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ADVISORY COMMITTEE ON NUCLEAR WASTE WORKING GROUP
MEETING ON THE IMPACT OF LONG-RANGE CLIMATE CHANGE
IN THE AREA OF THE SOUTHERN BASIN & RANGE
NOVEMBER 18, 1992
BETHESDA, MARYLAND
An Advisory Committee on Nuclear Waste (ACNW) Working Group
meeting on the impact of long-range climate change
in the area of the Southern Basin & Range was convened by Working
Group Chairman Dr. William Hinze at 8:30 a.m. on November 18,
1992 at 7920 Norfolk Avenue, Bethesda, Maryland. The purpose of
this meeting was to consider the potential impacts to the
expected performance of the proposed high-level radioactive waste
(HLW) repository, as a result of long-range climate change in the
area of the Southern Basin and Range. The entire meeting was
open to the public attendance. Giorgio Gnugnoli was the
designated Federal Official for the meeting. Appendix A contains
a copy of the annotated agenda.
A list of meeting participants and attendees follows:
ACNW:
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

William Hinze, Working Group Chairman
Dade Moeller, Chairman of the ACNW
Martin Steindler, Vice Chairman of the ACNW
Paul Pomeroy, ACNW Member
Kenneth Foland, ACNW Consultant
Robert Hatcher, ACNW Consultant
David Okrent, ACNW Consultant

Invited Participants:
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Isaac Winograd, U.S. Geological Survey
W. Geoffrey Spaulding, Dames & Moore
Martin Mifflin, Mifflin & Associates, Inc.
Richard Forester, U.S. Geological Survey
John Czarnecki, U.S. Geological Survey
Jonathan Overpeckc, National Geophysics Data Center
Thomas Crowley, Applied Research Corporation Starley Thompson, National Center for Atmospheric Research
M. Miklas, Center for Nuclear Waste Regulatory Analyses
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NRC Staff Attendees:
S.
J.
H.
J.
R.
C.
K.
D.

McDuffie, NMSS
Trapp, NMSS
Lefevre, NMSS
Park, NMSS
Kornasiewicz, RES
Abrams, NMSS
McConnell, NMSS
Chery, NMSS

Other Attendees:
C.
J.
S.
R.
A.
C.
R.
J.
B.
W.
B.
J.
R.
G.
B.
S.
J.
J.

(Cady) Johnson, Woodward & Clyde
Blair, Fluor Daniels
Skuchko, DOE/RW
Crawley, DOE/YMPO
Gil, DOE/YMPO
(Carl) Johnson, State of Nevada
Luce, NWTRB Staff
York, Weston
Barnard, NWTRB
Matyskiela, TRW
Packer, TRW
Russel, CNWRA
Guffi, Weston
Roseboom, USGS
Saga, CNWRA
Milloy, Federal Focus
Gittus, BNF
Mullins, BNF

Opening Remarks:
Dr. Hinze convened the meeting at 8:30 a.m. He introduced the
Advisory Committee on Nuclear Waste (ACNW) Members participating
in the Working Group meeting: Drs. Moeller and Pomeroy (Dr.
Steindler arrived later that morning). He also introduced the
ACNW Consultants: Drs. Foland, Hatcher and Okrent.
He noted that
the subject of the Working Group meeting was to consider the
potential impacts to the expected performance of the proposed
high-level radioactive waste (HLW) repository as a result of
llong-range climate change in the area of the Southern Basin and

Range. The ACNW is specifically interested in the impacts of such
change in context of the proposed HLW repository at Yucca
Mountain in Nevada. The focus of the Committee's concern was the
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effect of climate change, which could result in adverse or
disqualifying conditions with respect to the proposed Yucca
Mountain site. The impacts, primarily from the amount,
distribution and type of precipitation, could, in turn, result in
either erosion or alteration of the depth of the water table.
Dr. Hinze identified the three specific questions for the working
group to consider:
1. What is the significance of global climate change to the
repository with emphasis on its ability to preserve its
integrity?
2. What are the nature and quality of the climatic models that
will be used for predictions of 10,000 or more years into
the future?
3. Are there available data to use in these models; are there
available data and methods to validate these models?
In addition to the overall impact to repository performance, the
specific focus was on the following:
A. Establish an understanding of the significance of climate
change as it bears on the Yucca Mountain repository over the
next 10,000 years.
B. Address methods of predicting into the future, with emphasis
on how the understanding of the past is reflected in these
methods.
C. Examine the modeling used to predict into the future.
D. Discuss the expected quality and quantity of data available
for extrapolating into the future.
E. Identify the sources of such data, as well as the procedures
for obtaining these data, at this stage in the process.
F. Identify how these data are to be collected, prepared and
specified so that they can be used in these models.
Dr. Hinze welcomed the invited participants. He also
acknowledged the attendance of Dr. Richard Crawley of the U. S.
Department of Energy, who is the WBS Manager for the DOE's
Climatology Program, as well as overall manager of the Study
Plans.
Dr. Hinze described the overall format of the meeting as

consisting of individual presentations, followed by brief,
question and answer periods. At the end of the day, a roundtable discussion would follow. Dr. Hinze noted that a request
from a member of the public had been received and that the
opportunity for a statement would follow the completion of the
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individual presentations. After addressing the rules and
provisions required by the Federal Advisory Committee Act, he
inquired whether any of the ACNW Members had any statements.
There were none.
Major Points and Issues Raised During the Working Group Meeting
There were some themes, observations and issues, which were
either very significant or were frequently repeated. These are
listed below, and may not be explicitly mentioned in the summary
of the individual presentations:
* Besides the rise of the water table, many presenters observed
that precipitation could lead to an increase of moisture in the
host material fractures, which could lead to faster flow paths
and ground water travel times (GWTTs). This could occur
without necessarily raising the water table into the repository
horizon; yet it could still result in failure of repository
performance.
* The nonlinearity issue refers to the unpredictable dependence
of the recharge/flux as.a function of the precipitation. The
participants expressed concern that a slight change in
precipitation could result in extreme changes in recharge.
Some characterized the situation as follows -- a doubling of
the precipitation could produce an increase of 15-20 in the
existing recharge.
* The global/regional modelers stressed the need to model global
climate change to effectively model regional change. Regional
climate modeling is needed to achieve the resolution required
to model Yucca Mountain's performance.
* A number of participants questioned the need for the expense
(funding and resources) for a condition that may not really
affect the repository's compliance status.
Some were skeptical
that the level of effort being expended would result in timely
improvement of our understanding of climatic impacts. Given
the regulatory time frame, there could be more important areas
for scientific investigations.
* Some participants suggested that precipitation assumptions for
impacts to the Yucca Mountain repository can be reasonably
bounded by assuming values of 2 to 2.5 times higher than
today's.
* U.S. Geological Survey (USGS) presenters indicated that there
is still a lot of data being collected -- and needs to be
collected -- before anyone could dismiss the impact of climate
change. A number of participants complained of unavailabity of
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data. However, the National Geophysical Data Center (NGDC) is
establishing a world-wide database of climate-related data.
The need to coordinate the investigations among disciplines was
brought up as a concern -both in partitioning the problem
among the component disciplines, as well as integrating the
findings of the distinct disciplines into a coherent
paleoclimatic explanation of repository performance.
Due to the distance of the water table from the proposed floor
of the repository (200-400 m.), some participants questioned
whether climatic impacts could result in raising the water
table to intersect the repository.
Many of the presenters emphasized the large hydraulic gradient
anomaly north of the Yucca Mountain repository, as well as the
associated hydraulic barrier. Many expressed some level of
uncertainty regarding the influence -- past, present and future
-- of these features on the Yucca Mountain hydrologic regime.
The "climatic surprise" factor could have a significant
influence on future climatic conditions. This makes the
forecasting effort an uncertain process; e.g., asteroid strikes
can seriously perturb climatic evolution.
Global climatic data are not in readily usable format for use
by modelers. Close coordination is needed between the modelers
and the data scientists, because the data need to be properly
interpreted for use by the modelers.
A number of the participants expressed the opinion that, in
spite of recharge rates of 15 to 20 times the present rate at
Yucca Mountain, the water table would not, in all likelihood,
rise sufficiently to intersect the repository.
The vadose zone hydrology at Yucca Mountain is not fully
understood or documented; nonetheless, it is important to the
impact of potential long-term climate change.
INDIVIDUAL PRESENTATIONS

I. Winograd. USGS - Overview of the Climate Change Phenomenon
With Respect to Yucca Mountain
Dr. Winograd characterized his two goals in this presentation:
* Review the relationship of climate change to the Yucca Mountain
repository performance.
* Explain two different approaches to deal with the problem.
Dr. Winograd indicated that climate change began to play a
greater role in predicting future repository performance when an
unsaturated, desert environment was selected for
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characterization. The decision to use the unsaturated
environment with little free water to corrode containers and
transport contaminants led to questions regarding the possibility
of future changes in this unsaturated condition. The geologic
record indicated that the Great Basin underwent significant
climate change in the late Pleistocene. The speculation that
this could recur led to the following questions:
1. How'much more vadose flux/recharge occurred at Yucca Mountain
during the wetter Pleistocene climates?
2. How much has the water table risen beneath Yucca Mountain?
3. How much were the ground-water travel paths shortened during
these wetter climates?
The two approaches addressing these concerns are both under
active investigation. The paleoclimatic approach serves as a
guide to investigating past and future climates. In effect, this
approach couples Pleistocene paleoclimatic records such as
packrat middens and lake sediment data with global climate models
to put bounds on past, and then on future, climate changes. From
the Yucca Mountain perspective, the goals are to obtain estimates
of changes in precipitation, seasonality of precipitation, and
temperature. This information, in conjunction with soil type,
plant cover, seasonality of recharge, etc., leads to estimates of
the amount of recharge.
The other approach is paleohyrogeological reconstruction. One
concentrates on the geologic evidence of the changes in the
Pleistocene water table, as well as the location of the
Pleistocene discharge areas.
Dr. Winograd displayed a number of slides of the region (Amargosa
Desert, Ash Meadows, Yucca Mountain, etc.) which indicated
deposits corresponding to various geologic epochs. Evidence
indicated the existence of late Pliocene marshes of groundwater
origin at Ash Meadows and Alkali Flat, as opposed to lake beds.
Faulting and erosion were active processes at the time. The
potassium/argon (K-Ar) method was used to date unaltered volcanic
ash at approximately 2 to 3 million years (m.y.) ago. Dr.
Winograd indicated that the water table was as much as 100 meters
higher than it is today. Another reason for dismissal of the
lake bed assumption was the absence of any evidence of a
topographic feature, such as a dam or dike blocking the water.
Moreover, the extent and configuration of calcite veins
throughout the area support groundwater paleodischarge as a
mechanism for generating the interpreted marsh environment.
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Investigations at Amargosa Desert indicate that the water table
is relatively flat and that it has been decreasing for the last
1.2 m.y. (apparently about 70 meters). Combinations of land
surface uplift and increased aridity could have resulted in the
net lowering of the water table.
The fact that calcite veins in Death Valley (as opposed to those
in the Amargosa) are found in areas 200 meters above the present
level of the water table has more to do with the effect of
vertical tectonism; e.g., subsidence (rates of 0.3-0.4 meters per
1000 years). Dr. Winograd interpreted the lowering of the water
table in the Amargosa Desert as representing an actual lowering,
rather than subsidence. This area is relatively inactive,
tectonically; however, tectonic events have occurred outside of
the Amargosa. Uplift of the Sierra Nevada and Transverse
mountain ranges coupled with simultaneous depression of the floor
of Death Valley resulted in the arid conditions and continued
water table lowering. Dr. Winograd points out that this trend
will likely continue until the Sierra Nevada mountain range
uplift stops or reverses. He points out that this development
over 3 m.y. is not likely to be reversed in the next 10,000 years
(the performance period for an HLW repository).
Dr. Winograd described work being done at Devil's Hole. This is
an open fault zone, which is a manifestation of the NW/SE
tectonic extension in this area over the last 10-15 m.y. Dr.
Winograd cautioned that the water table fluctuations at Devils
Hole should not be directly applied to Yucca Mountain; similar
fracture deposits at Yucca Mountain need to be examined,
specifically in the Topopah Spring formation, to bound water
table fluctuation there. Other closing remarks included:
* Devils Hole data imply that the Holocene may not end for
another 8-10 thousand years (k.y.).
* The only remaining issue justifying climate research is the
question of how high the water table could rise beneath Yucca
Mountain.
W, G. Spaulding. Dames & Moore - Climate Change as Indicated by
Paleohydrologic Reconstruction
Dr. Spaulding stressed the advantages of interdisciplinary
cooperation in scientific ventures; he cautioned against
excessive compartmentalization between disciplines. Although he
praised the effort involved in the DOE's climate study plans, he
indicated that more integration between groups studying linked
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The information needs of each group should

be anticipated at the planning stage, not only during the later
synthesis phases. Many interpretive problems could be avoided or
minimized if early planning provides for cooperation and
integration; e.g., focusing on paleoecological data, while
ignoring climate forcing factors (Malinkovitch cycles). Other
points raised by Dr. Spaulding include:
* Packrat middens are the prime source for paleoclimatic
information near (within 5-10 km) Yucca Mountain over the last
50,000 years. The rock host at Yucca Mountain itself, however,
does not lend itself to preserving ancient age middens.
* Because of the heterogeneous time/space distribution of the
midden data and because replication is the only strategy for
validation, a very large database is needed. Subjectivity
plays a significant role in retrodiction (reconstruction of
past climatic conditions) or prediction.
* Anomalies in paleoclimatic data take on special significance
when attempting to assess worst-case scenarios. Special review
procedures, procedures that are not the norm in the study of
paleoecology and paleoclimatology, are needed to carefully
scrutinize data interpretations to assure that (1) anomalies
are not disregarded, and (2) that there is not excessive
reliance on "conventional wisdom" which, in the analysis phase,
may in itself result in anomalies being disregarded.
* Dr. Spaulding indicated that there is a problem in retrodicting
or predicting site-specific conditions because of the relative
lack of vegetation and pollen data at the Yucca Mountain site.
(Again this is due to the nonpreservation capacity of the site
host material.)
* Paleoecological reconstruction has only been used for model
validation purposes, but its use should be broadened to provide
relative worst-case bounding scenarios.
* Analog recharge studies are being conducted at other nearby
areas that were selected as analogs of past environments at the
Yucca Mountain site.
* The Great Basin Desert is solely a winter precipitation regime;
other nearby areas (Sonoran Desert) have a bimodal
winter/summer regime. The relative effects of precipitation
(and hence infiltration) seasonality can thus be studied by
comparing the effects of the precipitation regime with those at
the Great Basin Desert.
* Since ancient middens are only preserved in arid environments,
dating of mummified middens can possibly indicate cycles of
arid or semi-arid climatic conditions.
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* Under most circumstances, the modern climate of a fossil site
must be known in order to use fossil remains to derive a
quantitative expression of the magnitude of climatic change.
Therefore, there should be good integration of the anticipated
information needs of paleoecological studies in the
meteorological study plan.
* There is a general lack of evidence for spring discharge in
southern Nevada during the full glacial, implying a lack of
contemporaneous recharge. This is enigmatic in light of models
that equate glacial times with "pluvial" climates in the desert
Southwest, but consistent with the packrat midden data from the
area that indicate a relatively cold, dry full-glacial climate.
* Packrat midden, pollen and lake level data show that the
Southern Basin and Range was no more arid 6000 years ago (than
today) and was wetter than today 9000 years ago.
* The paleoenvironmental data indicate anomalous information
during the last deglaciation and apparent major instability in
geomorphic systems. A better understanding of climatic changes
during this period is needed to address impacts of potential
future changes at Yucca Mountain.
* The relationship between precipitation and recharge is a
function of many variables, not all of which can be clearly
defined for long periods of time. Soil type/thickness, aquifer
type/transmissivity, vegetation density, etc. all factor into
the relationship of precipitation and recharge.
M. Mifflin. Mifflin & Associates - Studies in the Great Basin
Paleoclimate
Dr. Mifflin indicated that he would attempt to show the
connection between the known or assumed paleoclimatic conditions
and the potential performance of the repository. He stressed the
need for continuity across the disciplines, both in the
separating and aggregating phases of investigation. Unlike some
of the other presenters, Dr. Mifflin does not believe that the
key issue is that of the potential rise in the water table at the
site as a result of pluvial climate change. He identified
effective moisture as the key parameter to determine the waste
isolation capacity of the repository. He defined effective
moisture as the residual moisture involved in either recharge or
runoff after evaporation/evapotranspiration. Other points raised
during Dr. Mifflin's presentation include:
* Because of the geologic complexity of the region, the computer
models need to be "validated" by the abundant paleoecologic and
paleohydrologic evidence; e.g., packrat middens. There is both
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regional and site-specific evidence. Such evidence constrains
-- both temporally and spatially -- the range of potential
effective moisture.
Site-specific evidence in the form of vein fillings and
alteration of glass to zeolites well above the present water
table may indicate higher water tables -- 80-100 meters higher
in the past. Uncertainty exists regarding the relationship of
volcanic glass alteration to saturation.
(The age of any such
occurrences is difficult to determine.)
Dr. K. Foland pointed out that the use of strontium isotopes
puts the water table rise closer to 50 to 80 meters, which may
indicate little variation in the water table at the site.
Dr. Mifflin cited evidence of the existence of pluvial lakes in
the region in the late Quaternary to the extent that shoreline
features were created.
The bedded zones at Yucca Mountain are also fractured, although
there was some uncertainty as to what constituted a fracture.
Based on coring and the effective moisture encountered, Dr.
Mifflin concluded that there is fracture flow at Yucca
Mountain.
The available data seem to indicate that, even at very minor
uniform flux rates across the repository, fracture flow will
dominate.
Certain long-lived radionuclides, such as the actinides, do not
sorb well in fractures; thus fast travel times, by means of
fracture flow, lead to some concern.
The areas of groundwater discharge that have been mapped in the
region may suggest that the Yucca Mountain site may have gone
through the same marshy conditions, as opposed to an
exclusively dryer plenipluvial climate,as has been conjectured.
The hydrologic index, which is based on measurable data, is a
direct measure of paleoclimatic hydrology; it is the ratio of
the tributary basin area to the maximum lake area. Using this
index, Dr. Mifflin conclude that there has been a difference of
one order of magnitude in effective moisture at Yucca Mountain.
This difference in the effective moisture would drive the flow
regime into the fractures, and have a significant effect on
waste isolation.
The present Ruby Valley (NE Nevada) conditions represent a
close approximation to the pluvial environment at Yucca
Mountain.
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Dr. Richard Forester. U.S. Geological Survey - DOE's Proposed

Methodoloav for Predicting Climate Change for the Next 10.000
Years
Dr. Forester indicated that he would summarize some of the topics
discussed during a Yucca Mountain Program climate workshop held
in April 1992. The focus of the USGS is to determine whether
climate change is an issue with respect to waste isolation
performance at the repository. He pointed out that there are two
main potential concerns regarding the impact of increased
precipitation:
1. Infiltration of water through the mountain.
2. Rise in water table leading to shorter flow paths to the
water table.
The USGS has used a three-way approach to deal with the problem:
1. Reconstruction of the climate over the long term;
specifically focusing on the last 200,000 years, using lake
fossils.
2. Short-term reconstruction of the vadose zone, using
terrestrial data such as middens and pollens, as well as
lake data.
3. Study of the behavior of the saturated zone within the flow
system.
The broad goal is to integrate the hydrologic models with the
climate time series, in order to forecast water behavior at the
site.
He discussed the context of the climate effort in the seven
climate-related U. S. DOE study plans, all but one of which have
either been issued or are still being revised. Dr. Forester
singled out the study plan on calcite/silica veins, which is
focused on examination of the vadose zone behavior and past
climatic states. It addressed the presence of carbonates in the
mountain; these carbonates indicate historical dynamic water
behavior. Techniques used to investigate carbonates include
uranium-series dating, fluid inclusion analysis, fluorescence
analysis, etc. Some of the mineralogy effort at Los Alamos is
directed to the acquisition of information on the fracture
filling age frequency. Gaps between fracture filling episodes
may be tied to extremely arid climatic episodes or with very
wet/very cold climates. The goal is to arrive at a carbonate
budget correlated to the amounts of water generating it.
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Other observations raised during Dr. Forester's presentation
include:
* The assumption of equilibrium thermodynamics may be
sufficiently uncertain, so as to compromise the water/carbonate
relationship.
* Isotopic studies of past discharges show strontium signatures
at the surface equivalent to those at 85 meters in depth. The
conclusions are that either the groundwater has risen 85 meters
in the past or else water has fed the aquifer by infiltration.
* Some of the investigations are focused on the presence of
certain indicator fauna (ostracods), groundwater-supported
versus dry playas, distribution and types of vegetation, small
vertebrates, etc. and their interrelationships.
For example,
when the water source of a playa shifts from ground water to
precipitation/runoff,
the ostracods disappear. The shells can
be strontium dated to see when they existed or even when they
did not.
* Paleoanalogs are being used to try to "match" conditions
identified for past climatic regimes near Yucca Mountain. If
this analog is sufficiently similar to what is thought to have
been the paleoecologic/hydrologic/mineralogic data regime for
Yucca Mountain, this match may furnish more insights into the
climatic evolution at the repository site. For example,
paleoclimatic matching of wetland/spring analogs indicate the
likelihood of colder water temperatures and colder ambient air
temperatures.
* A caution was voiced that colder temperatures would likely
correspond to lower evaporation rates. Dr. Forester's analysis
has not factored this into the regime.
Dr. John Czarnecki. U.S. Geological Survey - DOE's Proposed
Methodology for Predicting Climate Change for the Next 10.000
Years (continued):
Dr. Czarnecki focused his presentation on changes to the groundwater regime under wetter climatic conditions. His discussion
addressed possible validation of models of groundwater flow,
based on hydrogenic or geologic field evidence. He stressed the
importance of the tributaries in the vicinity of Yucca Mountain-the Amargosa River and Forty-Mile Wash. He noted that, in his
model, Forty-Mile Wash was a course for recharge with respect to
the conceptualization of the water table behavior for this
system. He models discharge as occurring at Franklin Lake Playa
(1-3 mm/yr), where the depth to the water table is less than 3
meters. His model is based on data collected from wells in a
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3000-square-mile area, from which he has developed a different
view of how the groundwater system works.
He discussed the potentiometric surface and the influence caused
by the steep hydrologic feature upgradient (to the north of the
proposed Yucca Mountain site) leading to a southerly flow through
the Amargosa Desert. This hydraulic gradient represents a change
in the potentiometric surface of approximately 300 m over a
2000-m distance. It is markedly different from other gradients
in the flow system. He explains this feature as the result of
either a drain or a dam. He referred to an article by C.
Friedrick's to be published in the'Journal of Hydrology, where
this approach is discussed in more detail. He noted some
uncertainty in whether this is a buried fault -- no surficial
evidence of a fault exists --

or a drain.

Dr. Czarnecki

speculated that this is probably not a dam. He speculated on the
existence of listric faults or a series of dikes as possible
mechanisms.
He proceeded to describe how the region was modeled, e.g., the
large hydraulic gradient was simulated by including a zone of low
transmissivity. He also addressed the various recharge rates in
the region, based on well data. He singled out altitude as an
important component of the model. Once the model was reasonably
calibrated, it was exercised by increasing the water input
(increased precipitation). At this point, Dr. Czarnecki listed
the mechanisms which are generally not addressed in the preferred
technique (Maxey/Eakin) of relating precipitation to recharge;
these include:
*
*
*
*
*

Type of precipitation --

snow or rain,

Distribution or intensity of rainfall,
Topographic slope and aspect,
Vegetation type and density,
Distribution and location of drainage channels, as well as
their effect on redistribution of runoff.

In order to more confidently model the impacts of climate change,
it is essential to relate precipitation and recharge more
accurately. Dr. Czarnecki was optimistic that this relationship
will be better understood as a result of the studies at Yucca
Mountain. He used long-term averages in precipitation and backed
out recharge from those estimates. On the basis of this, coupled
with other information, such as packrat middens, estimates of
maximum increase of precipitation (approximately twice the
present rate, based on Dr. Spaulding's work), he estimated an

Minutes-Working Group on Impact of
Long-Range Climate Change in the Area
of Southern Basin & Range Nov. 18, 1992

14

eleven- to twelve-fold increase in recharge. Rounding up to 15
times the present recharge, his model indicates a possible 120130 m rise in the water table under Yucca Mountain.
When factoring in surface discharge and the altitude, the model
predicts that the water discharges as quickly as it infiltrates,
even at the 15-fold recharge rate.
Dr. Czarnecki discussed some ongoing work and future lines of
inquiry to be pursued:
* Diatoms in sediments can indicate the past history of shallow
surface or ground-water environments.
* Root casks/tubes and worm borrows can also reveal past climate
conditions.
* Dating sediments is extremely difficult, but could lead to
information about the pH and chemistry of the ground-water
environment.
In the discussion following Dr. Czarnecki's presentation, the
following observations were noted:
* Caution was expressed that much of the information being
applied to Yucca Mountain has been collected on different
aquifers, even though they are part of the same system. Care
should be used when translating properties.
I
* It was observed that in the climate change arena. the objective
is not Dredicting the future using the past. but rather to use
the Rast as a means of validating models. which can be used to
Dredict the future.
* Even with a 30-fold increase in recharge, the water table does
not appear to rise up into the repository.
Dr. Jonathan Overpeck. National Geophysical Data Center- Role of
Paleoclimate Data
Dr. Overpeck indicated that he would concentrate on paleoclimatic
data and its role in anticipation of future change from more of a
global perspective. He also indicated that he would include a
discussion of modeling climatic systems and the use of data in
that context. His major points were:
* Climatic uncertainty is unavoidable - in effect, one cannot
know what the precipitation will be in the future. The past
record of paleoclimatic data cannot be used to predict future
conditions.
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* Models and data can only reduce uncertainty; they only provide
a range of scenarios, but cannot predict what actually will
happen.
* Climatic surprises are possible, which are not reflected in the
past data record, but yet can significantly affect the
environment of interest. As an example, he cited the North
Atlantic deep water formation from glacial times being "shut
down" dramatically, which caused demonstrable effects on a
global scale. This was not recognized until paleoenvironmental
data revealed this occurrence. What other surprises has the
present scientific community not discovered, and what
confidence does the scientific community have that such
surprises can be effectively predicted?
* Given the previous considerations, Dr. Overpeck recommended
that the waste be retrievable, in the light of the
uncertainties in the modeling, the data, and the possibilities
of climatic surprises.
Various participants speculated whether single dramatic natural
or artificial events could produce the kind of results that Dr.
Overpeck ascribed to climatic surprises. Dr. Hatcher suggested
volcanic eruptions. Both Drs. Overpeck and Crowley indicated
that volcanic eruptions are too short in duration to-have that
kind of effect -such as flattening out the C02 atmospheric
concentration curve. Three to four major eruptions per year for
a couple of decades would be necessary to influence the climate
to that degree.
In discussing the role of paleoclimatic data, he described three
steps:
1. Use the past record to understand how the climate system
operates, especially in terms of the long-term variability.
2. Use the paleoenvironmental data to validate the models, which
will be used to predict future climate.
3. Use the long-term data record to provide a perspective, which
will aid in separating naturally-induced changes from those
that are human-induced; e.g., what changes are due to fossil
fuels?
He stressed that there are no paleoclimatic analogs to aid in the
prediction of future climates; the existing level of Co is one
of the many climatic forcing mechanisms that are very different
than those from the past. The changes in insolation, other trace
gases, ice volumes, ambient ocean temperatures, atmospheric dust,
etc. could lead to the possibility of one of the climatic
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surprises, which Dr. Overpeck mentioned previously. As a result,
models are necessary so that the changing forcing functions can
be factored into the climate prediction process. The models are
validated by inserting the boundary conditions of the past
dictated by the paleoclimatic record; the results of these
simulations are then compared to the present climate to determine
how legitimate the model is.
One of the reasons justifying the need for global modeling -even when the concern is focused on climatic change at Yucca
Mountain -- is that some climatic forcing functions find their
root and effect in the global setting; e.g., global
warming/greenhouse effects. The issue is not whether greenhouse
warming will occur, but rather how much and at what rate.
It is
a global phenomenon, not fully understood when restricted to
regional considerations.
Dr. Overpeck raised the issue of the lack of the availability of
data in the public domain. Furthermore, the need is for data for
multiple climatic variables, beyond temperature, moisture and
precipitation. Moreover, there are many sources of data; e.g.,
lake levels, middens, pollen spores, tree rings, and corals (for
lower latitudes).
Dr. Overpeck indicated that all these data are
still not fully integrated, but as they become more available,
the integration is being done.
Dr. Thomas Crowley. Applied Research Corporation- Global Modeling
of Climatology
Dr. Crowley indicated that global modeling is necessary from two
perspectives:
1. Global circulation changes affect the southwestern U. S.
climate.
2. Global climate establishes the forcing functions used as input
in the regional modeling; e.g., global warming.
He cautioned the Working Group that sole reliance on
paleoclimatic observations would be inadequate, since the
greenhouse perturbation would likely have a strong influence in
future modeling of climate. He displayed a figure indicating
temperature changes over the next 20 thousand years, which
corresponded to over 20 million years in the past. The figure
indicated that the forcing mechanisms for the future would likely
be different; for example, doubling of the CO2 in the atmosphere.
He noted that there are sufficient amounts of fossil fuels to
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justify a potential for a six-fold increase of CO2. Due to the
radically different boundary conditions, models provide the only
means for estimating future climatic conditions.
However, Dr. Crowley observed that there is reason to believe
that the greenhouse effect is going to be "washed out" of the
system, as a result of buffering with deep sea carbonate
sediments over a period of a few thousand years. Modeling ice
volume fluctuations, which ignores the possibility of greenhouse
warming, seems to indicate near-term climatic conditions (+/10,000 years) similar to the present.
Dr. Crowley referred to a previous'remark regarding the Traverse
Range rising 3 km in a million years with regard to the effect on
the regional climate. An ice sheet rose 3 km in 10,000 years,
and for atmospheric reasons, it had the same effect on diverting
the jet stream and causing increased moisture flow from the
Pacific Ocean into the southwestern U. S.
This indicated how
global events influence the regional climate.
Dr. Crowley discussed the elements in modeling climate, the first
of which is development of a model for past and future climates.
This then is followed by hindcasting by use of the model with
the paleoclimatic data for calibration purposes. After this
validation step, forecasting with the greenhouse perturbation
forcing will be the next step. The various models are run
through this process, and the outputs are'synthesized and fed
into the NCAR Meso-scale Model Simulations, which result in the
regional scale forecasts.'At present, validation and verification
of the models is nearing completion.'
In response to Dr. Hinze's concern, Dr. Crowley indicated that
the modeling effort is attempting to bound the scenarios to
include "climate surprises.' Dr. Crowley elaborated that the
bounding envelope includes an 8-fold increase in CO2 and a
superglaciation. Dr. Overpeck stressed a need to couple
processes in the modeling, such as oceans, atmosphere,
cryosphere, etc. In response to Dr. Foland's question regarding
the effect of other gases --

besides CO2 --

Dr. Crowley indicated

that the 8-fold increase of CO2 would include effects from other
gases, as well.
Dr. Crowley proceeded to discuss future efforts in hindcasting
focusing on past climatic variations. Three basic scenarios will
be addressed:

-
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1. Last glacial maximum simulation - Different global climate
models (GCMs) -- sometimes referred to as global circulation
models -- will be used in conjunction with the assumption of
high lake levels.
2. Interstadial simulation in conjunction with a small ice sheet.
3. Superglacial simulation and comparison with past time periods
suspected of having undergone a superglacial interval.
Some of these simulations are necessary, because of the overly
high assumptions of the height of the orographic ice sheet, which
caused bifurcation of the jet stream in the southwest. Whether
there will be a significant response to this change is unknown.
He indicated that there is reason to believe that preWisconsinian ice fields had moved farther south than they did at
the glacial maximum. He suspects that the greenhouse simulations
would be delayed for a few years.
In these, increased CO2
simulations would be performed to envelop the range of
temperature and water vapor which could be expected. Dr.
Overpeck noted that the same levels of CO can lead to
temperature variations, because of other factors such as the
presence of clouds.
Dr. Hinze asked whether there is sufficient data to perform a
meaningful hindcast. Drs. Crowley and Overpeck indicated that
there were enough data to make a rough cut at a hindcast, but
that there are some limitations; e.g., the existing data are
adequate to hindcast up to 20,000 years, but no further. Some
discussion followed with reference to the access to and
availability of existing data held by various modeling efforts,
such as CLIMAP (climate: Long-Range Investigation Mapping and
Prediction) and COHMAP (Cooperative Holocene Mapping kroject);
there does not seem to be much cooperation in this area. The
National Geophysical Data Center (NGDC) is focused on making all
these data available.
It was stressed that data need to be
properly interpreted for the modelers with the involvement of the
data collectors. In response to Dr. Hinze's question regarding
this interface, the participants noted that the COHMAP group was
a very good example of how the observationists and modelers
interfaced, but there was no formal or binding arrangement to do
so.

The discussion proceeded to the auspices under which these
climatology efforts were being performed; specifically, which DOE
Study Plans controlled these efforts? It was not clear which
Study Plans were involved and what the status of the Study Plans
were. It was pointed out that the Study Plans were more directed
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to establishing a strategy and methodology for dealing with the
climate change problem; specific models would change as the bank
of knowledge improved.
Dr. Steindler took issue with the apparent open-ended nature of
this effort; he specifically asked whether the goals to which the
modeling efforts were directed were justified in light of the
potential impact to the repository performance. Dr. Crowley
pointed out that reduction of the uncertainty to 50-100 percent
would be the optimal goal. He justified this by a graphic
representation in which, regardless of the increase of C02, the
net evaporation --

depicted latitudinally --

varied by less than

a factor of two. He speculated that with the geologic conditions
at Yucca Mountain and with the range of uncertainty and
scenarios, the water table would not rise sufficiently to
endanger the site. For Dr. Mifflin's benefit, Dr. Crowley
described the type of output from the global model, including
precipitation, radiation (at the top of the atmosphere and at the
Earth's surface), cloud cover, evaporation, and seasonal
temperature. These would be used in forcing functions, which
would be input for the regional model.
Dr. Starlev Thompson. National Center for Atmospheric Research ModelinQ of Regional Climates
Dr. Thompson began by stressing the necessity of close
coordination between the regional and global modelers in climate
change. In effect, the outputs of global models tend to be
significant inputs to the regional modeling efforts. He listed
the overall summary of his presentation at the beginning; this
included the following observations and conclusions:
* GCMs lack sufficient resolution for regional-scale impact
analysis.
* Global modeling/fluid dynamics models can be applied to the
regional scale over a limited spatial domain.
- The trade off is sacrificing spatial domain for horizontal
resolution.
- The codes consist of fluid dynamics simulation for
atmospheric circulation on a rotating sphere.
* NCAR has developed such regional climate models (RCMs); these
are being applied at Yucca Mountain.
- These can simulate weather down to the minute scale for
regional mesoscale climate models.
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* RCMs require continually updated boundary conditions from
global models; this is a function of their limited space
domain.

* Results are promising, specifically for modeling orographic
effects such as rain shadowing.
In response to Dr. Hinze's question regarding model resolution,
Dr. Thompson indicated that GC~s are limited to 200- to 300-km
grids; RCMs being used have a resolution of 60-km grids. There
are tradeoffs between degree of resolution and run time; that is
why most GCMs are fairly coarse. Because coarse-grid resolution
does not resolve mesoscale atmospheric circulations and local
forcing conditions/features are poorly represented (e.g., complex
topography at Yucca Mountain), regional climate modeling becomes
necessary.
The technique used to execute the RCM consists of parallel
processing the GCM with the embedded RCM, in order to simulate
the regional response to sub-GCM-grid scale forcing. Due to the
computational impracticality, this is a one-way nest; i.e., the
results of the RCM are not factored into the input of the GCM.
It is also believed that the scale effects from the Yucca
Mountain site are not likely to significantly affect the global
climate regime. This is still in the hypothetical stage.
Dr. Thompson indicated that, at present, information from
reliable weather forecasting centers is used as input, and one
interpolates the information to the RCM domain of interest. The
weather data serve as initial conditions, which are updated every
6-12 hours to form the boundary conditions. He observed that the
longest RCM integration was three years; e.g., to model three
years worth of meteorological data. In response to Dr. Okrent's
question regarding the nesting, Dr. Thompson identified some of
the variables through which the nesting occurred; these include:
*
*
*
*

U and V wind components (controls flow into the grid)'
Temperature
Water vapor
Surface pressure.

1 U and V denotes Cartesian unit vectors describing northsouth and east-west wind flow directions. This terminology is very
specific to meteorology.
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Dr. Thompson discussed the development of the RCM at NCAR. The
RCM uses the mesoscale model 4, which was co-developed at Penn
State University and NCAR.
He also singled out the biosphereatmosphere transfer scheme (BATS) component, which simulates
heat/moisture transfer between vegetated land surface and
atmosphere. Infiltration can be addressed using the multi-layer
soil model, which models evapotranspiration. This type of detail
in addressing significant mechanisms can only be attempted using
an RCM.
The regional climate modeling at Yucca Mountain is scheduled in
three phases. The first phase is the present climate validation
analyses, using present-day climate situations - this is nearly
completed. Phase 2 consists of using GCM paleoclimatic boundary
conditions to drive the RCMs to perform a paleoclimatic
validation analysis; this is just beginning. Eventually, using
future climate scenarios, Phase 3 will involve the use of GCM
boundary conditions from these scenarios to drive RCM
characterization of future Yucca Mountain climates. This phase
will begin in FY 94.
He cautioned the participants regarding limitations of this
approach; these included:
* The length of the scenarios are too short; run times are
prohibitively expensive to average 30-50 years of simulations.
* There is unquantified uncertainty with regard to the model
resolution's dependence on the spatial resolution. It is too
expensive to produce 10-20 km grids.
* There are concerns regarding the fidelity of the precipitation
simulation, especially in terms of the summer precipitation.
* There is concern that the NCAR group is pushing the state-ofart in the subject; there is no one else this advanced with
whom to compare.
* There is a lack of coordination between the modeling effort and
the needs of the hydrologists studying the Yucca Mountain site.
Some positive features include:
* One avoids having to project the past into the future by using
physical modeling approach.
* This approach is well-accepted in, the atmospheric modeling
community.
* Because of the physical approach, there is a built-in upgrade
path for future research (improved computation mechanisms).

-
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In response to Dr. Foland's question on using the model to
hindcast, Dr. Thompson indicated that there is no way that these
models can perform time series for a thousand years. The
approach is to collect a range of climatic scenarios from the
past and to use them to match up possible future scenarios by
varying boundary conditions. Dr. Thompson indicated that the
NCAR RCM did not track stable isotope composition in the
precipitation. Dr. Overpeck indicated that it would not be that
difficult to track oxygen and deuterium in the water.
Dr. Forester indicated that much of the data set being discussed
does not exist; some of this information is just now being
collected. A discussion ensued regarding the DOE budget cycles
and the expectation that the necessary data will not be available
when previously forecast. Although some data on pollen and
packrat middens are available, there appears to be a disconnect
with regard to the lake level data.
A discussion followed regarding the rationale used in going from
global point-type data to regional boundary condition driven
models. Why not derive a site-specific point model driven by the
global model? Dr. Thompson indicated that the original approach
had attempted to do that. An empirical statistical site model
was abandoned because it lacked sufficient rigor. However,
future modeling efforts could use the results of the regional
model to develop a "point" model solution.
Dr. M. Mikias. Center for Nuclear Waste Regulatory Analyses - NRC
Staff and CNWRA Perspectives on Long-Range Climate Change and Its
Effect on Yucca Mountain
Dr. Miklas addressed his comments to the future climate scenario
in Phase 2 of the NRC's HLW iterative performance assessment
(IPA). He indicated that the first step is to define reasonable
climate scenarios for Yucca Mountain. The NRC's approach evolved
from predicting the climate with sufficiently useful resolution
for estimating consequences of climatic change. The method
consists of:
* Analyzing the paleoclimatic record to define bounding climate
changes.
* Estimating water table fluctuations under various recharge
rates.
* Combining the results with other scenarios; e.g., formation of
volcanic dikes.
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He reiterated the limitations of GCMs; e.g., the grids are too
coarse, yielding no treatment of diurnal cycles nor of meridional
Due to the smoothing effect, GCMs are not
ocean heat transport.
useful in predicting climatic effects at individual sites;
specifically the mountain range shadow effect on atmospheric
moisture/precipitation is not exhibited. For the purposes of
IPA, GCMs are not useful. Other options, such as investigating
atmospheric (air masses) dominance as an analog, also proved to
be too complicated for the IPA effort. Dr. Miklas also
considered the paleoclimatic record, which revealed an inverse
relationship between temperature and precipitation; i.e., as
temperatures decreased, the precipitation increased (maximum
precipitation having occurred approximately 15,000 years ago).
Dr. Miklas displayed graphical information of Swedish
investigations, which predicted a growth of glaciers in the next
5000 years, which would lead to a compression of 300 m of the
land surface in Sweden. The lesson was to tailor the analysis
and performance assessment to periods which are meaningful.
Since the glaciers' impact would far outweigh any concern
regarding the repository, there did not seem to be a purpose in
assessing performance or climatic impacts in Sweden beyond 5000
years.
In the end Dr. Miklas integrated his investigations to provide an
upper estimate of 50 percent precipitation increase over a
10,000-year period -- for Yucca Mountain. However, the input for
the IPA was infiltration. PORFLOW is a multifluid, multiphase
model for simulation of flow, heat transfer and mass transport in
fractured porous media. It was developed by Center for Nuclear
Waste Regulatory Analyses. In effect, the climate was indirectly
reflected by a range of boundary conditions on parameters, such
as the infiltration rates. However, much finer resolutions are
obtained; specifically, 50 mile (31 km) horizontal resolution.
The goal of this exercise was to determine whether a more
intensive investigation of potential climate change was needed.
The measure was the impact from varying climatologic parameters,
such as infiltration.
The model was exercised with increasing recharge rates:
* With the recharge rate 10 times higher, the water table rose
approximately 40 m.
* A graph was produced relating recharge to water table
elevation, and even at 30 times the recharge, the water table
rises only approximately 125 m.
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* Without the permeability barriers north and east of the site,
the recharge can lead to water table elevations, which could
lead to problems at the site.
Dr. Miklas noted that many of these analyses, including the
effects of dike orientation, are contained in a NUREG contractor
report to be published in the near future.
Mr. Johnson (Woodward & Clyde) questioned the anomalous
juxtaposition of the precipitation plots, which indicate arid and
warm condition, in light of midden studies indicating the wettest
of the climatic conditions at the same point in time. Dr.
Overpeck speculated that radiocarbon dating may have been used
for the middens; such dating methods are inconclusive beyond
30,000 years.
Drs. Okrent and Crowley discussed the feasibility of determining
the variability of climate over the smaller regional nodes; Dr.
Crowley indicated that this was being planned.
Mr. J. Trapp (NRC) had the following observations:
* The planned climate studies appear to be overly ambitious in
light of the expected funding.
* The NRC staff has not seen the DOE Study Plans referred to in
the presentations.
* It was not clear whether these efforts using climate models
would significantly improve understanding in time for the
licensing decision. If that is the case, this effort should be
terminated.
* Every presenter indicated that under no foreseeable scenario
does the water table rise above 200 m. If there is confidence
that the repository won't be flooded, why are we wasting time
on modeling?
Drs. Chery (NRC) and Miklas indicated that this climate/flux
study effort is embedded in Phase 2 of the HLW IPA; the
preliminary conclusion was that climate change was not a
disqualifying condition, in and of itself. However, as the
iteration of IPA progresses, other factors may complicate this
conclusion.
Dr. Crowley observed the following two points about the need for
global modeling:
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* It will be the only source of independent justification of the
upper estimate for the precipitation (twice the present) for
the Yucca Mountain site.

* Important information is being obtained at the cost of onethree-hundredths of the entire Yucca Mountain effort.
Dr. Chery asked whether the recharge had been considered in the
studies of the Sonoran Desert, where the rainfall is
approximately double that of the Yucca Mountain site. He had
some difficulty accepting 15 times increase in flux with just a
doubling of the precipitation. Dr. Forester responded that
insufficient information had been collected to know whether
doubling or orders-of-magnitude increase in precipitation are
even appropriate considerations.
Dr. Overpeck stressed that significant improvement should occur
over the next 5-10 years in the models being used; in any case,
the decision that will be made for Yucca Mountain will
necessarily be based on model predictions. Dr. Czarnecki
observed that other disciplines will use the results of the
climate models; for example, predicting surface water conditions,
and the effects of net radiation/average temperature on
evapotranspiration, etc.
Dr. Foland raised some concerns:
* There did not appear to be an investigation to determine what
recharge factor is the break point; i.e., what recharge floods
the repository?
* How well is this factor and its effect on the repository
understood?
Dr. Czarnecki responded by noting that his studies were based on
steady-state simulations; only recently did he obtain an adequate
transient-system simulator. This could change the recharge
impact. However, the simulation is complicated by the choice of
an appropriate storage coefficient for the system. These factors
may play a large role in characterizing the potential water table
rise.
Dr. Okrent questioned extending climate modeling to ice ages,
since the EPA's choice of the 10,000-year performance period was
to avoid such futuristic complications. There might be some
value in getting-upper bounds on certain processes or parameters,
but otherwise extended-period modeling should be avoided.
However, global to regional modeling should not be excluded as a
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result of a determination that climate does not disqualify the
site; there are other parameters and analyses which would rely on
climatic model analysis. Dr. Crowley indicated that the ice age
events are modeled and used because of the need to validate the
models themselves, not for purposes of compliance during glacier
events.
Dr. Pomeroy voiced a concern that given the same data, climate
scientists are reaching inconsistent interpretations. He
questioned whether further investigations would still not resolve
the issue, even if significantly more data and analyses have been
provided. Dr. Overpack speculated that there will be a reduction
of some of the uncertainties.
Dr. Steindler questioned whether the modeling efforts were going
to provide an adequate prediction of the future, or whether the
modeling will result in a recognition of the chaotic nature of
the phenomenon -- this being useless for licensing or decision
making. specifically, he questioned whether the modeling effort
by NRC will provide information for evaluating the DOB's
application. ge also criticized the lack of a methodology for
the selection of the "best" model or even why global, instead of
using local bounding models, are used.
Dr. Richard Crawley (DOE) indicated that all but one of the
pertinent Study Plans -- relating to climatology -- have been
issued and have been transmitted to the State of Nevada and NRC.
The last one should be available in the next few weeks. The
future climate modeling Study Plan is being revised and will be
available in FY 93. He did acknowledge that funding is a very
unpredictable factor.
Mr. Steven Milloy. Federal Focus. Inc.
Mr. Milloy asked to address the Working Group. He observed the
following:
* There is no scientific basis for the 10,000-year period in the
EPA standards.
* Shouldn't the ACNW recommend that EPA address other time
periods?
C. Johnson. State of Nevada
Mr. Johnson indicated that the State of Nevada had only seen four
of the seven Study Plans on this topic. Dr. Crawley took issue
with this statement, questioning whether there are seven Study
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Plans for climatology. Dr. Crawley indicated two or three are
not presently in final form and published, but that these should
be available in very short order.
Dr. Hinze thanked the participants and encouraged them to provide
to the ACNW any additional thoughts in writing. He then
adjourned the meeting at 6:12 p.m.

(NOTE: A transcript of the meeting is available at the NRC
Public Document Room, Gelman Building, 2120 "Llt Street, N.W.,
Washington, D.C. Telephone:
(202) 634-3383 or can be purchased
from the Ann Riley & Associates, Ltd., 1612 K Street, N.W.,
Washington, D.C.
20006]
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