
APPROACH FOR A RESEARCH PROJECT ON
CLIMATOLOGICAL EFFECTS ON RECHARGE

December 17, 1991

1 BACKGROUND

Guidance from the NRC received by the CNWRA in a June 18, 1991, letter from Paul J.
Edgeworth to John E. Latz directed the CNWRA to provide a letter report indicating the
approach that would be taken for a "Climatological Effects on Recharge" research project. Mr.
Edgeworth's letter indicated that under a previous letter [Mary H. Mace to John E. Latz,
September 7, 1989, Subject: Research Project Plan for "Long Term Climatological Effects on
Ground-Water Recharge and Site Hydrology" Under the "Research" Program Element of
Contract No, NRC-02-88-005] the CNWRA was directed to develop a research project plan for
"Climatological Effects on Recharge" and that the NRC may be interested in having work
performed in this area in the future should funds and staff become available for the CNWRA.
This letter report is the response to Mr. Edgeworth's June 18, 1991, letter.

The response given in this letter report is based upon the following premises:

a. This document considers the September 7, 1989, Statement of Work (SOW)
entitled, "Long Term Climatological Effects on Ground-Water Recharge and Site
Hydrology" and the directions given in the associated transmittal letter of the
same date from Mary H. Mace to John E. Latz.

b. The CNWRA suggestions are predicated by the charge, based upon the CNWRA
Charter, to provide independent evaluation of the technical basis and merit of the
work activities given in the SOW and to recommend and negotiate alternative
work activities which are most appropriate for meeting the objectives of the
research in the context of the NRC's role of licensing a geologic repository for
high-level nuclear waste (HLW).

c. The funding for this research project would be approximately $200,000 per
annum for a duration of four years.

d. The proposed research project must be conducted within the constraints of an
NRC-approved quality assurance program and by an organization and personnel
free of conflict of interest.

e. The proposed research project must be integrated and coordinated with other
pertinent research and technical assistance activities provided to the NRC by the
CNWRA, the University of Arizona, and other individuals and organizations
providing support to NRC's HLW program.
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f. Reactive reviews performed by the Center to support the NRC will be expanded
in FY93 through at least FY96 (NRC Five Year Plan) to include detailed
technical reviews of DOE site characterization studies and investigations which
are of major importance based on site suitability determinations and associated
site performance issues. An evaluation of DOE's program to address
climatological effects on groundwater recharge and site hydrology, and in
particular long-term climatic change including the use of general circulation
models (GCMs), may be addressed in a detailed technical review.

1.1 NRC USER NEED

The January 19, 1990, "HLWM Detailed Research Needs" includes Need C8 entitled
"Climatic Changes and Effects on Unsaturated Flow Conditions." Priority concerns expressed
for this HLW Research Need include effects of increased rainfall on unsaturated flow and future
climate prediction. Enclosure 2 of that document is a detailed assessment of priority concerns.
HLWM Research Need 14 in that enclosure presents the specific reason for the needed research.
The need is given for an assessment of climate models (GCMs) for a recommendation of the
most appropriate model for long term future climate prediction. The need for development of
disaggregation methods for the GCM grid and time scales to local (site) scales and short time
periods is also expressed. The development of criteria to evaluate assumptions ("scenarios")
used for GCM predictions for repository performance evaluation is also given as a need. The
NRC's Office of Research has ongoing participation in an Interagency Agreement (B7121) with
the National Science Foundation which sponsors research to develop general information on
paleoclimatic reconstruction, global climatic modeling, and the application of global models to
the prediction of future climates.

1.2 NRC CLIMATE-RELATED COMMENTS

The NRC staff Review of the Department of Energy's January 8, 1988, Consultation
Draft Site Characterization Plan [CDSCP] for the Yucca Mountain Nevada Site- Final Point
Papers (1988) presented no objections and only one comment indirectly concerning long term
climatological effects on ground water recharge and site hydrology. Comment 32 noted that the
CDSCP did not address the "diverse number of theories on the nature of late Pleistocene and
Holocene climates derived from various paleovegetation data," and recommended "The full
range of possible climatic variations (uncertainties) consistent with the basic data should be
included as input to paleoclimatic and paleohydrologic modeling, as well as the assessment of
the impact of future climatic variations on repository performance." The NRC Staff Site
Characterization Analysis of the Department of Energy's Site Characterization Plan [SCP],
Yucca Mountain Site, Nevada (1989) states in Section 3.2.4 Climate and Meteorology Programs,
that "The staff finds DOE has resolved all CDSCP concerns. Further, the staff has not
identified any new concerns.. .about these programs."
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1.3 DOE'S CLIMATOLOGY AND METEOROLOGY INVESTIGATIONS

U.S. Geological Survey work supporting the DOE in climatology and meteorology (Work
Breakdown Structure 1.2.3.6) includes determination of the relations between climatic conditions
and hydrologic characteristics in the vicinity of Yucca Mountain during and since the Quaternary
and prediction of future hydrologic responses to possible future climatic conditions (SCP
Investigation 8.3.1.5). Materials presented at a June 27-27, 1991, meeting of the Nuclear Waste
Technical Review Board in Denver, Colorado by Dr. Alan Flint of the U.S. Geological Survey
included a discussion of work for the Yucca Mountain Project on the construction of a numerical
rainfall simulator which is probability based and temporally and spatially variable. This
simulator would consider past and future climatic conditions. Synoptic climatology is being used
to obtain data for the numerical rainfall simulator.

2 CNWRA RESPONSE

The CNWRA believes that the money allocated for research on climatic change and associated
effects on site hydrology which may affect repository performance would be best used if, in the
early stages of the work, efforts were not solely spent on investigating the use of general-
circulation climate models as proposed by NRC Research. As outlined in more detail below,
the CNWRA believes that the focus of the research should be redirected since there is evidence
that GCMs are not suited for modeling climatic conditions at the repository scale. Moreover,
the computational expense of running GCMs would most probably preclude their actual use by
CNWRA and NRC staff under the NRC current proposed budget of $200k/annum. The
CNWRA suggests that the main thrust of the proposed research effort be redirected from an
evaluation of GCMs' ability to predict future climates to a comprehensive evaluation of
climatologic/hydrologic variables to be used in the development of an iterative assessment of the
likelihood and consequence of infiltration changes within the Yucca Mountain region and the
proposed repository site.

The CNWRA proposes an expanded initial investigation which addresses several distinct,
although not independent, research tasks. In the first year of the suggested research project
three separate subtasks would be conducted in parallel. The first subtask would generate a
variably saturated flow model of the regional hydrologic regime at Yucca Mountain to be used
to assess the sensitivity of the configuration of the regional water table and local perched systems
to increased infiltration and consequent deep percolation. The second subtask would be an in-
depth, state-of-the-science review of methods for estimating future climates in the Basin and
Range physiographic province including paleoclimate studies, synoptic-scale meteorologic studies
and GCMs. In the third subtask, the available meteorological and paleoenvironmental data from
the southern Great Basin, which DOE and its contractors have collected for site characterization,
would be inventoried and evaluated. Upon completion of these tasks the CNWRA and the NRC
would, presumably, be better able to determine how to focus subsequent research to resolve key
uncertainties related to assessing the long term climatological effects on ground water recharge
and site hydrology.
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2.1 YEAR 1 - SUBTASK 1: REGIONAL HYDROGEOLOGIC MODELING

It is proposed that during the first year of the research project the CNWRA will construct
a general, variably saturated flow model of infiltration, percolation and water table recharge at
the Yucca Mountain site to determine the response of the hydrologic regime immediately within
the repository horizon to increased rainfall. This model would be used to assess the effects of
several different future rainfall scenarios on the Yucca Mountain hydrologic regime. Inasmuch
as the major concerns from a regulatory standpoint are increased flux of water through the
repository and the potential for flooding of the repository due to a rise in the regional water table
with subsequent degradation of repository performance, the scenarios of interest are those which
presume greatly increased rainfall and consequent increased recharge. If the model indicates that
substantially increasing the rainfall, infiltration and, thus, increased water flux through the
repository and increasing the ground water potentiometric surface does not affect the repository
horizon within Yucca Mountain, the CNWRA feels that less emphasis should be placed on the
use of sophisticated climate models to predict future local scale precipitation. If, however, the
model indicates that a substantial increase in precipitation may cause the repository to flood or
other potentially adverse conditions affecting the ability of the repository to meet the
performance requirements within 10,000 years, further research into the use of sophisticated
climate models to estimate likely future climates at Yucca Mountain is indeed warranted and will
be addressed in greater detail in the second through fourth years of the research project.

2.2 YEAR 1 AND EARLY YEAR 2 - SUBTASK 2: CLIMATE MODELING REVIEW

In parallel with development and testing of the regional variably saturated flow model
of the Yucca Mountain area, the CNWRA will conduct a review of methods which may be used
to predict possible future climates in the southern Great Basin. The CNWRA will evaluate the
feasibility of using paleoenvironmental data such as radiometrically dated organic material from
fossil pack rat middens, paleolacustrine cores and fossil pollen, as well as tree-ring chronologies
as proxy data for assessing paleoclimates. Also assessed will be the feasibility of using synoptic-
scale historical meteorological data and geohydrological data, such as stable isotope analyses of
deep, regional ground water systems, to construct a regional climate model. Recent advances
in the use of GCMs to predict future climates at the regional scale will be monitored and
analyzed as part of this review. Coupling of GCMs, mesoscale synoptic models and basin
hydrology will also be reviewed.

2.3 YEAR 1- SUBTASK 3: CLIMATE AND PALEOCLIMATE DATA REVIEW

Simultaneous with the ground water flow modeling and future climate model assessment,
the CNWRA will conduct an investigation of those meteorological and paleoenvironmental data
collected by DOE and its contractors at the Yucca Mountain site which would be needed to
construct future climate scenarios using any of the methods described in the preceding section.
This data evaluation work may be done in conjunction with other CNWRA activities related to
development of a computerized database and Geographic Information System (GIS) for the
proposed Yucca Mountain Repository site.
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3 BASES FOR CNWRA RESPONSE

The CNWRA formulated this suggested redirection from the initial NRC SOW primarily because
of the inability of current and anticipated GCM model results to be interpreted meaningfully at
repository scales and because the effective relationship between global climate change and
infiltration change which might result in a significant flux of water and rise in the water table
at a proposed site is not well known at the present. Giorgi (1990) stated "...current GCM's
have a resolution (- 500 kin) which is too coarse to provide adequate detail for regional studies,
especially in mountainous areas." According to Hay (1990):

"General circulation models (GCMs) simulate climatic conditions using grid cells
representing an area of about 10,000 square kilometers. This resolution is inadequate
to assess the effects of climatic change on water resources at a regional scale."

Relative to the relationship between GCM's and local hydrology Wood (1990) reports:

"The approach commonly used is to drive hydrologic models with alternative climate
scenarios, that are the output of GCM simulations. This approach suffers the
inconsistency in spatial scales between the GCM mesh and the river basin scale. In
addition, the ability of the GCM's to reproduce important hydrologic fluxes is unknown."

Another potential problem which precludes evaluation at a repository scale using a GCM has
been identified by Wilson (1990) as follows:

"In addition, GCM modelers caution against interpretation of simulation results for single
grid cells, and suggest instead that attention be focused on regional patterns that are only
evidenced through coincident variations at multiple GCM grids."

Researchers throughout the world are improving their GCM's with the desired goal of predicting
short-term atmospheric changes and of evaluating an increase in atmospheric carbon levels in
the next 50 years. To the best of our knowledge no models are being developed with the goal
of 10,000 year climatic predictions or comparable hindcasts. Currently, the GCM models
require extensive high-priced computing capability to calculate even a few years duration of
selected dynamic climate scenarios.

For these reasons, the CNWRA has suggested that GCM's not be the initial or primary focus
of this study, but rather that the local infiltration regime at Yucca Mountain be evaluated for
likely changes given credible predicted change in precipitation or temperature (or both) based
on the Quaternary record in the southern Great Basin. The most recent 20,000 years of climatic
record in the vicinity of Yucca Mountain leads most researchers to believe that precipitation at
the Yucca Mountain site has been no more than double its current level during that timespan
(See discussions in references). For example, Spaulding (1990) estimates that precipitation in
the Yucca mountain region might have been as much as 40 percent more than present at about
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18 ka (thousands of years before present). Interestingly, Winograd and Szabo (1988) suggest
a recent long-term trend of decreasing precipitation and increasing depth to the water tables in
the southern Great Basin which they primarily ascribe to uplift of the Sierra Nevada and
Transverse Ranges.

4 CONCLUSIONS

Completion of the three initial subtasks within the first year of the research project will
contribute to a directed research course to be planned and followed during the second through
fourth years. However, until completion of these first three initial activities, the basic research
topics outlined in Subtasks 1 through 4 as described in the original SOW which focus on the use
of GCMs exclusively cannot be justified. The first and second subtasks specified in the original
SOW (Subtask 1. Scientific Critique of Climate Models FY 1990 and Subtask 2. Model Selection
Criteria FY 1991) will be partially addressed in the first year effort within the proposed, revised
research plan. Upon completion of the first year of the research project, the CNWRA will issue
a comprehensive technical report describing: 1) The sensitivity of the regional hydrogeologic
system to increases in local infiltration, 2) The current state of the science of climate models
which may be used in constructing future rainfall scenarios, and 3) A review of meteorological
and climatological data including paleoclimatological investigations of the Quaternary record
available from the southern Great Basin, as well as data needs for any climate models being
seriously considered. The second year may focus upon the subtleties of the infiltration model
and any climatic modeling techniques which are thought to be promising based upon the state-of-
the-science literature review submitted at the end of year one of the project. Upon completion
of the second year of the research project, the CNWRA will issue a report which describes in
greater detail the sensitivity of the regional hydrogeology to climate change and the rationale to
be used for selecting a specific climate model (if practical) to construct future rainfall and
infiltration scenarios.
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