the numerical model to changes in the value
of a modsl parameter. HNumerical methods will be used to calculate model
sensitivities; sensitivities may be evaluated by deterministic,
stochastic, or empirical methods, or by qualitative and interpretive
methods. Qualitative sensitivity analyses (the relative ranking of
variables) may alsc be used during the activity. The calculation and
interpretation of sensitivities constitutes the procass of sensitivity
analysis. .

In ths future surface-water activity, sensitivity analysis produces
information that allows the user to determine the extent to which
uncertainty in the parameters results in uncertainty in the predicted
runoff, and to assess the magnitude of paramster errors and parameter
intercorrelations when an optimization is performed. This information
points out where the greatest returns night be for more detailed
measurements or information.

In the analysis of the future saturated-zone hydrology, new data
that are obtainsd after the model has undergons the calibration process
will be used t¢ evaluate model results. For example, if transmissivity
estimates become available for a region within a modeled area, then
transmissivity estimates used in the model will be compared to thoss
obtained from field testing. In this case an exact match would be
“unlikely; rather a "match" (sometimes to within an order of magnitude)
batwesn cbserved and modelesimulated valuas may be considered Accoptnblc
based on performance issues or criteria.

Because of the regicnal and large-scale nature of the modeling
effort, numerical modeling of the saturated zone in this study will
assume that equivalent porous-media (EPM) concepts and Darcy’s Law apply
‘to the ground-water flow systems. (Other analytical concepts for
ground-water flow will be applied if appropriate.) That is, the
numerical mcdels will be basesd on Darcy‘s Law and the various forms of
‘the partial differential equation that dsscrides transisnt ground-water
flow (the diffusion squation; Freezs and Cherry, 1979). The diffusion
eguation can be used to approximate flow through fractured media if the
smallest voclume considered in a numerical model is larger than the
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representative elementary volume (REV). The REV must include a
sufficient number of pores (or discontinuities such as fractures) to
permit the meaningful atatistical average to be calculated as required
by the centinuum approach (Freeze and Cherry, 1979 p. 70; Bear, 1972).
The REV concept or approach is not as general, in application, as the
statistical approach and suffers from several limitations (Dagan, 1986).
Both approaches will be investigated for use in the simulation modeling
of Yucca Mountain., Faults will be simulated in the model by linear or
planar features of higher or lower permeability than the surrounding
geologic units, depending on the results of other tests and studies
(such as Study 8.3.1.2.3.1, Characterization of the sits saturated-zone
ground-water flow systenm).

Data synthesis will be an important component of this analysis.
Scaling difficulties are sxpscted in the synthesis process. Translation
of data from the measured scale to the regional scale could be addressed
by the application of several new stochastic techniques, such as the
definition of effective properties (Bakr and cthers, 1978; Gutjahr and
others, 1978; and Dagan, 1981). Effsctive conductivities can be derived
by these technigues given the variation in local-scale conductivity.
Other ways in which to incorporats scale effecta are described by Smith
and Preeze (1979), Rubin and Gomez-Hernandez (1530), and Desbarats
(1987), who employed heuristic upscaling rules via computar simulations
and Monte Carlo tachniques to define block conductivities.

Spatial variation of hydrologic parameters is also of concern in
this study. Geostatistical procedures may aid in the analysis of
hydraulic parameter spatial variability. However, these procedurss
require a certain amount of data, often a large number of measurements
for each point, to construct a semivariogram for the parametsr under
consideration. A common problem is that these are not snough data to
adequately dascribe the shape of the semivariogram. The only parameter
for which these are enough data is hydraulic head. All other hydrologic
parametars arse characterized by sparse data. One way in which to
address this difficulty is to incorporate gqualitative information into
the analysis. Such information might include results from geologic and
seismic work, wherse the parameter values may not be well known and which
may be inexactly located within a certain volume of material. An
axample of this kind of information might be knowledge of the gsneral
location and orientation of higheconductivity features. These fesatures
can be incorporated into the geostatistical process as qualitative
information to creats a synthetic semivariogram along with available
data.

Anothar way to assess data needs to construct a meaningful
semivariogram might be to numerically generate a hydraulic conductivity
field possessing an assumed spatial structure. A set of point
" msasurements would then be sampled from this field egqual to the number
of expected sampling locations. This method would be a way in which to
test that data density is sufficient to recreate the initial
conductivity field. A problem with this approach is that the assumed
variances and ranges, used to crsate the initial coenductivity field, may
not adegquatsly represent the degres of spatial variability that actually
exists in the fis.d. Monts Carlo analysis could aid in the testing of
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possible spatial distributions of hydrolegic parameters under study.
Lack of data, again, may prove to be the limiting factor in this
analysis.

Data synthesis may be aided by use of a three-dimensional
geoscientific information system, (GS1S). Advantages of using GSIS are:
the management and integration of data, including the incorporation of
gualitative data; the ability to rapidly develop, test, and visualize
alternate conceptualizations of the system under study; and ease of data
input tc the mathematical/numerical modeling process.

2.1.3 Paramsters and nnalytical strategies

In SCP usage (U.S. Department of Energy, 1988) activity parameters
are thoss parametars that are generated by field and laboratory testing
activities; in the Climate Program they represent the most basic
measurements that will be ussd to characterize thes climate and
tlimats/hydrologic relationships of Yucca Mountain and vicinity. Many
of the activity parameters are building blocks to support various
agpects of the project. Some support design and performance issues
directly. Others primarily provide bases for analyses and evaluations
to be conducted within the Climate Program or within other
characterization programs.

In SCP Table 8.3.1.5-2, activity parameters for the Climate Program
aze listed according to paramster categories. In many studies,
parameter categories serve to group similar typas of activity parameters
with corresponding design and performance parameters needed for issues
resclution. However, the two activities of this study gensrate only
characterization parameters.

In SCP usage, & characterization parameter is a paramster, cbtained
by a. characterization program, that has & logical, direct tie to a
performance or design parameter, and for which a testing basis can be
defined. Most characterization parameters will be developed from some
combination of activity parameters, &nd will be the products of data
reduction, tests and analyses, and modeling. The hydrologic modeling
activities of this study (for the surface-water and saturated-zone
regimes) can be traced from their characterization paramsters directly
te the parformance parameters listed in SCP Table 8.3.1.5-1. This
relation is shown in Table 7.2-1.

Characterization parameters will be expressed as functions of space
and (or) time and will bs presented in formats that will facilitate use
of the data in resolving design and parformance i{ssues. In future SCP
progress reports, & testing basis will be developed for each
characterization ptrhmotd:.innd will consist of soma means ¢f expressing
the goals, confidence limits, and accuracy associated with each
characterization parameter, 6o that requiremsnts ©f performance and
design parameters can be satisfied. An example of a testing basis could
be that some statistical measure of the parameter, such as the mean, be
known to a specific degree of accuracy.
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The approaches to modealing analysis selected for the present study
have been chosen to minimize uncertainty in parameter values and in the
understanding of parameter interrelations, within the constraints of
available rescurces. Whare possible, multiple approaches within an
activity are directed toward svaluating the value of a paramster by
different means. The combined effect of using multiple approaches will
be to increass the level of confidence in the parameter, because
reliance will not be placed exclusively in one approach. Within a
particular activity, some approaches may provide only partial
information, while others will provide extensive information necessary
for evaluaticn of repcsitory psrfcrmance. By combining the analytical
zesults and studying their rslations, a greater understanding and
cenfidence of modeling rssults can be achisved.

Because of the nonstandard nature of some of the analyses, the
possibility that cne or more analyses may fail in achieving the desired
cbjectives is recognized. 7The use of multiple approaches for modaling
analysis increases confidence that the failure or the partial failure of
one or mors analyses will not severely inhibit the ability of the
characterization activities in providing the rsquired information.

2.1.4 Interactions with other studies

The following studies will contribute data necessary for the
calibraticn of the prescipitation-runoff model of Activity 8.3.1.5.2.2.1:
Study 8.3.1.2.1.1 (Metsorology for regional hydrology), Study
8.3.1.2.1.2 (Regional runoff and streamflow), Study 8.3.1.2.2.1
(Unsaturated-zone infiltration), Study 8.3.1.16.1.1 (Flood potential and
debris hazards), and Study 8.3.1.5.1.1 (Present regional climate).

Study 8.3.1.5.1.8 (Puture regicnal ¢climate and environments) will
provide a range of possible future climatic conditions that will be used
as input for the precipitation-runoff modsl. The regional paleoflooding
and analog-recharge activities of Study 8.3.1.5.2.1 (Quaternary regional
hydrology), and the Fortymile Wash actirity of Study 8.3.1.2.1.3
(Regional ground-water flow system) will have two applications for the
present study. Plrst, they will provide chscks on the validity of
precipitation=-runof{ model predictions. Second, these studies may
enploy the calibrated precipitation-runoff model developed in this study
for independent analyses.

The present study will interact with several othar studies to
achieve the svaluation of future climats effects and changes in the
regional geologic framework on saturatssi-zons hydrology in Activity
8.3.,1.5.2.2.3. Study 8.3.1.5.2.1 (Qua-srnary regional hydrology)
addresses how Quaternary hydrologic conditions have differed from
present conditions because of climatic or geologic change. Study
8.3.1.5.1.8 (Future regional climate and environments) will contribute a
set of expected future climatic scenarios whose effects will be modeled
in the present study; scenario data will include estimated timing,
probability of occurrsnce, and metecrological charactaristics. Study
8.3.1.2.2.9 (Site unsaturated-zone synthesis and modeling) will gsnerate
a model descriding flow paths, fluxes, and velocities within the
unsaturated zons. In that study, the model will be run under conditions
of highsr-than-present effective precipitation, both to evaluate future

2.1-8 April 30, 1992



YMP-USGS=SP 8.3.1.5.2.2, RO

climatic changes on the unsaturated zone, and to provide estimates of
possible future vertical recharge reaching the water table through the
unsaturated zone. Study 8.3.1.2.1.4 (Regicnal saturated-zone synthesis
and modeling) will provide subregicnal and regional saturated-zone
models that will be used to evaluate future climate and geclogic
effects. Study 8.3.1.2.3. 3 (Site saturated-zone synthesis and modeling)
will generate a site saturated-zone model that may play & role in
assessing future climate effects spacific to the repository site.

. Conceptual models for possible changes in the regional geologic

framework will be contributed by Study 8.3.1.17.4.12 (Tectonic models
and synthesis). The above studies are (or will be) tzeated in detail in
th.t: respective ltudy plans.
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2.1 constraints on the study

2.2.1 Repressatativensss of repository scale and correlation to
repository conditions

The calculation methods for calibrating the precipitation-runoff
model will use meteorology and strsamflow data collected from drainages
at, and peripheral to, the Yucca Mountain site. Thus, the modeling will
be undsrtaken at full scals using data representative of the site.

The calculaticn method for the regional saturated-zone flow model
will use all of the applicable data and information collected by the YMP
site~characterization program. The geologic and hydrologic information
will be analyzed using a Gsoscientific Information System (GSIS) to
supply data sets for digital models at full-scale representation of the
regicnal, subregicnal, and possibly the repositcory block areas.

2.2.2 Accuracy and precision of methods

The data used in this study will be collected by studies listed in
Section 2.1.4 of this study plan. Discussions of the accuracy and
precisicn of these data are contained in the appropriate study plans
covering these studies. 3Sensitivity analyses will be used to svaluate
these levals of accuracy and precision with respect to confidence levels
assigned to conclusions resulting from the current study.

It is impossible to measurs every h-drologic aspect of a watershed
or ground-water flow system that affect surface- or ground-water models.
Therefore, simplification of the hydrologic system will be necessary.
This will involve assigning average conditions o large units being
modeled, rspresentatiocn of complex processes by simple algorithms, and
interpolation and extrapolation of data to broad arsas.

2.2.3 Potential impacts of activities on the site

No field activity is required by this study, and there will
therefore be no impacts on the Yucca Mountain site.

2.2.4 Tise required versus times available

Section 5.1 describes a proposed schedule for the activities
described in Section 3. Because the methods in the activity are mostly
analytical, it is expected that they will be accoumplished within the
time scheduled for them. However, the data upon which the analyses of
this study are based, notably runoff and streamflow data (Study
8.3.1.2.1.2, Regional runoff and streanflow), mateorological data (Study
8.3.1.2.1.1, Metecrology for resgiocnal hydrology), unsaturated-zons
infiltration data (Study 8.3.1.2.2.1, Unsaturated-zone infiltration),
palechydrologic data (Study 8.3.1.5.2.1, Quaternary regicnal hydrology),
recharge changes in response to climatic changes (Study 8.3.1.5.2.1),
and changes in geologic framework (Study 8.3.1.17.4.12, Tectonic models
and synthesis) require ample time for collection. The reliability of
surface-wvater change due to climate change predicticns and changes in
recharge due to climatic changes are dependent upon the quantity and
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ranges of hydrolegic and metecrologic data collected. For these
reascons, it is anticipated that final modeling will not be conducted
until several years of continuous data are collected, even though
preliminary modeling is already underway for the future saturated zone
activity.

2.2.5 Potential for interference smong activities

The selected analyses of this study will have no interference with
tests of other activities.

2.2<2 ' April 30, 1992



/uu-..

YMP-USGS-SP 8.3.1.5.2.2, RO

3 DESCRIPTION OF ACTIVITIES
The study contains two activities:

o 8.3.1.5.2.2.1 - Rnalysis of future surface-water hydrolegy due to
climate changes .

o ~8.3.1.5.2.2.3 - Evaluation of possible future changes ¢f the climate
" and regional geclogic framework on the regional
saturated-zone hydrology

The plans for these activities are described in Section 3.1 and 3.3
respectively.
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3.1 Analysis of future surface-water bhydrology due to climate chaznges
3.1.1 Objsctives

. The cbjectives of this activity are: (1) to simulate past changes in
runcff and surface-water storage (lakes) resulting from past-.climatic
~ changs, and (2) to predict the impact of future climatic conditicns on
surface-water hydrology at the Yucca Mountain site. The activity will use a
computer modeling approcach and information relating past, present, and
future climatic conditions from Investigation 8.3.1.5.1 to "characterize the
impacts of potential future climate changes on the regicnal and site
surface-water system ..." (Site Characterization Plan [SCP), Volume V, Part
B, p.» 8.3.1.5-118, 1988). O©Of particular importance tc this study is the
relationship between palecclimatic and palec-surface-water conditions, as
will be determined by Activity 8.3.1.5.1.5.1 (Palecclimate-
palecenvironmental synthesis). These data, and data from othar studies in
Invastigation 8.3.1.5.1, will ultimately be ussd to simulate past changes in
runcff and surface-water storage and to establish potential relationships
between future precipitation and runcff at the site.

3.1.2 Raticnale . .

The analysis of future surface hydrology due to climate changes activity
is designed to provide "a determination of future precipitation-runoff
relationships to be usad by the erosicn program (8.3.1.6)" (8CP, Velume V,
Part B, p. 8.3.1.5-16, 1988). As such, surface-water runcff models of past,
presant, and future hydrologic conditions in the Yucca Mountain area are
needed. Modern surface-water runcff data generated by SCP meteorologic
investigations (Study £8.3.1.2.1.1), the streamflow gaging and precipitation
programs (Study 8.3.1.2.1.2), rainfall-runcff modeling at Fortymile Wash
(Activity 8.3.1.2.1.3.3), and evapotranspiration studies (Activity
8.3.1.2.1.3.4) will be used to establish present hydreclogic conditions.
Data from investigations of Quaternary regional hydrology (Study
6.3.1.5.2.1) and regicnal palecflooding (Activity 8.3.1.5.2.1.1) will, on
the other hand, be used to simulate past hydrologic conditions. The
information generated by past and present modeling activities will then be
combined with data from the future climatic change program (Investigation
8§.3.1.5.1) toc determine the effects of climatic change on surface-runcff
conditions at Yucca Mountain.

Because ths nature and timing of future climatic change can not be
precisely known, it will be necessary to develecp a ssries of models to show
the range of likely combinations of precipitation-runoff conditions that may
occur due to future changes in climate; the latter to be established by
Activity 8.3.1.5.1.5.1 (Palecclimate~palscenvironmental synthasis). The
rationale adopted in this study therefore embraces a hydrologic modeling
approach that can assess thes surface hydroleogic effects of all plausible
future changes in precipitation, temperature, and (or) solar radiation. As
set forth by the performance paramsters of the c.imate program (Section
8.3.1.5), a number of hydrologic scenariocs must be developed to assess the
effects of all possible climatic events that may occur during the naxt
10,000 and 100,000 years.
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3.1.3 Overview of study area

The hydroleogic systam at Yucca Mountain involves precipitation inputs
from rain and snow, and evapotranspiration, infiltratiocn, and surface-water
runoff outputs. On average, precipitation in the area amcunts to 92.2 to
153.0 ma/yr. Howsver, only pericdic stream flow occurs because moisture
cutput due to evapotranspiration alone can be as high as 1,500 to 1,700
am/yr (U.S. DOE, 1988, Table 5-4 and p. 3-8). The result of this moisture
budget deficit is that streamflow cccurs only in response to precipitation
from strong summer thunderstorms or infrsquent and prolonged wintar storms.
Under these conditions surface-water runcff in the form of over.and
sheetfloods and channelized streamflows is generated and flooding can oeccur.

Water that does reach one of the entrenched river channels (arroyocs) in
the area can flow for some distance downstreanm before being lost into the
porocus alluvial channel bed. Scme streamflow svents can be particularly
extensive, especially when the rate of moisture input greatly exceeds output
dus to infiltration or evapotranspiration. Por example, a flash flood will
occur in response to a torrsntial downpour when the infiltration capacity of
the uncensolidated materials of the channel bed and surrounding slopes is
greatly excesded. Similarly, flooding can also occur during less intenss,
but longer duration storms that freguently cccur during the winter months.
In this case the infiltration capacity of the landscaps is more slowly
sxcesded before runoff occurs.

Climatic and landscape conditions are particularly important to surface-
watar runoff modeling efforts in an arid environment. Coaplex relationships
exist betwsen climatic and landscape factors. A number of parameters may
become particularly significant becauss of variations in these factors. PFor
modeling purposes, the following will therefore need to be considered: (1)
the frequency and maganitude of the precipitation event that gensrates
surface runoff, (2) the infiltraticn rate and capacity of the channel bed
and surrounding siopes, (3) the amount of surface water lost to the
unsaturated zone due to infiltration, s:-2 (4) the amount of surface water
lost to the atmosphare as a result of ¢ :potranspiration; the lattoz related
both to climatic conditions and vegetation cover type.

In a perennial stream envircnment these parameters can be easily and
accurately measured. For example, precipitation and stresamflow gaging
networks of perennial strsams, many of which have been in place for some
time, can be used to derive data needsd to calibrate surface-water runoff
models. For the arid, ephemeral system of Yucca Mountain, howsver,
streamflow that occurs only during flood events can be much more difficult
to measurs. In addition, ths present streamflow gaging network (Activity
8.3.1.2.1.2.1) has been in place for too short a time to adequately
establish long-range hydrologic modeling parameters.

An additicnal problem is that the response of an arid watershed, or more
gensrally its hydrologic environment, to changes in climate can be
inordinately complex and indirsct. Yair and Berkowicz (1989) found, for
example, that in scme circumstances aridi:zv may be entirely out of phase
with precipitation. They found that in areas of rocky soils (desert
pavement) that soil moisture was considerably greater than in areas having
greater amounts of precipitation but less surface (rock) cover.
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3.1.4 General lpétohch and sethods

~ As a preliminary modeling effort for future surface-water runoff
conditions at Yucca Mountain, &n evaluation of potentially applicable models
will be undertaken. During this phase of the investigation a number of
computer models and modeling schemes will be evaluated in terms of their
suitability for eimulating precipitation-runoff relations in the arid
region. As a result, prospective models will be chosen for testing using
recorded hydrologic and atmospheric data from either Yucca Mountain or a
comparable arid-lands scosystem. The tests will involve production of a
saries of simulations that can be compared with known historic and
prehistoric flocod data. The model that performs best under this array of
tests will then be chosen and calibrated (or modified) for use by this site-
characterization activity at Yucca Mountain. '

Figure 3.1-1 gives a summary of the cbjectives, characterization
parameters, and gteps regquired by this modeling investigation. A
descriptive heading for each step of the activity appears in the shadowad
boxes (second row). Below these are the individual mathods that will be
used. An outline of the overall structure of the activity, including the
methods, estimates, and results, is also given.

Tne USGS investigators will select modeling approaches for this and
related activities that they believe are suitadle for providing accurate and
reliable date within the expected ranges of the paramsters. Alternative
approaches may be used if the selected procedures presanted here prove
ineffective in terms of measuring the site characterization parameters of
interest.

3.1.5 Potentially applicable models

At present a number of precipitation-zuncff models are available and
potentially applicable for use by this activity. Those models that are
supported by the USGCS Office of Surface Water and have adeguate
documsntation ares: (1) PRMS (Precipitation~Runoff Modeling System)
(Leavesley and others, 1983), (2) HSPF (Hydrological Simulation Program)
{(Donigian and others, 1984; Johanson and others, 1984), and (3) DR3M
(Distributed Routing Rainfall-Runoff Model) (Alley and Smith, 1982). All
are distributed-parameter models which allow a watershed to be divided into
"homogensous® landscape units on the basis of such features as slope,
aspsct, elevation, vegetation typs, 80il type, and the distribution of
precipitation. Thus, each watershed unit is homogeneous with respsct to a
set of dominant attributes. A watershed can additionally be further
subdivided into flow planes and channel segments for routing storm flows.
“In this case, the {low planas are conceptual surfaces having a width egual
to the length of the channsl into which they flow, and & length equal to
average hillslops length. Surface runoff can therefore be routed across the
flow planes using & finite-difference approximation of the continuity
" eguation, and the kinematic wave approximation to overland flow (Leavesley
and others, 1983, p. 28), into conceptually uniform channel segments having
a specific width, length, roughness, and slope. Channel=flow routing uses
the same approach as that for overland-flow computations (Leavesley and
others, 1983, p. 34-36).
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The DR3X model operates only in storm mode and does not generate daily
or low flow conditions. The HSPF and PRMS modéls are similar in many ways,
although, the HSPF model has the advantage of being able to route sediment
“and dissclved constituents, and additicnally uses channel-routing routines
auring low-flow pericds. The PRMS model, on the other hand, uses channel
routing only during storm pericds. A problem with the HSPF model, as it is
currently maintained by the USGS and the Envircnmental Protection Agency
{(EPA), is that it is difficult to mcdify. '

A group of models, represented by TOPMODEL (Beven and others, 1984),
uses the concept of variable contributing area, an approach also supported
by the PRMS model when it is operated in daily mode. In this approach,
streamflow is generated by excess scil moisture from a time-variable area of
saturated scil in addition to rainfall in excess of infiltration capacity.
The USGCS, however, does not currently (January, 1992) support TOPMODEL.

Ancther class ¢f watershed models uses flow planes of variable width to
represent hillslcpes. The best known of these models is IHDM (Institute of
Hydrology Distributed Model) (Beven and cthers, 1%87). Like TOPMODEL, IHDM
-also makes use of variable contributing area, but it has the added advantage
of modeling converging surface and subsurface flow. 1In this approach,
subsurface flow (i.e., flow through the soll layers) is modeled in a two-
dimensional, vertical grid having variable width.

Grid models, such as SHE (Systeme Hydrologique Europesn) (Beven and
others, 1980; Abbott and others, 1986a; 1986b), have the advantage of
treating hillslope processes in finer detail than do flow-plane-oriented
models. However, detailed information for soils, topography, and
precipitation is commonly not available to warrant watershed modeling at
such a large scale (e.g., 0.5~ to 2.0-km grid spacing). While some areas in
the vicinity of Yucca Mountain are planned for precipitation-data collection
at a grid spacing of about 2 km, most of the Fortymile Wash drainage basin
will be monitored by precipitation ¢gages spaced at about 30 km.

3.1.5.1 Example of Precipitaticn-Runoff MNodeling Systes (PRNS)

The PRMS model is a potential candidate for future surface-water runoff
modeling activities because it has many desirable features and is now used
and supported by the USGS. It is a modular-designed, deterministic,
physical-process modeling system that was developed to evaluate the impacts
of variocus combinations of precipitation, climate, and landuse on surface-
water runoff, sediment yields, and gensral basin hydrology (Leavesley and
octhers, 1983). PRMS is considered a distributed-paramster model in that it
uses homogenscus response units to route overland streamflow through the
watershed. Each component ¢f the hydrologic cycle including precipitation,
evapotranspiration, infiltration, and runoff is represented by one of
several possible library subroutines (modules) that wers designed to be as
indepandent as possible from ons ancther. The model’s modular design
provides twe advantages. The first is that each module can bs easily
modified for a particular set of conditions. The second is that
supplementary, Area-spscific modules can be addsd. The modular design of
the PRMS model therefors enable adjustment for a specific set of conditions
that might exist in the watershed.
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3.1.5.1.1 PRMS °P.:.t$°n

The PRMS model represents hydrologic processes deterministically.
Bach component of the hydrolegic cycle is expressed in the form of known
physical laws or empirical relationships that have scme physical
interpretation based on measurable watershed attributes. Howsver, input
data required for explicit modeling of hydrologic processes are commonly
not available, or require complex computations. For this reason, theras
are several options for representing & process depending on the
availability of input data and the importance of the process relative to
the desired results. Por example, if one wers intsrested in a detailed
accounting of soil moisturs and had only daily teamperaturs, humidity,
and solar radiation input data, the Jensen and Haise (1963) procsdure
could be used to compute svapotranspiration. On the other hand, if one
were concerned conly with total-menthly sunoff, pan evaporation data from
a statiocn in the region could be used (Lsaveslsy and cthers, 1983, p.
21).

In cperation the PRMS model involves relatively simple water-budget
accounting of a complex hydrologic system. The watershed is partitioned
(subdivided) into a number of homogenscus landscape units, known as
hydrologic response units (HRUs). Surface water is then routed through
the watershed by the model on the basis of HRU parameters. For each
HRU, for sxample, precipitation input is intsrpolated based on the
slevaticn of the HRU relative to the slevations of the nsarest
precipitation gages. The type of the precipitation input (zain or snow)
is also simply determined from daily minimum and maximum air temperature
and the month of the year. Othsr more complax computations ars
regquired, however, for solar radiation and precipitation interception.
Por sxample, solar radiation is adjusted using the mean slope and aspect
of each HRU, while precipitation interception is adjusted by vegetation
type and season. Some of the ways in which the PRMS mcdal handles the
required input parameters and computations are prasented beslow.

3.1.5.1.2 1Input paramsters and cosputations
3.1.5.1.2.1 80oil moisture

Soil-moisture accounting is performed as the algebraic summation
of all moisture accretions (rainfall and snowfall) to, and
deplstions (evapotranspiration, infiltration, and subsurface and
ground-water reservoirs recharge) from, the active soil zone.
Although the soil moisture algoritha may be a simplification of
unsaturated-zons processes, it has dbeen found to adegquately predict
surface-water respcense (Lsaveslsy and others, 1983).

3.1.5.1.2.2 Bvapotranspiration

Site=-specific values of evapotranspiration may be available from
Activity 8.3.1.5.2.1.4 (Analog recharge studies) or Activity
8.3.1.2.2.1.2 (Natural infiltration) for use by this surface-water
runoff modeling iavestigation. In the event that these data are not
available, cor that they prove insufficient to cover the region of
study, estimates of potential svapotranspiration can be made using
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one of two methods. The first estimates potential
evapotranspiration based on monthly adjustments of daily pan-
evaporation lcss, daily mean air temperature, and possible hours of
sunshine (Hammon, 1961). The second uses only daily mean air
tenperature and monthly solar radiation measuresments (Jensen and
Haise, 1963). -

3.1.5.1.2.3 1Iafiltration

Infiltration computations vary depending on the time interval
and the form of the precipitation ianput. Por daily computations,
infiltration is computed as the excess from surface runoff. For
storm computations, infiltration is computed using the Gresn-Ampt
sgquation (Green and Ampt, 1911). 1Ia this computation infiltration
is determined according to the hydraulic conductivity of the soil,
the effective value of the product of capillary drive and moisture
deficit, and the antecedent infiltration of the area.

3-‘050102-.‘ Surface zunoff

Surface runoff computations can be made using daily or storm
data. In the daily computation, snowmelt contributes to surface
runoff only after the s0il zone has reached its maximum water-
holding capacity. Rainfall, on the other hand, is appertioned to
surface runoff using a variable contributing-area concept, where the
area contributing to surface runoff varies acceording to the
antecedent moisture. No routing of surface runoff occcurs in the
daily computation mode. In storm mode, howsver, precipitaticn in
excess of infiltration is routed over hillslopes as overland flow
and through channel seguments as streanflow.

3.1.5.1.2.5 Streasflow

Total surface-water discharge in an area is the sum of
streamflow contributicns from all HRUs and subsurface- and ground-
water reservoirs. When a watershed is sufficiently large that daily
streamflow is sensitive to transit times from upstrean to downstream
locations, lag times can be incorperated through the use of channel
reservoirs. 3Since only average daily streamflow is considered,
howsver, flood peaks (sterm flows) are not defined. Instead, storm-
flow routing is accomplished by considering the drainage network as
a saries of channel segments and junctions. For sach channel
segment, flow is routed using a finite~difference approximation of
the continuity equation and the kinematic wave approximation
relating discharge and cross~-secticnal area (Leavesley and others,
1983, p. 34-35).

3.1.5.1.2.6 Subsurface and grouand-water flow

Subsurface flow, defined as the relatively rapid migration of
water from a shallow or perched watsr zone to A stream channel, and
ground-water flow are treated using the continuity of mass equation
and user-defined storage routing coefficients. Thess coefficients
are gensrally estimated, and subsequently refined, through the use
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of model optimization procedures. Data obtained from the relatively
dense network of stream gages planned for Yucca Mountain (Study
8.3.1.2.1.2, Regional runcff and streamflow) can be used tc define
these parameters during the calibration phase of this modeling
activity.

3.1.6.1.2.7 6tresmbed infiltration

Streambed infiltration is a key connsction between the two
activities of the present study. Water that percolates from the
surface must pass through the unsaturated zons before recharge of
ths saturated zone can occur. Thus, since an important component of

- recharge is infiltration from streamflow losses to the porous
alluvial channel bed, conceptual models of streambed infiltration
are currently being developed by SCP Activity 8.3.1.2.1.3.3
(Fortymile Wash recharge). <These data are particularly important
to future surface-water runoff modeling activities in that
hydrolegic simulations will have to account for the volume
percentage ©of water loss to streambed infiltration, which can be a
potentially large valus. Therefore, if the PRMS modsl is sslected
for this investigation, the streambed infiltration model, or models,
‘developsd by Activity 8.3.1.2.1.3.3 will be incorporated as a
supplementary PRMS software mcdule.

3.1.5.1.3  Data nseded to calidbrate the modsl
3.1.5.1.3.1 BHydrologic rasponse units (HRUs)

HRUs for the watershed to be modeled are developed on the basis
of slope, mean elevation, latitude, dominant vegetation type (e.g.,
bare, grasses, shrubs, trees, etc.), and dominant soil type (e.g..
sand, loam, or clay). Much of the required data can be cbtained
directly from published maps including topographic, vegetation,
soils, and geclogic maps. In addition, a geographic information
systen (GIS) can be implemented to compile the regquisite information
from existing computer databases. For example, a digital elevation
model, which consists of a regular grid of elevation values, could
be used to retrieve and compute the average elevation, slope, and
aspect of each HRU. §&imilarly, computer databases of vegetation and
scil typss, or other needed information, can be searched and
retrieved to set up HRUs on the basis of a coamon collection of
"homogensous® landscape characteristics. Software for retrieving
this witershed modeling information from existing computer databases
is now under development by Jenson anéd Domingue (1988) and Leavesley
and Stannard (1990).

3.1.5.1.3.2 Overland flow planes

To route surface-water runcff over cvarland flow planes, the
roughness of the flow planes will need to be calculated. Data for
these calculations should be available from SCP Activity
8.3:1.2:2.2.3 (!vclultton'ot artificial infiltration) in YMP=-USGS §P
8.3.1.2.2.1 (Unsaturated-zone infiltration), otharwise some
assumptions will have tc be mads. The slope of overland flow
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planes, on the other hand, can be directly measured from topographic
maps, ©or from a digital elevation model uaxng & GIS approach gimilar
to that used to retrieve other HRU informatien.

3.1.5.1.3.3 Streas channels

To route surface-water runoff through stream channels, the
roughneas of the channel bed, as well as cother physical parameters
of the channels’ bed-material, will need to be established. These
data should be available from Study 8.3.1.2.1.2 (Regicnal surface-
water runcff and streamflow), otherwise scme assumptions will have
to be made. The slope, width, and shape of the stream channels, on
the other hand, can be directly measured from topographic .iaps,
measured in the field (Study 8.3.1.2.1.2), or derived from a digital
elevation model using a GIS appreach similar to that used to
retrieve cther HRU information.

3.1.5.2.3.4 Climatic data

Three climatic parameters related tc past and present surface-
water runoff conditions at Yucca Mountain will be needed during the
calibration phase of this investigation. They are: (1)
precipitation, (2) temperature, and (3) solar radiation. These data
will be used to test the simulation potential of the model and
establish calibration standards and modeling coefficients. 1In
addition, these data may be useful for modifying existing software
modules, or adding new, site-specific modules to the modeling
program. )

Of the three data sets, precipitation is of greatest importance
because it is most directly related to surface-water runcff. Daily
minimum and maximum air temperature values, variations in
temperature with elevaticn, and observed solar radiation are alsc
nesded, however, to compute temperature-dspendent lapse rates for
snowmalt, to derive evapotranspiration values, and to make climatic
adjustments for the HRUs of the watershed.

‘P:osent, site-specific climatic information will be collected by

 Study 8.3.1.2.1.1 (Characterization of the metecrclogy for regional

hydrology) "to provide imput into the rainfall-runoff model
development effort," (SCP, Volume IV, Part B, p. 8.3.1.2-97, 1988).
Precipitation data, for example, will be collected in increments of
1 om on an event basis using tipping-bucket and accumulated-by-
storage gages. Ths modeling effort will use these data in a reduced
format as total precipitaticn per unit time (e.g., §, 10, or 1§
minutes) depending on the application and the character of the
storm, and as total daily precipitation. Ultimately, precipitation
valuss will be interpolated for each HRU by adjusting the measured
precipitation values at nearby gages by a correction factor that
accounts for the influences of elevation, spatial variaticn in
topography, and gage-catch efficiency. Correction coefficients
needed by the model can then be established for daily- and storm-
precipitation amounts. Similar interpclation and adjustment
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procedures will also be used to estadblish temperature and solar
radiation paramsters for sach HRU in the watershed.

Past climatic data will be collected or estimated by Activity
8.3.1.5.1.5.1 (Paleoclimats=-palecenvironmental synthesis). The
logic here is that known (or estimated) climatic parameters - that
is, those that gsneratsd past surface-water zunoff events - can be
used as inputs to the model. Subsegquent hydrologic simulations can
then be zun and the results compared with known surface-water runoff
events of the past. The diversity of climatic change that occurred
during the late Quataernary should bas adeqguate to account for the
full range of climatic variations that may occur in the futurs.

Together, these past and present climatic data will afford
essential modeling parameters for this activity. A model’s
performance can then bs evaluated, calibrations can be mads, and new
or modified modeling algorithms (modules) can bs developed to
improve the mcdel‘s effectiveness for simulating future surface-
water runoff events undar changing climatic conditions at Yucca
Mountain.

3.1.6 Data needed to assess the sffects of climatic change

To predict the hydrologic effects of futurs climatic change, data from
sevaral SCP climatic, palecclimatic, and hydrologic activities will be used.
Data appropriate for future surface-~water modeling efforts at Yucca Mountain
will be gathered, analyzed, and subsequently used to simulate future
surface-water runoff relaticnships. These data should be availadble from:
(1) global and regional climate modeling activities of SCP Study 8.3.1.5.1.6
(Characterizaticon of the futurs rsgional climate and snvironments), (2)
sstimates of the conditions respensible for palececological assemblages from
SCP Study 8.3.1.5.1.J3 (Climatic implications of terrestrial palececology),
(3) actual conditions at analog-recharge sites froa SCP Activity
8.3.1.5.2.1.4 (Analog-recharge studies), (4) paleschydrologic investigations
of the region from SCP Study 8.3.1.5.2.1 (Quaternary regional hydrology),
and (5) experimental modeling attempts to simulate estimated palechydrologic
conditions using paleo-streamflow and paleocflood data from SCP Activity
8.3.1.5.2.1.1 (Regional palsoflood evaluation). 1In the svent that these
data prove inadequats for modeling purposes, data ssts from other sources
may also nesd to be used. One example is the mors than 20 years of
precipitation data for the Basin and Range Province that has been collected
by rsssarchers at the University of Nevada, Reno (Mackay School of Mines),
and the Desert Resesarch Institute.

Ideally, a data set of known metaorclogical and hydrolegic conditions
should be used to run, test, and calibrate the model prior to actual futurs
runoff simulations. Simulated precipitation variances should consider
changes in the seasonality, intensity, and type of precipitation (rain or
snow), as well as the magnitude and frequency of catastrophic storms and the
consequences of sustained drought. The mocdel should also address daily and
ssascnal temperature variations, mean annual temperature change, and the
effects of changes in solar radiation. Palechydrologic modeling should
similarly be conducted using known or estimated data which foremcst
represent past meteorologic and hydrologic conditions at Yucca Mountain.
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A As a& consequence of these activities, the overall effact of future
climatic change on surface-water runoff conditions in the Yucca Mountain
area can be established. Although topographic and (or) geologic change is
difficult to account for, additional hydrologic scenarios may be needed to
model such change. Possible future topographic and tectonic scenarios may

‘ be contributed from Activity 6.3.1.5.2.2.3 (Future saturated-zone

hydrology), Study 8.3.1.17.4.9 (Tectonic gecmorphology of the Yucca Mountain
region), and Study 8.3.1.17.4.12 (Tectonic models and synthesis).

Similarly, future climatic variations that may induce floral assemblage
changes in the watershed would alsc need to be accounted for by the model,
since such changes may ultimately affect the area‘s water budgat due to
differences in the evapotranspiration rates of ths plant species involved.

3.1.7 Possible prodbleas
3.1.7.1 uodciing surface-water runcff in an arid area

Although PRMS and cother runcff models supported by the USGS (e.g., HSPF
and DR3IM) are potential candidates for modeling the effects of future
climatic change on surface~water runcff conditions at Yucca Mountain, these
models have not been thoroughly tested for accuracy, efficiency, or
effectiveness in an arid hydrologic snviroamsnt. Three potential problems
are: (1) the models were developed principally for psrennial stream systems
where daily runoff occurs and is measurable, conditions that do not exist at
Yucca Mountain; (2) the models consider snowpack a vital precipitation input
parameter, while in the Yucca Mountain area streamflow occurs primarily due
to infrequent, high magnitude rain storms; and (3) the models esither do not
account for or only partially account for stream losses dus to channel bed
infiltration, a condition that can adversely alter streamflow in the arid
hydrologic systenm. ,

In the arid Yucca Mountain area, channel bed infiltration can
substantially reduce streamflow during storm-gsnerated runcff events.
Moasuremsnts or estimates of infiltration along various seguents of the
channel in question will therefore have tc be considered by the model to
account for the loss. Ancother problem is that flash floods, which can cause
an ephesmeral stream such as Fortymile Wash to go from a totally desiccated
state to one of bank-full flooding, are not directly accounted for by the
models. It may be possible, however, to overcoms this problem by operating
the model in storm mode, & feature that is provided by PRMS,.

The model used in this activity, whether PRMS or some other more
appropriate model, will undoubtedly need tc be mocdified to effectively
simulate runoff due to future climatic change in the arid region of Yucca
Mountain. Modification of the module (or modules) that account for storm-
generated runcff, for example, could be made to account for infiltration
losses using recorded infiltration data from the Fortymile Wash recharge

study (Activity 8.3.1.2.1.3.3). Estimates can then be made of the

infiltration capacity of all other ephemeral stream channels in the
watershed on the basis of thess parameters. Similarly, snow-pack
measursnents, which will ba collected as part of eite-characterization
Studies 8.3.1.2.1.1 and £.3.1.2.1.2, can be usad as supplemental input
pAramaters to more accurately model runoff conditions. In addition, the
model can be modified and/or calibrated to consider thass, or other site-
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specific conditicns, that may improve simulations of future runoff
conditions of the Yucca Mountain area watsrshad.

3.1.7.2 Effects of geomorphic change

Variations in the surface-water hydrolegy of the region due to future
climatic change can alter thes morphology of stream channsls. These
altsrations can, in turn, produce further changes in the surface-water
hydrology ©f the watershed. As a result, a feedback mechanism of hydrologic
imbalance can occur.

Gecmorphic events, or more importantly, man-made changes, can have far-
reaching and oftentimes detrimental consequences on the hydrologic regime of
a watershed. An increase in the delivery rate of sediment from headwater
hillslopes or point sources such as a landslide, for example, can sngulf
major stream channels and divert normal flow (Bryan, 1928). Similarly, a
dabris flow can alter the roughness, width, and sinuosity of a strean
channel (Janda and Meyer, 1986; Meyer and Martinson, 1989), whils a change
in the fraguency of high-magnitude streamflows can cause unusually intenses
srcsion (Hereford, 1984). 1In Las Vegas Valley, for instance, the results of
a man-induced incrsase in strsam discharge wers found to have had profound
consequencas. The prolonged perennial discharge of municipal waste watsr
into Las Vegas Wash, a previocusly ephemsral strsam, caused unusually rapid
incision and snlargement of the wash. The results of these man-made changes
to the watershed were: (1) the stream entrsnched itself deep enocugh to
intersect and contaminate the local ground-water table, (2) erosicn produced
a deep, narrow channel having very diffsrent hydraulic characteristics and
far-reaching consequences for its tributary streams, and (3) stream erosion
along the wash has removed about 3,000,000 o of alluvium (Glancy and
Whitney, 1989). Thus, while man-made hydrologic changes such as these to
the Yucca Mountain watershed would need to be accounted for when developing
hydrologic scenarics of the future, such changes would be difficult to
anticipate without some pricr knowledge of the change. .

3.1.7.3 Effects of catastrophic events

Several non-climatic, catastrophic svents can have significant short- or
long-tarm effect on the surface-water hydrology of the region. These
include volcanic tephra depoasition, fire, and overgrazing. The effects of
these svents, however, can be assessed by varying the infiltration and
roughness characteristics of hillslopes and channels to appropriate values
for the model.

3.1.83 Ssynthesis of products and considerations related to future surface-
water modeling

The lurtaco-wator model smployed for this activity will, for each run,
yield predicted hydrographs of recharge to ground watsr froam hillllopo-,
surface-water discharge, and stream discharge. Surface-water discharge can
be computed from each flow plane in storm mode, and from each HRU for daily
mode. Stream discharge, on the other hand, can be established from each
channel in storm mode, and from the entire drainage basin in daily mode.
These individual predictions, however, would p:ovtdo only a partial
description of surface-water conditions. Thus, a coamplete numerical

-
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description of possible future surface-water conditions will need to be
developed to show the seasonality and freguency of flow events, as well as
the shape and magnitude of the hydrograph. These statistical values will be
dependent on (1) the seasconality and fregquency .0f the associated input
conditions, that is the fregquency of precipitation events and temperature

- conditions, and (2) adjustments that occur during the transformation from
precipitation to runoff and streamflow. ”

A synthesis of future surface-water hydroclogy would consist of
predicticns of the freguency, ssascnality, and magnitude ©f runoff and
streanflow for each of a range of seslected Climatic (precipitation,
temperaturs, and sclar radiation) input conditions. For selected climatic
parameters, the response of the hydrolcogic system to predicted catastrophic
events would alsc be analyzed, as would the geomorphic responss of the
system to changes in climate and catastrophic events.

3.1.9 Quiltty-nusu:ancn requirensnts

Quality assurance regquirements that apply to this activity include the
following: (1) documentation and control of the guality of scftware used for
modeling, subject to the regquirements set forth in YMP-USGS QMP~3.03
(Software quality assurance), and (2) technical review, as sst forth in YMP-
USGS-QMP-3.04 (Technical review, approval, and distribution of YMP-USGS
publications). Technical procedures are in place for data that are
collected under other studies for which quality assurance reQuirements have
been set. There are nc specific technical procedures that apply to this
activity.
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3.2 Analysis of future unsaturated-zone bydreology due to climate changes

The modeling of the future unsaturated-zene hydrology due to climate
changes is described in Section 3.5 (Site unsaturated-zone integration and
eynthesis) of YMP~USGS SP 8.3.1.2.2.9% (Site unsaturated-zone modeling and
synthesis). Activity 8.3.1.5.2.2.2 has been omitted from the present study
plan for this reason. -
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3.3 Evaluation of possible future changes of the climate and regional
geologic framework on the regional saturated-:zone hydreology

3.3.1 Obj.ctiv.‘
The objectives of this activity are to:

1) Reconstruct palechydroclogic conditicns in the Yucca Mountain and
surrounding area and use these conditions, together with the
palecclimatic conditions reconstructed under Investigation
8.3.1.5.1, as & basis to predict the impact of future climatic
and tectonic conditions on the saturated-gone hydrelegic system.

2) Synthesize the existing palechydrologic data through the use of
numerical simulation technigues to determine the effects that
. lesser or greater recharge would have on water levels, ground-
water flow paths, and hydraulic gradients in ths Yucca Mountain
region. ‘

3) Evaluate possible regional tectonic and thermal events that may
produce prolonged Or transient effects on the regicnal water
level.

' 3.3.2 Raticnale for activity selection

Mesting the activity objective will require the investigators to
complete the following steps: 1) assemdling and svaluating present-day
and palechydrologic data using Geoscientific Information Systems (GSIS)
and gechydrologic models, and 2) quantifying the response of the Yucca
Mountain region satursted zone to expected future-climate scenariocs
coupled with possible changes in the geclogic framework. The success of
the first step will depend upon the experience and scientific judgement
of the investigators in analyzing data from many sources within the
site-characterization program. The second will depend upon the above
factors coupled with the application of numerical hydrologic modsling
techniques. These steps comprise the culmination of the Climate Program
insofar as it is directed toward saturated-zone hydrology, and for this
reason the above work has been designated as a separate activity.

3.3.3 Gonotai approach and sumsary of analyses

The approach emphasited in this activity is a synthesis that will
draw upon data and interpretations of data from several other site-
characterization studies (see fection 2.1.4) in order toc evaluate
probable responses ©of the Yucca Mountain saturated-tone hydrologic
system to: 1) changes in recharge and discharge that may result from
possible future climatic scenarics; and 2) changes in the regiocnal
geclogic framework that could result from-possible changes in the
regicnal tectonic and thermal regimes that may result in prolonged
effects on water levels.

The mcchaniim that will be central to ﬁho'oynthtlil‘vill be either

the subregiconal saturated-zons model or the regicnal three-dimensional
saturated-zone mcdel tc bes developsd under the scops of Study
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8.3.1.2.1.4 (Regiocnal hydrologic systea synthesis and modeling). The
conceptualization and development of this model, and its calibration to
the present-day hydrologic system, will be a cocperative effort among
gechydrologists of both the Paleohydrology Group and the Saturated-Zone
Section of the USGS Hydrologic Investigations Program (HIP). The
investigators will employ a Geoscientific Information Systen (GSIS) for
data management in the present activity for the process of paleoclimate/
. palechydrology synthesis and for the use of the model in assessing the
hydrologic effects of possible changes in future climate and in the
regiocnal tectonic and thermal regimes.

Although the primary approach to evaluating the future hydrology of
the Yucca Mountain saturated zone will be three-dimensicnal mcdeling on
A regional scale, the investigatcers will leave open the use of
supplemental modeling approaches for future conditions. These
supplemental approaches might ianclude a scaled-down subregional three-
dimensional approach, and subrsgional two-dimensicnal cross-sectional
and(or) areal approaches. '

Numerical modsls develcped under 3tudy 8.3.1.2.1.4 (Regional
hydrologic system synthesis and model.ng) have the potential to be
applied to examine the responss of the saturated-zone ground-water flow
systenm of Yucca Mountain and vicinity to potsntial changes in boundary
conditions resulting from climatic or geologie change. Several
different models of the saturated zone will be developed (or modified
from existing models) under Study 8.3.1.2.1.4: (1) an arsal subregional
two-dimansional finite-salement model with the capability of being
converted directly into a fully three-dimensicnal model; (2) one or more
cross~sactional finite-slemant or finite-differsnce models; and (3) a
regicnal three-dimensiocnal finite-difference, finite-slement, or
boundary-elemant model. The site saturated-zone model of Study
8.3.1.2.3.3 (Synthesis and modeling of the sits saturated-zone
hydrologic system) may be employsd, using input from the regicnal
saturated-zone model, to evaluate possible futurs climate effects on the
saturated zone specific to the repository site.

Specific issues to be addressed by the modeling effort will include:
1) the importance of recharge along Fortymile Wash; and

2) changes in the gradients betwasn areas of contrasting
permeability.

The future saturated-zone activity will have as one of its tasks the
completion of the palecclimate/palechydrology synthesis. The synthesis
will address the reconstruction of the response o0f the saturated-zons
hydrologic regime to the time series of Quaternary climatic changes (as
provided by Investigation 8.3.1.5.1, Nature and rates of changes in
elimatic conditions to predict future climates). Assessing the
relationships between Quaternary palecclimate and Quaternary
palechydrology, the paleoclimate/palechydrology synthesis, is not an
independant study or activity, but rather occurs within each of the
palechydrology activitiss of Investigation 8.3.1.5.2 (Potential effects
of future climatic conditicns on hydrologic characteristics). Examples
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of such relationshipe would be the magnitudes of palecflooding events,
unsaturated-zone storage and flux, and position of the water table
associated with a Quaternary pluvial episode. Paleohydrology/
paleoclimate relations will be evaluated in the present study. One cf
the cbjectives of the hydroclogic modeling of the saturated zone will be
to assess the gensitivity of the flow regime to possible. variations in
the climatic parameters. Model ocutput will include guantitative
estimates of the changes in water levels, gradient, flux distribution,
and velocity field of the Yucca Mountair saturated zone that could
result from possible future climate scenarios.

The regicnal three-dimensional saturated-zone model will have
undergone a calibraticn process as part of Study 8.3.1.2.1.4. Before
the model is employed to evaluate the possible future hydrology of the
regional saturated zone, it will also undergo a validation process
againgt evidence resulting from the synthesis of Quaternary
palecclimatic and palechydrologic data collected in Investigation
€.3.1.5.1 (Nature and rates of changes in climatic conditions) and Study
8.3.1.5.2.1 (Quaternary regicnal hydrology). An expected principal
.result of the palecclimate/palechydrclogy synthesis will be correlations
between paleoclimate parameters, such as annual precipitation and air
temperature, and the regiocnal water level, determined by locations of
past-~discharge pcints, at particular intervals ©f Quaternary time. For
time intervals ard locations where sufficient confidence can be placed
in thess correlations, the model can bes tested to ses how wall the past
water levels can be reproduced. Disagreements will ba evaluated with
consideration of possible effects ¢f gsologic variables, such as
tectonic events. Data on Quaternary water levals will bes generated in
Activity 8.3.1.5.2.1.3 (Past-discharge studies). Values of recharge to
be used in the input process may be derived or estimated using several
methods including, but not limited to, the following: 1) analog-recharge
studies (in Study 8.3.1.5.2.1), 2) Fortymile Wash recharge studies (in
Study 8.3.1.2.1.3), 3) modeling of Quaternary and futurs surface-water
hydrology (Section 3.1 of the present study plan), and {) the
unsaturated-zone models developed under Study 8.3.1.2.2.8 (Fluid flow in
unsaturated, fractured rock) and applied in Study 8.3.1.2.2.9 (Site
unsaturated-zone modeling and synthesis). The model will then bes run
forward in time to see how well the present-day water level can be
reproduced. The model will be used to evaluate the effects on ths
saturated-zone hydrologic regime of selected possible future climate
scenarios generated in Study 8.3.1.5.1.6 (Future regional climate and
environments). The model input for probable changes in the future
regional geclogic framework will be derived from interpretations of
probable future tectonic settings to be undertaken in Study
8.3.1.17.4.12 (Tectonic models and synthesis).

Exparience with the regicnal modaling process indicates that a
likely sequence of model applicaticn will be to first apply the modsl
and then look for validating evidence; a preliminary effort along this
- line is described in Czarnecki (1985; 1990) and alsc in Downey (1984;

1986). Possible next steps would be to incorporate refinements to the
model, based on new data, or to the recharge mechanisms; and to test
boundary and(or) initial conditions to evaluate alternate hypotheses.
An example might be to cut off recharge from the throughflow thought to
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originate acrcss Timber Mountain, and to eliminate throughflow across
the Puneral Mountains toward Death Valley. 1If a calibrated modael could
be constructed under thess conditions, similar analyses may be repeated
to loock at water-level rise and resultant discharge throughout the flow
system during possible wetter climatic conditions in the future. Again,
‘a much more variable than expected set of fluxes would be specified,
which would provide de facto sensitivity nhalylos.

Additionally, results of studiss to svaluate the position and timing
of past watsr-table slevations beneath Yucca Mountain (Study
8.3,1.3.2.2, History of mineralcgic and geochemical alteration of Yucca
Mountain; Los Alamos National Laboratery), as well as in downgradient
areas, particularly within the Amargosa Desart (past discharge activity
in Study 8.3.1.5.2.1), will provide additional data for calibration and
validation of a regicnal model.

Pigure J.3-1 summarizes the organization of the future saturated-
zone activity. 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 smployed during the analysis. FPFigure
3.3-1 also summarizes the objeciive of the activity and the
characterization parameter addressed by the activity. These appear in
the boxes of the top left side and top right side, respectively. The
figure summarizes the overall structure of the planned acti-.ty in terms
of methods to be employed, and the descriptions of the followang
secticns are organized on the basis of this chart. Msthodology and
parameter information are tabulated as a means of summarizing the
relations among (1) the characterisation parameter to be svaluated, (2)
the information needs of periormance and design issues, (3) the
technical cojectives of the activity, and (4) the methods to be used.

3.3.3.1 Applying a regional three~dimensional saturated-zons model
to assess possible future climate effects on the saturated
sone

3.3.3.1.1 Previcus work in modeling the regional saturated-
sons hydrology

Detailed discussions of the regional ground-water flow
system may be found in YMP-USGS SP 8.3.1.2.1.3 (Characterization
of the regicnal ground-water flow system) and in papers by
Wincgrad and Thordarson (1975), Waddell (1582), Rice (1984),
and Downey and 8Sinton (written comd., 1992). Papers that are
mozre specific to modeling of ground-water flow of Yucca Mountain
and vicinity include Czarnecki and Waddell (1984), Czarnecki
(1985), Downey and others (19%0), and Xolm and Downey (written
comm. (1992). .

Bxtensive marsh deposits occur in the central Amargosa
Desert, west of the Ash Meadows discharge area (Hoover, 1389).
These sedimants are generally coincident with locations of
discharge under simulated wetter conditions, providing possible
evidence that could be used in model validation against
palechydrologic conditions.
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3.3.3.1.2 Role of three-dimensional geoscientific informatioca
systezs (GSISs) in applying ths model

True three-dimensional GSIS can greatly assist hydrologic
modeling in four ways: (1) Dy assisting data managemsnt and QA
documentation, (2) through integration of diverse data sources
and types, . (3) in visualization of alternative conceptual mocdels
for rapid testing, and (4) in integration of numerical models
with evolving data and mcdel development (Turner, 1989; Turner
and others, in press, 1992). Thus, the use of GSIS can support
the simulation of effects of pessible future climatic and
geologic framework changes more efficaciocusly than other more
traditional means of cocmputsr interaction and ocutput.

G313 differs from the better known GIS in that GI3S reduces
three-dimensional problems to two-dimensional representations
through the use of surfaces. These surfaces, such as bedding
Planes, can then be contoured or displayed isometrically.
However, in this rspresentation, elevation of a surface is not
an independent variable, and as such the gquasi three-dimensicnal
system can only accept a single elevation for a surface at a
given point in x-y space. Accordingly, geoleogic structurss such
as folds or reverse faults that cause repetiticn of a single
geologic horizen or hydrologic unit at a given leocation cannot
be repressnted.

In contrast, the true thres-dimansional systems can accept
repsated occurrences of the same surface at any given location,
arnd more importantly, they can accept variability within a given
hyarologic unit as a function of both depth and lateral
position. For models in which actual flow paths and consegqusnt
travel times may be critically dependent on such
intraformational variability, the power of GSIS may be
indispensable.

Hydrologic models that are currently in use ars capable of
calculating the flow regime of a given threae-dimensicnal
geologic setting, provided that a suitably accurate distribution
of hydrologic properties is available. However, the geologic
characterization of the modsl volume in three dimeansions or thes
transient interaction with changing boundary conditions can be
difficult to visualize and check. The pressnt gsneration of
hydrologic models has sxcesded the ability of model users to
supply the necessary input data by traditional methods. The use
of GSIS systems with data and communication linkages detween the
system and ground-water models may help solve spatial
visualization and data-management problems, by enhancing the
ef? _ciency of rock-characteristics data entry to the models and
by making it sasier to insure that the model is using the
distribution of reock characteristics intended by the
investigator.
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3.3.3.1.3 General approach to applying the model for the
regiocnal saturated zone

The basis of the numerical modeling efforts will be the
sonceptual mecdaels of the Quaternary, prasent, and futura
hydrologic systems. Thase concaptual models will be daveloped
in Study 8.3.1.2.1.4 on the basis of published data, such as
that ugsaed by other authors to develop other conceptual and
numerical models, and standard parameter evaluation tachniques.
Dsvelopment of conceptual models will be coupled with peariodic
reviews of field evidence and may benefit from an additional
search for data. In addition, stochastic hydrologic methods, as
described by Hofmann (19585) will be investigated as possible
sources of support of the deterministic models. Stochastic
methods (Bates and Jackson, 1987) involve the statistical
manipulation of hydrogeclogical variables to provide information
about the probabilities of the occurrence of hydrelogic evants.
A stochastic variable, in this context, is cne whose value is
determined by a probability fuaction. An example of the
application of stochastic methods, as cited by Hofmann (1965),
is "the rsarrangsment of the time sequences of historic
hydrolegic events and the gensration of reprssantative non-
historic sequences.” This apprcach could possibly bs applied to
the evaluation of future regional saturated-zone hydrology.

To date, the works of Czarnecki (198%) and Downey and Siaten
{written comm., 1992) have besn the major sffort in simulating
the effects of possible increased recharge on the saturated zone
in the region surrounding Yucca Mountain. This work is
discussed in Section 3.3.3.1.1. The pesition of the water table
in response to increased recharge was numerically modeled and
probadble discharge areas were identified. However, one of the
major limitations in this work is the lack of a reliable method
for sstimating present-day and futurs recharge. The method used
relied on the work of Rush (1970) which used an empirical methed
developed by Zakin and others (1951). The technique of Eakin
and others (1951) was compared by Crosthwaite (1969) and Watson
and others (1975) to other methods of estimating recharge. They
cencluded that the method was suitable for cobtaining only a very
approximats estimate of recharge. NoO method was considered to
be fully reliable in predicting recharge, although the method of
Bakin and others (1951) has been used sxtensively in basin
studies in Nevada.

Additional work is needed to determine rachargs mechanisms
and rates, and to establish analytical sexpressions for
relationships between precipitation rates and associated ground-
water racharge rates. This nesd is in part trsated in Study
8.3.1.2.2.1 (Unsaturated-zone infiltraticn) and in part by
Activity 8.3.1.5.2.1.4 (Analog recharge studies). Rscharge
studies related to Fortymile Wash are contained within Study
8.3.1.2.1.3 (Regicnal ground-water flow system). Information
from these studies will be critical to the final model used to
svaluate future hydrolcgic responses to climate changes.
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A three~dimensional, finite difference model was used by
Downey and Sinton (written comm., 1992) to simulate the steady-
state ground-water flow system in the Yucca Mountain area. This
model was daveloped using the data sets and boundary conditions
of Czarnecki and Waddell (1984). The model was utilized in the
evaluation of three~dimensional ground water flow simulations
versus the two-dimensional approach. The three-dimensicnal
model included two aquifer layers, which represent an upper unit
composed mainly of volcanic, alluvial, and marsh depcsits while
the lower unit is composed primarily of carbonate rocks of the
regional aguifer system. Horizontal flow was simulated within
the aguifer layers, and vertical flow simulated between the two
aguifers. In gensral, ground water flows to the scuth and west
from the recharge areas to discharge areas in the vicinity of
Death Valley, California. Modsl simulations indicate that the
spatial distribution of hydrologic units of lower permeability
and the distribution or magnitude ¢f recharge and discr:rge
fluxes are the primary controls on the flow of ground .uiter in

~ the study area. Vertical variations in hydraulic head ars the

result of cne or more of the following: discharge, recharge,
and lower vertical permeability. Model simulations indicate
that complex flow patterns may exist in the Yucca Mountain area
and are the result of interactions between recharge and the
transmissivity of the upper and lower agquifer layers. Discharge
at Ash Msadows, Alkali Flat, and recharge along Fortymile Wash
and Pahute Mesa are important to the understanding of the
gechydrology of ths Yucca Mountain area.

Twe gensral modeling appreoaches, one backward-inetime and
one forward-in-time, will be utilized toc build upon past
modeling efforts. Information from both will be used to
estimate the effects of future climate and geclogic framework
change on the saturated-zone gechydrologic system in the Yucca
Mountain, Nevada, region.

(1) *"Backward-in-time®" approach: This approach employs a
model of present (1992) hydrologic conditions developed
in Study £8.3.1.2.1.4 (Regional saturated-zone synthesis
and modeling). Using numerical modsling techniques and
GS1Ss, these conditions will be stressed to simulate
palechydrological conditions at various points in past
time and will be compared to the hydrologic conditions
near the end of the Pleistocens, abdbout 23,000 years age
(Spaulding, 198S5).

(2) "Forward-in-time" approach: This approach synthesizes

. paleohydrological conditions using numerical modeling
techniques from a point in time about 23,000 years ago
to the present day. The chbjective is tc simulate
present (1992) hydreologic conditions using
palechydrologic datap howsver, simulated
paleohydrological conditions will be compared at points
in time where hydrologic data are available.
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Both approaches should produde validated geohydrelogic
models that may be used to simulate future hydrological
conditions in the Yucca Mountain, Nevada, region and should
converge on the same answer. Future hydrologic conditions will
use climate predictions, possible tectonic changes, and
projected water-use information. 1In model validation, features
in the geologic record, such as past~discharge points (as
determined in Study 8.3.1.5.2.1, Quaternary regional hydrology).,
that differ from predictions of the models, will have teo be
evaluated in the context of possible tectonic effects. 1It ie
predicted that a short-term warmsar and drier pericd, followed by
a long-term, colder and wetter paricd may occur in the Yucca
Mountain region of scuthern Nevada during the next 7,000 to
10,000 yr (Spaulding, 1985). Howsver, other scensrios will be
used as input to the simulation models if data are available.
The modeling efforts in both approaches will empley the three-
dimensional numerical model codes used in Study 8.3.1.2.1.4
{Regional hydrologic system synthesis and modeling). The
investigators realize that there is a consideradle overlap
between the forward-in-time and the backward-in-time approaches.
Thie overlap provides a form ¢f cross-checking between the two
methods forcing the investigators to kesp in mind the many
interacticns and relationships present in the geohydrologic
system of socuthern Nevada. Both methods should provide the same
answer at the same point in time; however, the two approaches
are not designed to provide exact answers or calibration points
because ¢f data limitations of the field of palechydrology. The
two approcaches are also data-limited and highly depended on
other project functions, such as Study 8.3.1.5.2.1 (Quaternary
regicnal hydrology), to provide sufficient data in a timely
manner to accomplish the objectives of this project.

3.3.3.1.3.1 Backward-in-tise approach

starting with the present-day (1952) gechydrolegic and
climatic conditions, modeling will be “backward-in~-time” using
palechydrologic and geclogic data as verification points along
the time line. The cbjective is to simulate hydrolegic
conditions at various peints in time in the past to dsmonstrate
that the numerical model can reproduce known palechydrological
conditions at these time points, thus providing a measure of
model validation for the time period from present day to about
23,000 years ago. Figure 3.3-2 illustrates the modeling process
for the backward-in-time and forward-in-time approachss.

In the backward-in-time spproach, the meaning of
“validation” is that the simulated potenticmetric surface for a
particular interval of time in the Quaternary would be judged
to have an acceptable match, as defined by professiocnal
judgment, with the inferred or estimated potentiometric surface
for that same interval of time, based on paleohydreolegic
svidence. Dsviations will be examined for new information as to
unrecognized climatic effects and effects of a changing tectonic
and geoclogic framework.
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Data sets for the simulaticn model of modern-day hydrolegic
conditicns will be derived from cbservations, measurements, and
interpretations made during other portions of the subject. The
model varisbles or parameters have been termed internale cor
externals as shown in Figure 3.3-2. The externals consiet of
geology, geomorphology, climate, vegetaticn typeés and
distribution, and topography. The internals, or informatiocn
dealing with the subsurface envirocnment, consist of the
hydraulic head, transmissivity or hydraulic conductivity,
storativity, and boundary conditions.

The model will be stressed by making ths climate wetter and
colder, and by reconfiguring the geclogic framework based on the
geologic record. Figure 3.3-3 illustrates the transient
modeling process for the backward-in-time and forwarde-in-time
approaches. The simulation modsl will be calibrated using
. geclegic information (Figure 3.3-2) such as paleoclake or playa
deposits, spring deposits, and marsh deposits. Vegstation
evidence, such as pollen records or pack-rat middens, pedogenic
features, and geomorphic land forms will alsc be used in the
model calibration. .

Model variables, classed as externals, are derived from
field evidence and data analysis as part of the past-discharge
activity (in Study B8.3.1.5.2.1, Quaternary regional hydrology),
climate studies (Investigation B.2.1.5.1), and unsaturated-zone
studies (Study 8.3.1.2.2.%, Unsaturated-zone synthesis and
modeling). These variables will then be used to estimate those
variables classed as model internals, such as water levels and
boundary conditions. Evidence and analysis derived from
tectonics studies (Study £.3.1.8.3.2, Effect of tectonic
processes on water-table slevation; and Study 8.3.1.17.4.12,
Tectonic models and synthesis) will be ussd to estimate aguifer
geometry.

Model calibration, verification, and validation procedures
(discussed in Section 2.1.2) will be completed using geologic
and biclogic evidence from which the hydrologic svidence was
derived for each time periocd (Figure 3.3-3). GSIS (discussed in
Section 3.3.3.1.2) will be utilized for data management and
visualization ¢f model results.

In order to simulate future climatic conditions, Study
8.3.2.5.1.6 (Future regional climate and environment.) will
generate & set of expected future climate scenarios for the next
100,000 years, with special emphasis on the next 10,000 years.
These climate scenarios will provide estimated parameters for
" input (for example, recharge to the simulation model that will
allow evaluation of the future climate effects on the saturated
gone) in the Yucca Mountain region.

. If the geologic record (Study 8.3.1.5.2.1) suggests that

tectonics have affected the palsoflow regime, future tectonic
effects on the water table will have to be considered. For
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Figure 3.3-3. Logic dlagram for transient modeling for the backward-in-time
and foward-in-time approaches.
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gechydfologic model simulations of future tectonic conditions,
Studies 8.3.1.8.3.2 (Effect of tectonic processes on water-table
elevation) and 8.3.1.17.4.12 (Tectonic models and synthesis)
will provide input as toc the effects of tectonic events con the
saturated-zone geolegic framework.

3.3.3.1.3.2 Forward~-in-tims approach

~ starting with the geohydrologic climate conditions at a
peint in time about 23,000 years ago, transient model
simulations will be made "forward in time™ using
palechydrological and geoclogical data for verification at
variocus points in time to the present day (about 1988). The
objective of this approach is to simulate the present-day
geochydrologic conditions in the Yucca Mountain region using the
availadle palechydrologic and geclegic information, as well as
the present-day geclegic and climatic data. This approach may
provide a long-term form of model validation not available freom
other techniques.

Model input data sets will be developed based on geologic
deposits, discharge deposits, and vagetation evidence, such as
pollen records and pack-rat middens. Padogenic features and
geomorphic deposits will alsc provide input to the simulation
mode)l. Both the *"forward-in-time” and “"backward-in-time"
approaches should provide the same gesneral results.

In crder to simulate the future geclogic framework
conditions, Study 6.3.1.17.4.12 (Tectonic models and synthesis)
will provide input for the modeling of tectonic effects on
changes in framewcocrk in ths saturated zone.

3.3.3.2 Synthesis of modeled effeacts of climate change on future
saturated-zone hydrology

Because the end results of this activity are intended for the
resolution of performance issues, particularly for the assessment of
*disturbsd-cass® scenarios in lssue 1.1, it will be necsssary for
the USGS investigators to recommend spscific modeling results for
use in performance asssssment. Finalizing thase recommendations
will be accoumplished by peer review within USCS-HIP, incorporation
of odbjective reviews by USGS escientists not involved in the Yucca
Mountain Procject (YMP), and(or) the assistance of non-USGS
scientists from the fields of climatoclogy and hydrologic modeling.

3.3.3.3 Kethods sumaary

The characterization parameter tc be evaluated by the analyses
described in the adbove secticns appsars in Pigure 3.3-1. The
selected methods for evaluating the parameter are also summarized in
this figure. Alternate methods may be employed if sslected methods
should prove impractical to evaluate the parameter of interest. The
USGS investigators have selected modsling approcaches which they
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believe are suitable to provide data within the expected ranges of
model output.

3.3.4 Quality-assurance requirssents

Technical procedures do not apply to this activity bécause: (1)
documentation and control of the quality of software used for modeling
are subject to the requirements set forth in YMP-USGS QMP-3.03 (Software
Quality Assurance); (2) modeling is an analysis and interpretation
activity, the appropriate application of which is assured by technical
review as set forth in YMP-USGS~-QMP-3.04 (Technical Review, Approval,
and Distribution of YMP-USGS Publications); and (3) data used in
modeling are collected under other studies for which quality assurance
requirements have bsen set.
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APPLICATION OF STUDY RESULTS
4.1 Application of results to resolution of performance and design issues

Site information from the present study will be employed in the
fcllowing performance issues: Issue 1.1 (Limiting radionuclide releases to
the accessible environment), lesus 1.8 (NRC siting criteria); and Issue 1.9
(Righer-level findings). It will alsc be applied in the following design
issues: Issue 1.10 (Waste-package characteristics), Issues 1.11
(Characteristics and configuration of repository and repcsitory-engineered
barrier systems), and Issue 1.12 (Characteristics and configuratione cof
shaft and borehole seals.

The application of site information from this study to performance &nd
design-parameter needs required for issues resclution is addresssed in
Section 1,3. Table 7.2-1 summarizes specific relationships between
performance and design parameter nesds and characterization parameters of
this study.
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4.2 Application of results to support other site-characterization studies

Results from Activity 8.3.1.5.2.2.1 (Future surface-water hydrology)
will be used in two additional activities, Activity 8.3.1.5.2.2.3 (Future
climate effects on the saturated zone), and Activity 8.3.1.16.1.1.1 (Site
£lood and debris-hazards studies). f

Activity 8.3.1.5.2.2.3 (Future climate effects on the saturated zcne)
will assess the the sffects of changes in climate and in the rsgional’
geologic framework could induce changes in the amount of ground-water
recharge to the regional ground-watsr tadble. Llargs rates of
svapotranspiration relative to precipitaticn cause very little infiltration
from hillslopes to the ground water. Although flow in channels is thes most
likely source of ground-water recharge, the infiltration response of ridges,
slopes, and upland areas to changes in climates, 2s modeled in the future
surface water activity, will also be considered in recharge estimates for
Activity 8.3.1.5.2.2.3. Thus, in corder to predict changes a ground-water
recharge due to climate changes, the response of streamflow nust first be
predicted.

Activity 8.3.1.16.1.1.1 (Site flood and debris-hazards studies) will
assass the magnitude and fregquency of potential floods during the pre-
closure period. Because little historic data is available to determine the
potential for future flooding with a high degree of accuracy, altarnative
methods of flood magnitude and freguency assessment are required. One
altsrnative i{s to use metecrological conditions with known probabilities as
input into a surface-~water mcdel originating in Activity 8.3.1.5.2.2.1. The
resulting streamflow can theredby be predicted. This approach to flood
estimaticn has the advantage over analysis of peak-flow data of bsing abls
to pradict not only the peak discharge of a flood, but also the shape and
duration of the entire hydrograph, and the antscedsnt soll-moisture
conditicns. This can in turn be used to assess the debris hazards
associated with a hypocthetical flood.

Results from Activity 8.3.1.5.2.2.3 (Future climate effects on the

saturated zone) may be used to guide the data-collection efforts of Activity
8.3.1.5.2.1.3 (Bvaluation of past-discharge areas).
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SCHEDULES AND uILzs:ouns
5.1 Schesdules

The proposed schedule presented in Figure 5.1-1 summarizes the logic
network and reports for Study 8.3.1.5.2.2. This figure represents a summary
of the schedule information which includes the segquencing, interrelations,
and relative durations of the activities described in this study. 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 presant study has taken into account how the study will be affected by
contributions of data from cther studies, and alsc how the present study
will contribute to or may interfere with cther studies. Milestones shown on
the schedule include the major milestones cited in SCP Table 8.3.1.5-6
(Major events and planned completion dates for studies in the Climate
Program).. Figure 5.1-1 reflects the most recently available project

participant schedule.
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$.2 Milestones

The milestone numbers, titles, and levels associsted with Study
£.3.1.5.2.2 appear in Table S5.2-1. The information presented in the table
represents major events or important summary milestones associated with the
activities presented in this study plan as shown in Figure §.1-1. Specific
dates for the milestones are not included in the tables, as these dates are
subject tc change due to ongoing planning efforts.
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Table 5.2-1. Milestone list for work-breakdown strucrure number - 1.2,3,6.2.2.2 (SCP 8.3.1.5.2.2)
Milestone Number Milestone Milestone Level
Euture surface water: 8.3.1.5.2.2.1
2040M NRC spproval of study plan 3
HO00IM Study plan submittal (YMPO) 3
HO2M  Work authorization (831522) 3
HO13 Precipitation-runoff model for arid environment 3
HAIS P83S: Preliminary prediction of future flood/debris 3
P787 P787: Prediction of future flood/debris movement 3
P935 P935: Summary of modem flooding events 3
3GFH204M Report on model evaluation and selection 4
Future satyrated zone: 8.3,1.5.2.2.3
P745 P745: Effects of climate change on SZ 2
" 3GFHOMM Paper on analysis of structural geology 3
3GFHO0OM Paper on structural flow-path with transport and chemistry 3
3GFHOI4M Application of GSIS to 3-D ground water modeling 3
3GFHO22M Paper on using GSIS to chooss model units 3
3GFHO23M Paper on using GSIS for areal recharge/discharge 3
G037 Work authorization 8.3.1.5.2.2 3
1. ward\edypias\up- SI2ui-$23.001
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7 APPENDICES
7.1 Quality-assurance requirsments

Determination of the gquality status for the activities of this study
will be made separately, according to AP~6.17Q, "Determination of the
Importance of Items and Activities®, which implements NUREG~1316, "Technical
Position on Items and Activities in the High-lLevel Waste Geclogic Repository
Program Subject to Quality Assurance Requirements®. The results of that
determination will be contained in the Q-List, Quality Activities List and
Non-Selection Record, which will be controlled documents.

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

7.1.1 Quality-assurance :tquircn-ptl matrix

Applicable NQAQI criteria for Study 8.3.1.5.2.2 and how they will be

satisfied )
BOA=] Criteris ¢ Pocuments addresging these requirements
1. Organization The organization of the OCRWM program is
and interfaces , described in the Mission Plan (DOE/RW-00S,
Juns 1985) and further described in
Section 8.6 of the SCP. Organization of
the USGS-YMP is described in the
following:
QMP-1.01 (Organization Procedure)
2. Quality~ " The Quality~-Assurance Programs for the
assurance OCRWM are described in YMP-QA Plan-88-9,
program and OGR/83, for the Project Office and HQ,

respectively. The USGS QA Program is
described in the following:

QMP=~2.,01 (Managemsnt Assessment of the
YMP~USGS Quality-Assurance Program)

QMP~2.02 (Personnel Qualification and
Training Program)

QMP~2.05 (Qualification of Audit and
Surveillancs Personnsl)

QMP-2.06 (Control of Readiness Review)
QMP-2.07 (Devealopment and Conduct of
Training)
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5.

Scientific
investigation
control and
design

Administrative
opsrations and
procuremsnt

Instructions,
procedurss,
plans, and
drawings
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Each of these QA programs contains Quality
Implementing Procedures further defining
the program regquirements. An overall
description of the QA Program for site
characterization activities is described
in Section 8.6 of the ScCP.

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

apply:

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

QMP=3.03 (Scientific and Bngineering
Software)

QMP-3.04 (Technical Review of YMP-USGS
Publications)

QMP-3.05 (Work Regquest for NTS Contractor
Services ([Criteria Letter]))

QMP-3.056 (Scientific Investigation Plan)
QMP=3.07 (Technical Review Procedure)

QMP=3.09 (Preparation of Draft Study
Plans)

QMP=-3.10 (Close-cut Verification for
Scientific Invastigations)

QMP=3.11 (Pesr Review)
QMP=4.01 (Procurement Document Control)

QMP=4.02 (Acquisition of lnternal
Services)

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

QuP~5.01 (Preparation of Tschnical
Procedures)

QMP~3.02 (Presparation and Control of
Drawings and Sketches)

QMP-5.03 (Dsvelopment and Maintenance of
Management Procedures)
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7.
8.
9.

10.

1.

12.

13.

4.

1s.

16.

17.

is.

Document control

Control of
purchased i{tems
and services

Identification
and control of
items, samples,
and data

Control of
processes

Inspection
Test control
Control of
measuring and
test eguipment

Bandling,

~ shipping, and

storage

Inspection,
test, and
operating status

Control of
nonconforming
items

Corrective
action

- Records

management

Audits
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QMP-5.04 (Preparation and Control of the
USGS QA Program Plan)
QHP-6.01 (Document Contreol);
QMP~7.01 (Supplier Evaluation, "Selection

and Control) -

QMP-8.01 (Identification and Control of
Samples)

OMP=-8.03 (Control of nata)

Not applicable

Not applicable
Kot applicable

QMP-12.01 (Instrumant Calibration)

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

Hot applicable
QMP~15.01 (Control of Ronconforming Items)

QMP-16.01 (Contrel of Corrective Action
Reportas)

QMP-16.02 (Control of Stop-Work Orders)

QMP~16~03 (Trend Analysis)

OMP~17.01 (YMP~USGS Records Management)

QMP~17.02 (Acceptances of Data Not
Developed Under the YMP QA Plan)

QMP-18.01 (Audits)

QMP=18.02 (Surveillance)
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7.2 Relations batwsen the site information to be developed in this study and
the performance and design information needs specified in the SCP

This section tabulates in Table 7.2.1 the specific technical
information relations between SCP and paerformance-parametars needs and
characterization parameters to be evaluated in this study. The
relations wers developed using model-based parameter categories that
provide common terminology and organization for evaluation of site,
design, and performance information relaticns.

The performance issues that directly cobtain data froa this study are
noted in the tabls. Por sach issue, the characterizaticn parameters
(from SCP 8.3.1.2) are related to the performance parameters reported in
the performance allocation tables (from SCP 8.3.5). At the beginning of
each issue group, the performance measures addressed by the performance
parameters for the issue are listed. Parameter categories, as noted
above, are used to group the performance parameters with the site
parameters 80 that compariscns of information requirement (performance)
with information scurce (site study) can bs made.

For eacr. pesrformance parameter noted in the table, the asscciated
goal and confidence (current and needed) and site location are listed.
For esach parameter category, the associated charactsrization parameters
are listed with information about the site locaticn and the sits
activity providing the information.

Note - Comparison of the information relations (characterization
parameters with performance parameters) must bs done as sats of
parametars in a given parameter category. Line-by-line comparisons from
the left side of the table (performance parameters) with the right side
of the table (site parameters) within a parameter category should pnot be
made.
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Table 7.2-1 Oesign and performance {rsues and perameters supported by results of this study
Design and Performance Paremeter Location Parameter Cosl and Site Parameters Parameter Location site Activity
Paremsters Conf {dence
(Current end Needed)
fesue 1.1 #11L the mined geclogic disposs! system meet the system perforsance cbjective fov: linfting radforclide (scr 8.3.5.13)
. reteases to the sccessible envirorment s required by 10 CFR 60.112 and 40 CFR 191,137
Performance Meesuress EPPN®, disturbed case C-1, Incresssd weter fitm threugh unsatursted rone
eren®, disturbed cese C-2, foreshortening of unestursted rone, weter psthway
eren®, disturbed cese £-3, altered unestursted-rone rock propertles and geochemistry, water pathway
lﬂl‘ disturbed case 0-1, foreshortening of water flow paths In unestureted zone
e, disturbed case D-2, altered satursted-zone hesd gradients, rock hydrologie properties, snd otodcuhtry
Parameter Category: Palechydrolegy/future-hydrology frypotheses
Expected segnitude of  Reposttory ares; Goals Fiom chonge witl be | Puture runoff and 8.3.1.5.2.2
flux change dm to tneaturated zone 0.3 mw/yr uith 672 stremfliow
elimatic changes over - confidence or more
nent 10,000 yrg . Currents Low
quentitstive confidence Readad: Righ

bounds on expected
mopnitude of change
(scenario clese C-Y,
tocal or extersive
{ncrenses In
tnestursted-gone
percotation flux)
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Toble 7.2°V Design and performence issues and paremeters supported by results of this sty

Oesign and Performence Paramster Locetion Paramater Goal and Site Poramsters Parameter Location site Activity

Paremsters Confidence
(Current and Needed)

fssus 1.9 Uit the mined geclogic dispossl system meet the system performance cbjective for Lialting redionuclide (SCP 8.3.5.13)
. relasses to the accessible enwirorment as required by 10 CFR 60.112 and 40 CFr 191.13?

Performence Neasures: EPPN", disturbed case C-2, forsshortening of wnsatureted sone, uster psthusy
erre®, disturbed case C-3, sitered unsatursted-10ne reck properties end geochemistry, uster pathusy
eren®, disturbed case 0-1, foreshortening of water flow paths (n unsstureted zone
eren®, disturbed cese D-2, sltered ssturated-zane head gradients, rock hydrologic propertiss, and gecchemietry

Paremster Category: Palechydrology/iuture-hydrology hypothesss

Expected magnitude of Controlled area; Uster Goalt Expected magnitude future satureted-zone 8.5.1.5.2.2
change iR uster-table table of change (n water-table hydrologic conditions
lovel dus to climstic : sltitude uill not bring
changes over the maxt uater teble to within 100
10,000 yr (scenario clase ® of repository horfzon
C-2, foreshortening of fn 10,000 yr
wwaturated zone) Currents Louw
Neoded: Bigh
Degree of ninsraloglc Controlled ares; Goalt Adverss changes in
charnge In the controllied Unsatursted one winsralogy will not occur
area resulting from
changss {n water-table Currents Low
tevel or flow paths ia Weeded: Low
10,000 yr (scenario cless
C-3, changes In
unsaturated-zone rock,
hydrologic, end
geochemicel properties)
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Page 3 . .
Table 7.2-1 Design snd performence issues and persmeters supported by results of this study )
. ' . ) 1
Design and Performance Peramter Locstion Parsmeter Goel and Site Psrameters Parsmeter Locetion Site Activity
Paremeters Confldence
(Current and Needed)
tesue 1.4 Witt the mined geclogic dicposst mn-'mt the system perforsance cbjective for {intting radiomel ide ‘(scp 8.3.3.13)

relesses to the accessible envirorment es required by 10 CFR 60.112 and 40 CFR 191.13?

Performance Messurest EPPN®, disturbed cese 0-1, foreshortening of weter flow peths in wnssturated zone )
ePn®, disturbed case D-2, altered saturated-zone hesd gradients, rock hydrotogie properties, and geochemistry

Parameter Categorys Patechydrology/future-hydrotogy hypotheses

Expected locations of Controtled sres; Cost: That no surficiel

surficist discharge Satureted zone discharge points coutd

points uithin sppesr within

controlled-sres over next controlled-sree given o !
$0,000 yr (sconerio class wster table rise < 140 n |
0-1, sppesrance of Currents Low i
surficist diechsrge Segded: Redium

points within controtied
ares, foreshortenting of
saturated zone)

Expected mgnitude of . Gosls Gredients change .
change In water-table less than a fector of &
gredient due to climetic Currents Low

change over the mext eeded: Medim

10,000 yr (ecererio clase
0-2, incressed heod
gradfents or changed
rock, hydrotogie, or
geochenieal properties in
setursted tone)
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Table 7.2°1 Design and performence issuss and pereseters supported by results of this study

Design and Performence Peremster Location Paramster Gosl and Site Paremsters Paremstor Loc

Parameters Contidence
(Current and Needed)
lssus 1.9 Cans higher-level findings be mede for disqualifying and qualifylng conditions of technical guidslines fc
pechydrelogy, geochamletry, rock charscteristics, bumen Interference sct. and can cosparative evalustior
required by 10 CFR Part 960.3-1-5 be made?

Performence Nessures:

Expected megnitude of

- flun chonge dus te

climtic changes over
100,000 yr

Expected magnitude of
chenge {n water-teble
(evel cue to climetic
changes over next 100,000
| il

Expected megnitude of
change (n weter-table
gredient dus to climetic
change over next 100,000
yr

Paremster Cotegory: Palechydrology/future-hydrology hypothsses

Controlied sres;

Gosl: Show expected flim
change uill be ¢« S mwyr
Currents -

Neoded: Nigh

Gosls Show expected
magnitude of change in
uster-table sititude will
be <100 m

Currentt -~

Neaded: Noderste

Goel: Show change uill be
<2x w3

Currents -~

Needed: Noderrate

Future runoff and
streasflonw

Future satureted-zone
hydrologlc conditions
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Page 3 .
toble 7.2-1 Design and performance issues and psrameters supported by resulte of this study. Y
Design and Performence Persmster Locstion Parsmster Gosl end Site Parameters Parsmeter Locetion Site Activity
Perameters Confldence

(Current and feeded)

fesue 1.9 Can hMgher-level findings be made for disquelifying and qutifying conditions of technical guidetlines for  (SCP 5.3.5.18)
gechydrotogy, geochemistry, rock charecteristics, humen interference ect. and can comperstive svetustions
required by 10 CFR Part 960,3-1-3 be made?

Perfornence Messuress
Parameter Category: Palechydrology/future-hydrotegy hypotheses

expected locstions of Controiled sres; Goels Shou thet no
surflicial discherge significent surfictal
points within the discharge points could
contrelied zone dm to sppesr within C-ares,
clisatic change over the given & water-tabte rise
nent 100,000 yr <160 @

Currentg --

Keeded: Moderate
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