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EXECUTIVE SUMMARY

Pacific Northwest Laboratory (PNL) and Westinghouse Hanford Company
(Westinghouse Hanford) are collaborating on a field study of the effects of gravel
admixtures on plant growth and soil water storage in protective barriers. Protective
barriers are engineered earthern covers designed to prevent water, plants, and
animals from contacting buried waste and transporting contaminants to ground-
water or the land surface. Some of the proposed designs include gravel
admixtures or gravel mulches on the barrier surface to control soil loss by wind and
runoff.

The purpose of this study is to measure, in a field setting, the influence of
surface grave! additions on soil water storage and plant cover. The study plots are
located northwest of the Yakima Gate in the McGee Ranch old field. Here we
report the status of work completed in FY 1989 on 1) the creation of a data
management system, 2) a test of water application uniformity, 3} field calibration of
neutron moisture gages, and 4) an analysis of the response of plants to various
combinations of gravel admixtures and increased rainfall.

The data management system was set up on the PNL H-VAX to establish
consistent field data collection procedures, document and verify computer data
entries, and standardize data analysis and graphics programs. Data acquired and
entered routinely include monthly precipitation, enhanced rainfall (irrigation),
monthly neutron moisture probe readings, and semi-annual plant cover
measurements.

Irrigation uniformity was measured as part of an evaluation of the water
application procedure. Water is applied monthly to half of the study piots using a
conventional irrigation system. The purpose of the irrigation treatment is to
simulate the combined effects of surface gravel admixtures and a wetter ciimate on
plant growth and soil water storage. The irrigation amount is calculated as the
difference between twice the monthly average rainfall and the ambient rainfali
recorded at the Hanford Meterological Station. To test uniformity we placed
collection cans on study plots using a stratified random sampling design and then
ap.plied about 4 mm of water. We found littie difference between the voiumes of
water collected at the center and at the perimeter of plots. However, plots closer to



the pump received more water than plots farther away from the pump.
Improvements in the water application procedure are recommended, accordingly.

Wet and dry test plots were constructed for a linear regression calibration of
the neutron hydroprobes that have been used during the course of the study. The
hydroprobes are used to monitor water storage changes. The calibration data
consisted of paired neutron counts and water content (mass basis) at several
depths within the test plots and soil bulk density to convert water content to volume
units. We found that calibration functions did not change significantly with depth,
and therefore, a single calibration will be used for each probe. These calibrations
are needed for analyses of treatment effects on soil water storage.

The effect of gravel admixtures on plant gowth is a key issue in designing
protective bamriers. Gravel may be necessary to curb soil loss, especially during
dry years when vegetation alone may be inadequate. However, if the gravel layer
is too thick, it may increase water infiltration, retard evaporation, inhibit plant
establishment, and thus restrict the cycling of water back into the atmosphere. By
comparison, a thin gravel veneer or a gravel admixture may enhance plant growth
and thus improve barrier water relations.

Plant cover has been sampled twice yearly for 3 years using an ocular point-
intercept instrument. Plant species composition and cover were no different on
plots with gravel admix than on plots without gravel. However, a more diverse
species composition established on plots irrigated with twice the annual
precipitation than on non-irrigated plots and plant cover was greater. These
findings are in agreement with the preliminary results of a companion study in
which the effects of a variety of surface treatments on plant biomass and soil water
balance are measured in lysimeters.



EXECUTIVE SUMMARY ... ... e et iii
1.0 INTRODUCTION ... et i e s 1
2.0 STUDY DESIGN ... i i e ettt er e e 3
21 STUDY AREA ... 3
2.2 HYPOTHESES . . ..o it i 3

2.3 TREATMENT S ... e e i 5
2.3.1 Gravel Admixtures . .. ...t e 6

232 Vegetation .. ... .o i 6

2.3.3 Precipitation Enhancement . .......... ... ... L 8

24 EXPERIMENTALDESIGN ... ... . i i einaan 9
3.0 DATAMANAGEMENT SYSTEM . ... ... i i ee s 13
4.0 IRRIGATION RECORD ANDUNIFORMITY ......... ..o 17
41 IRRIGATION RECORD . ... ... i i e e 17

4.2 IRRIGATION UNIFORMITY. ... .. i i ee e enas .20

5.0 NEUTRON HYDROPROBE FIELD CALIBRATION ...................... 23
0.1 METHODS . . e 23

5.2 RESULTS L. e 24

6.0 PLANTCOVERRESPONSES. . ... .. e e 29
6.1 DATA COLLECTION AND ANALYSIS. ....... ... . i 29

6.2 RESULTS AND DISCUSSION ... ... eiees 30

7.0 REFERENCES .. ... i e et 35



2.1
2.2
3.1

4.1

4.2

5.1

5.2

5.3

5.4

6.1

6.2

EIGURES
Locations of the Gravel Admix Field-Plot Experiment................... 4
Split-Split-Plot Design Structure tor the Gravel Admix Field Experiment .. 10

Schematic Drawing of the Gravel Admix Field-Plot Experiment Data
Management System ... ... e 14

Sprinkier Irrigation System for the Gravel Admix Field Experiment .. .. ... 18

Irrigation Sampling Strata on a Whole Plot in Relation to the Spray
Pattern and the Position of Neutron Hydroprobe Access Wells .......... 21

Calibration Curves for the Ripped Zone and Below the Ripped Zone
for the Westinghouse Hanford Company Neutron Hydroprobe .......... 25

Field Calibration for the Westinghouse Hanford Company Neutron
Hydroprobe .. ... e 26

Field Calibration for the Pacific Northwest Laboratory Neutron
Hydroprobe ... ... e e 27

Field Calibration for the New Westinghouse Hanford Company
Neutron Hydroprobe ... i 27

Percentage Cover by Cover Class (Total Vegetation, Agropyron Species,
Bromus tectorum, Salsola kali, and Gravel) for 1987, 1988, and 1989 in
Piots that were Treated with 15%, 30%, or No Gravel Admixture and then
Either Irrigated or Not irngated. .. ...... ..o i 31

Dry Weight Biomass of Cheatgrass for May 1989 in Lysimeters Treated

with 30% Gravel Admixture, an Equivalent Amount of Surface Gravel

Muich, or No Gravel, and then Either irrigated at a Rate Twice the

Long-Term Average Precipitation or Not Irrigated .. .................... 33

vi



2.1

2.2

2.3

4.1

4.2

5.1

JABLES

Treatment Structure for the Gravel Admix Field Experiment .............

Composition of Seed Mixture Sown and Fertilizer Spread _
on Gravel Admix Test Plotsat McGee Ranch ..........................

Treatment ASSIgNMENnt ........ .. i e

Irrigation and Precipitation Record for the McGee Admix Field
Plots, August 1987 through July 1989 . ........ ... ...coiiiiiiin...

Water Captured in Collection Cans for a Stratified Random Sampling
of irrigation Volume and Uniformity ................... ... ... it

Gravimetric Water Content and Dry Weight Bulk Density of Soils in the
Neutron Hydroprobe Field Calibration Plots at McGee Ranch ...........






1.0 INTRODUCTION

Pacific Northwest Laboratory {PNL) and Westinghouse Hanford Company
(Westinghouse Hanford) are working jointly to develop earthen protective barriers
for the near-surface disposal of radioactive and hazardous wastes at Hanford.
Large volumes of wastes are currently stored at Hanford in a variety of near-surface
waste burial facilities. Demonstration of a defensible protective barrier that isolates
buried waste from environmental transport would offer planners an attractive
alternative to the more costly option of exhuming and hauling wastes to a deep
geologic repository. A multi-year research program is under way to assess the
long-term performance of protective barriers in preventing water, plants, and
animals from contacting buried waste and transporting contaminants to the
groundwater or to the land surface. This program has been charged with
demonstrating that barriers will satisfy established performance criteria for 10,000
years without monitoring, maintenance, or other institutional controls.

The proposed barrier design consists of a blanket of fine-textured solil
overlying a sequence of layers grading from sand to coarse gravel (USDOE 1987).
The fine-textured topsoil stores rainwater until it can be cycled back into the
atmosphere by evaporation and plant transpiration. This layered configuration is
based on a principle of soil physics called the Richards effect (Richards 1931),
which suggests that water will be stored in the soil layer and not pass into the sand
and gravel layers until the soil at the layer interface is virtually saturated. Reduction
in the thickness of the topsoil by excessive erosion could lower its capacity to store
water and result in unacceptable rates of water movement into underlying wastes.
Several studies funded by the Hanford Site Protective Barrier Development
Program are under way to test surface additions of gravel mulches and admixtures
for tong-term control of wind and runoff erosion (Ligotke 1989; Walters et al. 1990).
Incorporation of gravel into the surface of the barrier topsoil is intended to mimic
conditions that led to the formation of desert pavements that have remained stable
for thousands of years.

Although adding gravel to the barrier topsoil may control erosion, it may also
compromise the capacity of a barrier to cycle water back into the atmosphere. The
addition of surface gravel to arid land soils can increase water infiltration, reduce
the water storage capacity, and yield fewer grasses and more shrubs and forbs



(Nichols et al. 1984). Therefore, the Hanford Site Protective Barrier Development
Program includes studies to measure the effects of gravel additions on soil water
storage, surface evaporation, water drainage through the barrier, plant abundance,
and plant water extraction (Waugh and Link 1987; Link and Waugh 1983; Gee et
al. 1989).

Here we report the status of work conducted in FY 1988 on a field-plot study
of the influence of gravel admixtures on soil water storage and plant abundance
(Waugh and Link 1987). Included in the report are 1) descriptions of the
experimental design; 2) a description of the data management system set up for the
project; 3) the results of a water application uniformity test, which is part of a wetter
climate treatment in the experiment; 4) the results of a field calibration of neutron
moisture gages; and 5) the results of a 3-year analysis of the response of plants 10
various combinations of gravel admixtures and supplemental water.
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