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ABSTRACT

The Hanford Site Permanent Isolation Barrier Development Program is developing an

in-place disposal capability for low-level nuclear waste for the U.S. Department of Energy at

the Hanford Site in southeastern Washington State. Layered earthen and engineered barriers
J

are being developed that will function in what is currently a semiarid environment (mean

annual precipitation and temperature of 16 cm and 11.8°C, respectively) for at least 1,000 yr

by limiting the infiltration of water through the waste. The Long-Term Climate Change

Task has specific goals of (1) obtaining defensible probabilistic projections of the long-term

climate variability in the Hanford Site region at many different time scales into the future;

(2) developing several test-case climate scenarios that bracket the range of potential future

climate, including both greenhouse warming and cycling into another ice age; and (3) using

the climate scenarios both to test and to model protective barrier performance. Results from

the Carp Lake Pollen Coring Project (subcontracted to the University of Oregon) indicate

that for the last approximately 100,000 yr the Columbia River Basin's long-term range of

mean annual precipitation ranged from 25% - 50% below to 28% above modern levels, while

temperature has ranged from "PC - 10*C below to 2"C above modern levels. This long

record provides confidence that such a range should bracket potential natural climate change

even if the earth cycles back into another Ice Age in the next few millennia.



INTRODUCTION

At the U.S. Department of Energy's (DOE) Hanford Site in south-central

Washington, efforts are underway to remediate radioactive and hazardous chemical waste

sites that have accumulated over the years from defense-related activities. The Hartford

Waste Management Plan (DOE-RL, 1987) and the Final Environmental Impact Statement for

the Disposal of Hanford Defense High-Level, Transuranic, and Tank Wastes (HDW-EIS)

(DOE, 1988) present several options for final disposal of the Hanford Site's radioactive

defense wastes. Implementation of these options could include the construction of a

protective barrier and warning marker system for low-level waste that may be disposed of

near the surface. The barriers would be designed to protect the accessible environment for at

least 1,000 yr and possibly as long as 10,000 yr by limiting water drainage to near-zero

amounts; reducing the likelihood of plant, animal, and human intrusion; controlling the

exhalation of noxious gases; and minimizing erosion-related problems. The baseline planning

document for development of permanent isolation surface barriers for the Hanford Site is the

Permanent Isolation Surface Barrier Development Plan (Wing, 1994). It identifies,

describes, and logically relates the tasks that are required to resolve the technical concerns

regarding b.'trrier.

Because of the time desired for waste isolation, long-term changes in the local climate

will have an all-pervading influence. Therefore, while formulating the final design criteria

and the engineering of protective barriers for low-level waste sites, projections of climatic



variability for the Hanford Site and surrounding regions are required. The lessons being

learned in this low-level waste climate change assessment program may be useful to other

climate change studies being conducted through high-level waste and other programs.

GLOBAL CLIMATE CHANGE

Climatologists accept that global climates have undergone significant variation in the

past and that such natural variations probably will continue (e.g., Crowley and North, 1991).

For instance, because of past changes to incoming solar radiation (astronomical forcing) the

earth has experienced about 10 glacial cycles during the last I million years, each about

100,000 yr long with a 10,000-yr-long interglacial period (Hays et al., 1976; Kukla, 1981).

The last interglacial/glacial cycle started with a 10,000-yr-long interglacial period, about

125,000 yr ago, that was followed immediately by a rapid growth of global ice sheets

beginning 115,000 yr ago. Glacial climate dominated the earth until about_l-2-,O00yr ago,

when continental ice retreated from its most southern extent in the Washington State. All

vegetation on earth experienced repeated stress from these glacial climates and interglacial

adjustments, including the vegetation of the Columbia River Basin in Washington State.

With each glacial cycle, the species displaced by climate, ice, water, and competition

responded through growth form, migration or selection, or faced local extinction. Based on

past geophysical evidence, we are probably cycling into the next glacial period (Imbrie and

Imbrie, 1980; Berger et al., 1984). Important questions include how soon and to what

magnitude natural climate change will occur, and what other confounding effects can be expected.



Although large uncertainties exists in our knowledge of climate, many climatologists

believe that future natural climates will differ significantly from current climates. However,

human activity apparently is rivaling nature's ability to produce climatic change as judged by

the potential impact of increasing carbon dioxide and other trace gases in the atmosphere

(Houghton et al., 1990). The cycle into the next ice age may be confounded by the steady

contribution to the atmospheric burden of carbon dioxide and other trace gases, produced

largely through fossil fuel use and possibly through deforestation. There is a growing world

concern that this "greenhouse effect" will lead to global warming without precedent in human

history within the next 50 yr. The potential greenhouse effect, which is possibly the most

important consideration for the next 1,000 yr, as well as the onset of the next glacial period,

suggest that the next 10,000 yr in the Columbia River Basin could have climate extremes that

could influence the performance of the protective barrier. Identification of those potential

extremes is important for proper barrier design to ensure that the barriers will function for

1,000 yr minimum (up to 10,000 yr), without maintenance. --- _

ENGINEERED BARRIERS

Westinghouse Hanford Company and the Pacific Northwest Laboratory are jointly

developing engineered barriers (Wing, 1994) for low-level waste site remediation. The

Hanford Protective Barrier Deve!ol_ment Program has a research team comprising experts in

soil physics, hydrology, geology and erosion, zoology, botany and range management, plant

physiology, quaternary climates, computer modeling, civil engineering, and project



management. Various protective barrierdesigns have been evaluated with simulation models

and natural analogs, and are being demonstrated in the field. The preliminary results from

these and other studies suggest that barriers designed of layered earthen materials may be

effective in limiting water infiltration and intrusion by plants and burrowing animals on a

1,000-yr time scale. A definitive protective barrier design is planned for completion by the

late 1990s.

The barrier and warning marker system consists of a variety of materials (fine soils,

sand, gravel, riprap, asphalt) placed in layers to form an above-grade mound directly above

the waste zone (Wing 1994; and this volume). A critical design feature of barriers is the

layering sequence. The basic design consists of a well-sorted cobble or basalt riprap layer

overlying an asphalt layer and topped with a finer textured soil layer supporting vegetation.

The multilayered barrier concept is based on a principle of soil physics called "the outflow

law" (Richards, 1950), which says, in effect, that water will not move from.the fine-soil

layer down into the coarse-rock layer until the soil at the layer interface is virtually saturated.

Given this principle, the performance of the multilayered barrier in precluding moisture

infiltration depends on (1) an optimum combination of topsoil depth and texture to retain

precipitation water near the surface, (2) a regular depletion of the water in this reservoir by

evapotranspiration so that soil at the layer interface remains uns,,turated, and (3) the

prevention of soil from sifting into underlying rock interstices. Aaso included is a

low-permeability layer, placed low in the barrier profile, to provide redundant moisture
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infiltration control. The basalt riprap layer will protect the asphalt from intrusion from

above by plants, animals, and humans.

PROTECTIVE BARRIER DEVELOPMENT PROGRAM

The Hanford Protective Barrier Development Program (BDP) (Wing, 1994) outlines

several studies that address specific issues related to the design and long-term behavior of

barriers. Fifteen groups of tasks are identified by Wing (1994) to resolve the technical

concerns and complete the development of barriers and markers. These groups of tasks are

as follows:

• Project management (MGT)

• Biointrusion control(BIO)

• Water infiltration control (WTR) ...... - _

• Erosion/deposition control (EROD)

• Physical stability testing (PHYS)

• Human interference control(HUM)

• Barrier construction materials procurement (MATLS)

• Prototype barrier designs and testing (BAR)

• Model applications and validation (MOD)

• Naturalanalogstudies(NAT)

• Long-term climate change effects (CLIlVD



• Interface with regulatory agencies (REG)

• RCRA equivalency (RCRA)

• Technology integrationand transfer crECH)

• Final design (DES).

(See Wing, 1994; Wing [this volume] for a more complete discussion of these tasks..)

An all-encompassing requirement in this process of designing and testing barriers is

an understanding of the interaction among design components and environmental factors.

Water movement within layered soil systems is closely related to changes in surface soils,

precipitation, temperature, and water extraction characteristics of plants. Changes in climate

also may alter the structure of plant and animal communities inhabiting the area and, thus,

the potential for biointrusion. Biointrusion studies may need to account for the influence of

climate on plant-rooting depths and the regional distribution and behavio_of burrowing

animals. Changes in plant cover, burrowing animal behavior, precipitation and temperature,

and wind regimes, may influence the stability of the barrier surface.

To address these concerns, the following tasks, described in Wing (1994), contain

within them elements that rely on information from Long-Term Climate Change Task:

• Animal Response to Climate Change (BIO-1)

• Plant Intrusion Tests (BIO-5)



• Field Lysimeter Test Facility and Other Lysimeters (WTR-2)

• Small-Tube Lysimeter Facility (WTR-3)

• Gravel, Vegetation, and Soil Water Interactions (EROD-I)

• Assessment of Potentially Disruptive Natural Events (PHYS-1)

• Microrelief Effects (NAT-6)

• Plant Community Dynamics (NAT-7).

BACKGROUND TO THE LONG-TERM CLIMATE CHANGE-EFFECTS TASK

(CLIM)

In the BDP (Adams and Wing, 1986), one of the early tasks identified was the need

to develop a study plan covering long-range climate assessment that adequately addresses this

and other barrier performance issues. In the early stages of the BDP, the Hartford Basalt

Waste Isolation Project (BWIP) was in the process of developing study pleas for _

characterizing long-term variability in the Hanford Site region in support of high-level waste

disposal. Of particular concern to BWIP was the potential effect of climate on the isolation

of waste in a geologic repository. The BWIP's multi-million-dollar work requirements were

developed in consultation with a panel of recognized leaders in climate modeling and

paleoclimate research (DOE-RW, 1988).

Before January 1988, the BDP was relying heavily on the high-level waste climate

program funded by BWIP, because the BWIP climate program would have generated much
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of the same information needed by the BDP. By tying into the BWIP climate effort for

high-level waste, BDP would have been able to acquire needed climate-related information

without having to incur the significant costs associated with generating the data. The BDP

would have funded and performed any additional climate work that was needed and was not

planned to be conducted by BWIP.

A decision was made early in 1988 to discontinue investigating the Hartford Site as a

possible location for a commercial nuclear waste repository for high-level waste. As a result

of this decision, BWIP is no longer in existence, and the BDP reevaluated its strategy for

obtaining needed climate information and developed the Long-Term Climate Change

Assessment Study Plan for the Hanford Site Permanent Isolation Barrier Development

Program (climate study plan) (Petersen et al., 1993).

DEVELOPMENT OF THE RESEARCH STRATEGY " '--" -

The climate study plans that were prepared for BWIP were reviewed for applicability

to the climate needs of the BDP. A draft version of the BDP's climate study plan was

written. In contrast to the BWIP approach, this plan proposes a focused, stepwise approach

to data acquisition whereby the complexity (and cost) will increase with successive tasks.

Decisions to progress will be based on assessments of the expected returns in improved

confidence relative to the required sensitivity and cost. The BDP's approach accounts for

potential future impact of greenhouse gases, something the BWIP approach did not address.

10



Figure 1 shows the relationship among long-term climate change assessment needs,

task, and objectives envisioned for the climate change task. Initiating the new climate task

requiredthat key climate parametersneeded by various other BDP tasks be identified. Once

identified, the key climate parametersmust be priority rated so that an orderly and

cost-effective approach can be taken to obtain the needed climate data. In addition,

identification must be made of the regulatory requirements and performance standards that

pertain to the effects of climate on the disposal of low-level wastes at the Hartford Site.

The ability to predictand defend the performance of protectivebarriersover _e next

1,000 yr and possibly as long as 10,000 yr, depends on at least the following two conditions:

1. An understanding of present environmental conditions that could compromise

long-term barrier integrity and performance as an aid to the development of a

proper barrier deign .... - -

2. An ability to predict climate changes and climate-induced changes in

environmental p:rocessesthat might adversely influence the barrier in the

future, so that appropriate design considerations can be formulated, tested, and

implemented.

To accomplish the objectives of the long-term climate change assessment task, both

paleoclimatic studies and future climatic projections must be closely linked, l.xx:alclimate

11



projections were to be model-derived estimates based on current climate, past climate, and

projected future global climatic controlling factors and bounding conditions.

The draft study plan was submitted to a peer review panel consisting of a number of

experts in paleoclimatic reconstruction and future climate projection. The review of the plan

was undertaken (August 28 - 29, 1989) at the draft stage so that an early interchange of ideas

regarding the document could assist in focusing the proposed investigation. The panel

recommended that the program could usefully be concentrated on several critical issues in

order to eliminate some unnecessary paleoclimatic studies, thereby influencing budget

economies and focusing the climate change assessment efforts. The panel noted that

emphasis should be given to detecting extremes that could make a difference in performance

of the protective barrier for up to 10,000 yr. These climatic extremes include changes in

temperature, precipitation, and vegetation related to greenhouse warming and the cycling of

the climate into the next Ice Age. - ......- -

The review panelists were Dr. Cathy Barnosky, Carnegie Museum of Natural

History, Pittsburgh, Pennsylvania (palynology); Dr. Brian Atwater, U.S. Geological Survey

at the University of Washington, Seattle, Washington (glaciation and other nonbiotic studies);

Dr. David Rind, National Aeronautics and Space Administration's (NASA) Goddard Institute

for Space Studies (GISS), New York (climatic modeling); and Dr. Roger Barry, Cooperative

Institute for Research in Environmental Sciences (CIRES), University of Colorado, Boulder,

Colorado (general climatology).

12



The comments received from the reviewers were used to finalize the climate study

plan (Petersen et al., 1993). Based on the recommendations of the review panel, a simplified

figure was developed that depicted various tasks and key decision points to be addressed in

the revised climate study plan (Figure 2).

The strategy being applied to accomplish this is a series of task studies th;lt'provide

for an understanding of the range and probability for recurrence of past climate change and

for a projection of potential future climate at the Hanford Site. These tasks focus on

identifying and characterizing historic and prehistoric climatic patterns through literature

review and specialized field studies. A local climate forecast model is to be developed that

will couple the past climate patterns with models of regional and global climate change to

provide test scenarios that can be used in barrier performance assessment. The ultimate

object of these efforts is to obtain defensible probabilistic projections of the long-term climate

variability in Hanford Site and Columbia River Basin region. ---_-- -

The overall objective of the Long-Term Climate Change Tasks is to accomplish the 0

following:

• Obtain defensible probabilistic projections of the long-term climate variability

in the Hanford Site and Columbia River Basin region for a number of time

scales into the future

13
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• Develop several test-case climate scenarios that bracket the range of potential

future climate

• Use the climate scenarios both to test and model barrier_erformance.

The tasks and subtasks in the climateprogramhave been numberedin the following

manner:

O. Task Administration

1. Identification of Climatic Data Needs

2. Synthesis of Existing Information

2.1 Modem Climatic Patterns

2.2 Holocene Paleoclimate Literature

2.3 Late Quaternary Literature .L_ .- _

2.4 Flood Records

2.5 Global Climate Modeling

3. Pollen and Lake Sediment Studies

3.1 Scablands Pollen Site Transect

3.2 Full Glacial Pollen Study

4. Fluvial Sediments and Ground Water Studies

4.1 Fluvial Indicators

4.2 Episodic GroundwaterRecharge

14



5. TerrestrialSedimentStudies

5.1 Studies of Eolian Processes

5.2 Faunal Indicators,

6. Past Climate/VegetationVariations

7. FutureClimate/Vegetation Projections

8. Local Climate Fo:_cast Model

9. ModelCalibrationandValidation

10.ProjectionofFutureClimates

11.GenerationofWeatherStatistics

12. Identificationof Future Spatial Analogs

13. Input to BarrierPerformance Assessment.

A status report, Long-Term Climate Change Assessment Task of the Hanford Site

Permanent Isolation Barrier Development Program: Sttuus through FY 1992 (Petersenand

Chatters, 1993), provides the accomplishments from fiscal year 1990 up through 1992.

Because of funding constraints, specific progress was made only in tasks 0, 1, 2, 3, 4 and 5,

as numbered above.



EXPERT TECHNICAL PEER RE'_rIEW AND VALUE ENGINEERING WORKSHOP

OF BARRIER DEVELOPMENT PROGRAM

A panel of technical experts was organized during fiscal year (FY) 1992 to peer

review the entire BDP. The first phase was to assess the scope of, need for, and results of

tasks being conducted or planned as part of the BDP and that was conducted March 9 to 11,

!992. Wing (1992) documents the peer review panels findings and observations on the first

phase. Written comments from panelist Dr. W. Geoffrey Spaulding (Dames and Moore,

Las Vegas, Nevada), who is a paleoclimate expert, were incorporated into the climate study1

plan.

A Value Engineering Workshop for the BDP was convened during the week of

February 8 to 12, 1993. The primary objective of the workshop was to provide an

assessment similar to the expert panel and provide input regarding the scope of and need for

performing the various barrier development tasks that have been identified by the barrier

developmentteam. Most of the BDP tasks were at various stages of completion and a

"rebaselining" of these tasks was needed because resources to conduct tasks were limited.

The results are documented in DOE-RL (1993).

Although climate change is an extremely important consideration that must be

considered for any long-term remediation or waste management activity conducted at the

Hanford Site, the VE workshop members concluded that the BDP should not be required to

J.6



entirely fund an important activity that would benefit many different programs across the

Hartford Site. Therefore, the VE workshop members recommended discontinuing any

additional climate studies support_ by the BDP at the end of FY 1993. The VE workshop

members felt that the remaining climate studies contained in the climate study plan still

should be performed, but recommended that they should be funded by larger programs with a

Sitewid¢ scope.

The VE workshop members further recommended that a document should be prepared

and published in FY 1994 that summarizes the climate-change assessment work conducted to

date arid that states (with supporting evidence) the climate change effects position taken by

BDP - most importantly that three times modem annual precipitation (i.e., 48 cm) is a

defensible upper limit for barrier prototype testing and modeling.

SUMMARY OF CLIMATE RESULTS TO DATE
• 9m,.. _. _--

The Hartford Site is located in the Columbia River Basin in south-central Washington

(Figure 3). The climate of this area can be classified as midlatitude semiarid or midlatitude

desert, depending on the climatological classification scheme being used. Summers are warm

and dry with abundant sunshine. Large diurnal temperature variations are common during

this season, resulting from intense, solar heating and nighttime cooling. Daytime high

temperature in June, July, and August can exceed 40°C. Winters, on the other hand, are

cool with occasional precipitation. Outbreaks of cold air associated with modified arctic air

17



masses infrequently reach the area and cause temperatures to drop below -18°C. Overcast

skies and fog occur periodically in this season.

The Columbia River Basin is in the rain shadow of the Cascade Range. These

mountains limit much of the maritime influence of the Pacific Ocean, producing a climate

that is more continental in nature than if the mountains were not there. The local

topographic features have significant effect on temperature, wind, and precipitation because

all air masses that reach the Columbia River Basin undergo some modification, resulting

from their passage over the relatively complex topography of the area. The climate of the

Hani'ord Site within the Columbia River Basin i: greatly influenced by the Cascade

Mountains beyond Yaldma, Washington, to the west. In addition to the rain shadow effect,

this range also serves as a source of cold air drainage, which has a considerable effect on the

wind regime on the Hanford Site.

Average monthly temperature at the HartfordMeteorological Station (HMS), 215 m

elevation, is 12°C (Stone et al., 1993). The unusual cool nights that do occur are a result of

cool gravity winds originating from the Cascade Mountains. Temperatures at the Hanford

Site are colder in the winter and warmer in the summer than if the Cascades were not

blocking the more equitable maritime climate to the west. The Columbia River Basin is

warmer during the winter than a site at an equivalent latitude on the Great Plains in the

_idcontinent, because mountain ranges to the north and east shield the area from many of

lS



the arctic surges that descend from Canada, and half of all winters are free of temperatures

of -18°C or lower.

Average annual precipitation at the HMS is 16 cm. November through January

contributes 44% of this total, while July through September contribute only 13%. About

38% of all precipitation during December through February is snow. Winter monthly

average snowfall ranges from 0.8 cm in March to 13.5 cm in January. Only one winter in

four is expected to accumulation as much as 15.24 cm on the ground. Four days is the

average seasonal number of days with 15.24 cm 9r more of snow on the ground.

Understanding the underlying causes of this modern climatic pattern in the Columbia

River Basin provides a basis for evaluating past and especially potential future changes that

might be important in any relatively long-term performance assessment. The Long-Term

Climate Change Task has specific goals of (1) obtaining defensible probab_.s_ticprojections

of the long-term climate variability in the Hanford Site region at many different time scales

into the future, (2) developing several test-case climate scenarios that bracket the range of

potential future climate including both greenhouse warming and cycling into another Ice Age,

and (3) using the climate scenarios both to test and to model protective barrier performance.

To understand why a long climate record is needed for the Columbia River Basin, the

following should be noted. For statistical validity a longer climate record is required than

19



for the period to be estimated. Typical, a record should be at least ten times longer than the

target period. For climate projectionsfor 1,000 yr to 10,000 yr into the future, then a

record as long as 100,000 yr is desirable. In addition, for projectionsabout the rate and

range of climate change associated with moving into the anotherIce Age, the last

interglacial/glacialtransitionprovides the only readilyavailable local analog.

Based partly on the recommendationsof the 1989 technicalreview panel and partly

the experienceof the authorsof the climate study plan, the following have been selected as

potential climatic extremes that have could impact the barriersperformance if such extremes

were to occur in the future:

• The last interglacial/glacialtransition(nominally 115,000 yr ago)

• The last glacial maximum(nominally 18,000 yr ago)

• The early Holocene (9,000 yr ago)

• The middle to late Holocene (6,000 and 3500 yr ago).

Literature review and some field work has been underway to characterize these periods. The

following provides a partial statusreport.

20
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The Carp Lake Pollen Coring Project (contracted to Golder Associates, Inc.,

Redmond, Washington, with a subcontract to Dr. Cathy Whiflock of the University of

Oregon) is a task directed at coring and analyzing the pollen from Carp Lake, near

Goldendale. Washington, 150 km southeast of the HartfordSite. This site completes a

northeast to southwest transect of pollen sites that cuts through the Columbia River Basin

(Figure 4).

The Carp Lake coring operation recovered nearly 20.2 m of lake sediment, providing

a record of past climatic changes dating back approximately the last 75,0C_3yr and more.

The age assignment of the core is base on 12 radiocarbon ages of bulk sediment and

tephrochronology. Depending on the age model applied, the core ranges in age between

66,000 and 104,450 yr. The preferred date is approximately 100,000 yr. The pollen record

is divided into nine assemblage zones that describe alterations between periods of montane

conifer forest, pine forest, and steppe. .. ....._

Results from the Carp Lake Pollen Coring Project indicates that for the last

approximately 100,000 yr the climate for Columbia River Basin was under the influence of

Ice Age climates. While continental glaciers expanded out of the area that is now Canada,

toward the present-day Washington State, the Columbia River Basin was much colder than it

is currently. These conditions lasted up until about 10,000 yr ago with little interruption.

21



During the last 10,000 yr, the climate in the Columbia River Basin warmed

significantly as the earth cycled out of the Ice Age and into climates more like the present.

Also, during the last 10,000 yr been periods have existed that were as much as 2_C warmer

(between 8,000 to 6,000 yr ago). Modern vegetation (and presumablymodern-likeclimate)

was established in the last 3,900 yr.

Based on the pollen evidence, the long-term range of mean annual precipitationare

estimated to have ranged from 25 % - 50% below to 28% above modernlevels in the

ColumbiaRiver Basin, while temperaturehave ranged from 70C- 100Cbelow to 2°C above

modernlevels. The long CarpLake recordprovides confidence that such a range should

bracket potential natural climate change even if the earth cycles backinto anotherIce Age in

the next few millennia. At no time have precipitation levels reach three times that of present

day (the amount taken as a upwardnatural bounding range for testing and modeling the

prototypebarrierdesign). . .... _

The Carp Lake core providesa recordof naturalclimate variation. Regional studies

are still developing about the potential impactof human-caused"greenhouseeffect," but good

preliminarywork is provided by Leovy and Sarachik(1991) and Franklinet al. (1991).

Most of the models predict increased temperature(Houghtonet al., 1990; Houghton et al.,

1992). However, the paleoclimatestudies for eastern Washington may provide a valuable

analog for greenhouse warmingbecause temperatures were judged to be approximately 1°C



to 2°C warmer 6,000 to 8,000 yr ago than that of today. When temperatures were higher the

conditions were slightly drier than current conditions.

As for changes in precipitation under greenhouse warming, the models arc not as

consistent in their predictions for the next 100 yr (Houghton et al., 1990; Crowley and

North, I991). The warmer atmosphere .will have a greater capacity to hold more water and

globally that may mean it will be wetter, but some regions will likely be effectively drier

because of the greater evaporation potential, as seems to be the case in the Carp Lake

record.

In spite of the potential future warming caused by the greenhouse effect, ultimately

this will be overwhelmed as we plunge into the next Ice Age. The Carp Lake pollen record

suggests that if glacial climates were to return to the Columbia River Basin in the next few

thousand years, a colder and drier climate would return to the Columbia River Basin.lira..:.._

Because the recovered sediment record at Carp Lake stopped short of the last

interglacial/glacial transition, which had been recommended for study by the 1989 technical

review panel, Golder Associates Inc., has been directed by Westinghouse Hartford Company

to go back to the lake with a commercial drilling rig mounted on a barge to take samples

from a longer record. This should provide specific information on the local climate

manifestations for the Hartford Site region and should provide specific information on how

rapidly the transition took place.
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Figure 1. The researchapproachdesignedto satisfy requirementsand needs.

Figure 2. Depiction of the strategyfor obtaininglong-term climatic datato aid in future

climaticpredictionat the HartfordSite in flowchartform.

Figure 3. The HartfordSite is located in the rainshadoweast of the CascadeRange in south-

central Washington.

Figure 4. CarpLake, located at the extreme southwestend of a southwest-to-northeast

transectof pollen sites that bracket the HartfordSite, is being 3tudiedby researchers at the

University of Oregon.
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