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ABSTRACT

Pacific Northwest Laboratory {PNL) and Westinghouse Hanford Company
convened a workshop in January 1987 to define key issues regarding the
impacts of climatic variability on the performance of protective Tayered soil
and rock barriers proposed for possible use at Hanford. Workshop partici-
pants concluded that the sensitivity of vegetation and evapotranspiration to
climate must be better understood before climate-change impacts on drainage
through the barrier and groundwater recharge can be adequately modeled. As a
result of this conclusion, workshop participants proposed measuring evapo-
transpiration and other water balance parameters in lysimeters constructed
around monoliths of undisturbed soil and mature vegetation, and located at
sites analogous to late-Quaternary pluvial and altithermal conditions.
Climate-analog sites would be selected based on reconstructions of late-
Quaternary vegetational patterns and model projections of future climatic
variability in the region. The lysimeter data would be input into a simula-
tion model of soil-water movement in barriers. The distribution of pedogenic
carbonates and radionuclides from nuclear weapons testing fallout would be
analyzed as independent indicators of past water movement in analog-site soil
profiles,






EXECUTIVE SUMMARY

A defensible evaluation of near-surface waste disposal strategies at
Hanford would account for climate-change impacts. Earthen protective
barriers, which are designed to impede water infiltration and biointrusion
into buried waste for up to 10,000 years, may be particularly sensitive to
climatic variability. A technical workshop was convened in January 1987 to
better define climate issues and key parameters that will be used in barrier
performance analyses, and to outline a recommended approach for quantifying
key parameters.

Workshop discussions focused on the problem of estimating climate-
induced variability in drainage through a barrier and the subsequent trans-
port of contaminants to the groundwater. It was hypothesized that drainage
across fine-coarse layer interfaces in the barrier occurs as a threshold
response to changes in soil-water storage. If this is true, drainage would
be relatively insensitive to climatic variability as long as soil-water
storage remained below the saturation threshold. Evapotranspiration (the
evaporation from soil and plant surfaces) would maintain soil-water storage
below the saturation threshold. Participants concluded that the sensitivity
of evapotranspiration to climate is a key issue that must be resolved before
climate-change impacts on drainage and groundwater recharge can be
quantified.

A preliminary task plan was developed that proposes a sequence of
studies needed to estimate evapotranspiration and to model soil-water move-
ment for a predictable range of climate changes over the next 10,000 years.
The first set of studies would reconstruct Tate-Quaternary Hanford vegeta-
tional and climatic patterns from poliens preserved in datable lake sediments
within and around the Pasco Basin. Second, if it can be shown, using
climate-forecast models, that late-Quaternary vegetation and climate bound
forecasts of future conditions, then a reconnaissance would be conducted to
identify sites at Hanford that are potentially analogs of pluvial and
altithermal conditions. Evapotranspiration and other parameters required for



modeling soil-water movement would be measured in mature vegetation at these
wet and dry climate-analog sites using monolith lysimeters. Finally, indica-
tors of past soil-water movement, such as pedogenic carbonates and chlorine-
36 from fallout from nuclear weapons testing, would serve as independent
checks of soil-water balance model simulations.
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stomatal resistance and leaf water potential, and phenological responses to
temperature and other climatic variables (precipitation, vapor pressure,
photosynthetically active radiation, and wind speed) would also be monitored.

5.2.5 Task 5; Climate-Analog Site Water Balance Simulation and Model
Validation

In this task, data obtained with the monolith lysimeters would be used
to validate UNSAT-H and, subsequently, to explore the possibility of detect-
ing drainage pulses through barriers for a range of vegetation and climatic
conditions. This model extended to two dimensions, or an alternatively
suitable two-dimensional model, would be developed if significant hetero-
geneity were found in soii-moisture profile data from the vicinity of the
altithermal- and pluvial-analog sites. If shown to be valid and if supported
by field data, the two-dimensional model would be coupled with the one-
dimensional models of evapotranspiration to enhance the credibility of
estimates of the impacts of future climatic variability.

5.2.6 Task 6: Chlorine-36 Tracer Investigation

The purpose of this task is to investigate chlorine-36, released from
nuclear weapons testing, as an indicator of water movement in layered soils
at selected climate-analog sites. During the mid-1950s, surface thermal-
nuclear tests injected relatively large amounts of chlorine-36 into the
atmosphere. Within 10 years, most of this pulse was distributed globally on
land and ocean surfaces. Given the hydrophilic nature of chloride, this
fallout putse would represent a 30-year tracer test for estimating net

infiltration and recharge.

The method would involve extracting cores from seiected soil profiles,
Teaching chloride from the samples, and then contracting with a Tab to
measure chlorine-36 in the extracted chloride with a tandem accelerator mass
spectrometer (TAMS). The TAMS technique is highly sensitive. Phillips et
al. (1984) analyzed chlorine-36 from desert soils in central New Mexico on a
TAMS and estimated 0.02 mm/yr net infiltration at a 5-m depth.

Soil cores from disturbed and undisturbed plant communities at the wet
and dry climate-analeg sites would be analyzed for chlorine-36 distribution.
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These analyses would be equivalent to 30-year tracer tests for recharge under
the expected range of vegetation and climatic conditions to which barriers
may be subjected.

5.2.7 Task 7: Pedogenic Carbonate Modeling

The objective of this task is to develop and validate a model of calcium
carbonate accumulation as a function of soil-water balance varijables. The
model would be used to estimate Tong-term drainage through layered soils at
selected climate-analog sites.

Calcic horizons and other caliche layers (layers of carbonate accumula-
tion) have been observed in many Hanford sediment profiles. The distribution
of carbonates in these sediments may be indicative of water movement patterns
over hundreds and thousands of years. If not of 1ithogenic origin, these
caliche layers are likely the product of bicarbonate equilibrium: carbonate
dissolution, bicarbonate translocation, and the reprecipitation of carbonate

_ a2t -
5 t H20 + CaC03 = Ca~ + 2HC03 (1)

co
If CO2 concentrations remain relatively high in these sediments, then the
depth of carbonate reprecipitation should be closely related to soil
hydraulic properties -- water is removed by evapotranspiration and the
reaction moves to the left. Therefore, the depth of caliche accumulation is
likely strongly dependent on soil-water flow and, thus, sensitive to changes
in mean annual precipitation and evapotranspiration.

The first phase of this task would be to characterize and confirm the
origin of carbonates in the selected soil profiies. This would include
descriptions of soil morphology and measures of bulk density and particle-
size distribution for samples with and without carbonates. Soil-moisture
parameters (hydraulic conductivity, plant-available water), elemental homo-
geneity of the parent material, carbonate distribution, and other chemical
indicators of pedogenic carbonates would also be measured. Micromorphologi-
cal features would be examined for evidence of carbonate precipitation,
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desiccation and CO2 loss. It may also be possible to distinguish pedogenic

and lithogenic carbonates using carbon-isotope analysis {(Rabenhorst, Wilding,
and West 1984).

A compartmental model, in which the soil column is represented by a
vertical sequence of compartments of equal thickness, would likely be used to
estimate water movement (McFadden and Tinsley 1985). Porosity, water-holding
capacity, CO2 content, and temperature would be specified for each compart-
ment. Water movement would be calculated as a function of carbonate
solubility, carbonate influx rates, and carbonate dissolution.
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