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communities. At the lower elevation of the waste management areas a sage-

brush/cheatgrass-sandberglbTuegrass community is dominant. Big sagebrush,

bitterbrush, rabbitbrush, balsamroot, tumble mustard and cheatgrass are the
major species (Cline et al., 1977).

The study area designated as Test Plots in Figure 1 is located on a
portion of a former 17-acre cooling water pond, known as the 216-S-17 or
Redox Pond. This pond was used from October 1951 to April 1954 to receive
process vessel cooling water and steam condensate arising from operation of
the Redox plant (202-S), (BNWL MA-88).

The approximate inventory of radionuclides in the pond sediments as
calculated from discharge data is presented in Table 1.
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FIGURE 1. The Location of the Revegetation Site in the 200 West Area



TABLE 1. Radionuclide Content in 216-S-17 Pond(a) (BNWL MA-88)

At time of Decayed to
discharge 1976
Beta (Ci) 1100 78.5
Sr-90 (Ci) 40 22.3
Ru-106 (Ci) 50 4.1 x 1072
Cs-137 (Ci) 30 17.4
U (kg) 136 136
Pu (g) 3.0 3.0

(a) Calculated from discharge data

In April 1954 the pond was taken out of service when an inadvertent
release of fission products caused the radionuclide concentrations in the
pond sediments to exceed prescribed disposal Timits. At that time the pipe-
1ine to the pond north of the 216-S-5 crib was plugged and the pond was
allowed to dry out. The pond then was covered with noncontaminated soil fill
to prevent the spread of contamination by wind. Approximately 1.06 m of soil
was added to the main pond and 0.5-0.6 m to the remaining sections (Maxfield,
1977). No stabilization of the area was attempted at that time. Subsequently
wind erosion was responsible for blowing away several cm of soil fill.
Russian thistles (Salsola kali) and bursage (Ambrosia acanthicarpa) became

self-established in the area and in the shallow soil fill areas their roots
penetrated the contaminated layer resulting in accumulation of nuisance

90 q 137

quantities of ““Sr an Cs in plant tissues.

METHODS

In the fall of 1974 0.9 m of additional soil fill was added to about 4
ha of the site supporting the greatest number of contaminated Russian thistle.
A 0.9 ha portion of this clean soil fill was used for establishment of a
revegetation test area. The soil fill was wetted and compacted during the

hauling process to reduce erosion and settling and to provide a moist




environment to encourage seed germination. The study area was then staked
and divided into 20 plots each measuring 20 m x 20 m. The plots were arranged
in a block 5 plots by 4 plots wide.

Four soil treatments were chosen for the randomized block designed
experiment. These consisted of a control and soil amendments of bentonite
clay, straw, and a straw/clay mixture. Each treatment was replicated five
times and placed randomly throughout the 20 plots (Figure 2).

Fifteen .hundred kg of Wyoming bentonite clay was placed on each of 10
of the 20 plots. Farm disc machinery was used to mix the clay into the top
15 c¢cm of soil. One-hundred ninety kg of rye straw per plot was disced into
each of 10 plots. The straw was disced into 5 of the plots previously treated
with clay to create the straw/clay treatment. Care was taken during discing
to leave approximately half of the straw length extended vertically above the
ground surface to form a wind friction barrier to reduce wind velocity at ground
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FIGURE 2. Experimental Design of the Revegetation Plots



level. The 5 control plots remained untreated. All 20 plots were fertilized
with a total of 540 kg of commercial fertilizer (NH4N03). After all the
treatments and fertilizer were disced into the soil, 45 kg of cheatgrass
(Bromus tectorum) seed was broadcast evenly over all of the plots. Then

34,090 2 of water were sprinkled over the plots using a water truck.

The planting was completed November 11, 1974. Germination of the cheat-
grass was observed at the end of November and a good stand of cheatgrass and
Timited volunteer rye crop from the straw mulch was measured during the 1975
growing season. '

During the 1975, 1976 and 1977 growing seasons percent frequency of
occurrence and cover of various species of plants were measured using the
method described by Daubenmire (1959). Biomass was measured in 1975 by

2 quadrat from each

clipping all the vegetation at maturity within a 0.1 m
plot. The plant samples were oven dried at 50°C, weighed and analyzed for

total nitrogen, phosphorus and potassijum content.

Following the 1976 and 1977 growing seasons the volumes (length x width
x height) of mature Russian thistle plants on each plot were determined. The
plants touching a line-transect through the middle of each plot were measured.

Mature Russian thistle plant tissue was analyzed for 9OSr content fol-
Towing the 1976 growing season. Plants were harvested from each plot, oven
dried and taken to U.S. Testing Company for 905y determination (HW-81277).

Black-tailed hares were observed foraging on the plots during the spring
months. To determine what plants they were eating, their fecal pellets were
collected from a meter-wide strip down the middle of each plot during the
growing season. The pellets were submitted for dietary analysis using the
microscopic technique described by Rogers and Uresk (1974).

Several violent wind storms during the 1975-1976 season caused consider-
able erosion from adjacent disturbed ground on the windward side of the test
area. This resulted in the deposition of significant amounts of soil on
several of the test plots. The amount of soil deposited was determined by
measuring the depth of sand over the plant crowns from the previous growing
season.



RESULTS

The percent frequency of occurrence of cheatgrass in sample plots was
>80% in the control and straw treated plots and >90% in the straw/clay and
clay treated plots during the first (1975) growing season (Table 2). The
percent frequency increased to >95% during the second year (1976) in all the
plots regardiess of treatment. However, in 1977 only a few cheatgrass plants
were present, because only a few seeds germinated in the fall of 1976, a
period of less than 5 cm of precipitation.

Rye (Secale cereale) occurred in the straw and straw/clay treated plots
in the 1975 and 1976 seasons, but was not observed in the plots in 1977.

Russian thistle occurred in all the plots, and the percent frequency
increased each year from >50% in 1975 to >80% in 1976 to >96% in 1977 (Table 2).
The one exception is’the'higher percent frequency of occurrence (83%) in the
straw/clay plot in 1975. Two other species, bursage (Ambrosia acanthicarpa)

and Tansy mustard (Descurainia pinnata) were observed in the plots. The

results show frequency of occurrence from 0 to 24% with no effect from plot

treatment.
TABLE 2. Percent Frequency of Occurrence for Three
Growing Seasons - 1975, 1976 and 1977
Treatments

Control Straw Straw/Clay Clay
Species 1975 1976 1977 1975 1976 1977 1975 1976 1977 1975 1976 1977
Cheatgrass 84 96 3 87 95 4 98 96 0 90 99 0
Rye 0 2 60 22 0 53 12 0 0 0 0
Russian Thistle 51 90 98 60 89 99 83 8 98 58 87 96
Bursage N 5 8 10 0 7 9 5 7 7 1 4
Tansy Mustard 0 24 4 0 43 5 0 21 0 0 24



The straw, clay and straw/clay treated plots had similar cover by cheat-
grass with less cover on the control plots (Table 3). The 1975 cheatgrass
cover in the treated plots, 10 to 16%, was significantly higher than the 7%
cover in the control plots. The percent cover was higher in the clay and
straw/clay than the straw treated plots. Due to minimal rainfall no cheat-
grass grew in 1977.

The Russian thistle cover was generally <10% even though the frequency
of occurrence was high during 1975 and 1976. There was a slight increase in
Russian thistle cover in the 1977 growing season, probably because of the
lack of competition from cheatgrass. Rye, bursage and tansy mustard were
present but their covers were minimal.

The bijomass of five plant species was measured in 1975 (Table 4). Total
biomass from the control plots (19g/m2) was approximately one third of the
biomass from the treated plots. The biomass in the straw/clay plots was
slightly higher than the biomass from the other treated plots. The volunteer
rye contributed nearly half the total biomass in the straw treated plots, but
the effect of the yield in the straw/clay plots was less. The cheatgrass
biomass in straw/clay and clay treated plots were the same. The biomass
(<Sg/m2) of Russian thistle was similar in all plots. A trace of tumble
mustard (Sisymbrium altissimum) was measured in the straw/clay plots.

Chemical analysis showed that leaf tissue of the cheatgrass from the
plots was >4% N. This amount of N was adequate for growth of cheatgrass and
is in excess of the 0.64% leaf tissue N that is considered 1imiting to growth
by Cline and Rickard (1973). Tissues from plants of the control plots con-
tained 0.6% P while those from the clay treated plots had 0.2% P indicating
the bentonite clay treatment may have reduced the availability of soil P for
plant uptake (Table 5).

The length, width and height measurements of Russian thistle plants,
taken at the end of 1976 growing season, were nearly the same for plants
from the control and straw treated plots, but v30% smaller in the straw/clay
plots (Table 6). Volume measurements of Russian thistle from the clay

treated plots were v30% greater than those taken from the control and straw




TABLE 3. Percent Cover Measurements for Three Growing

Seasons - 1975, 1976, and 1977

. Treatment
Species Control Straw Straw/Clay Clay
1975
Cheatgrass 7.0 = 1.5 10.3 £ 0.5**  16.2 £ 0.6 16.1 + 2.2°**
Rye + 0.7 + 0.5 0
Russian
Thistle + 0.7 6.1 + 0.6 7.2 £1.2 4,4 + 0.9
Bursage 0.7 £ 0.1 7+ 0.3 5+ 0.1 0.4 = 0.1
Total 12.5 22.5 28.2 20.9
1976
Cheatgrass 34.5 £ 9.6 56.0 + 7.5% 54.3 + 9.3* 59.0 * 4.7*
Rye 0.4 1.8 0.5 0
Russian
Thistle 6.0 8.1 6.1 3.
Bursage 0.3 0 0.5 0.6
Tansy
Mustard 0.7 1.5 0.6 0.
Total 41.7 67.4 62.0 64.0
1977
Cheatgrass (0.1 £ 0.05 0.1+ 0.07 0 0
Russian
Thistle 13.2 £ 3.6 16.1 + 0.6 8.5 ¢ 2.1 12.9 = 2.4
Bursage 0.2 + 0.08 0.2 + 0.07 0.2 £ 0.05 0.1 £ 0.05
Tansy
Mustard g 00 0.1+ 0.06 0 0.03 + 0.03
Total 13.6 16.5 8.7 13.1

Significantly different from the control

o



TABLE 4. Biomass (g/m2 + SE) Summary by Species from the Treatments of
Straw, Clay, Straw/Clay, and Control. Harvest Date 5/12/75.

Soil Treatments

Plant Species Control Straw Straw/Clay Clay
Cheatgrass 16.7 + 4.6 25.0 £ 4.9NS 56.0 £7.3* 53.3+6.9%
Rye 0 27.6 £ 16.2 10.0 = 4.2 0
Russian Thistle 1.4 £ C.6 4.6 + 0.2 1.4 + 0.4 1.2 £ 0.9
Bursage 0.9 £ 0.6 0 0.9 £ 0.6 0.7 £ 0.6
Tumble Mustard 0 0 <0.1 0

Total 19.0 + SE 57.2 + SE 68.4 + SE 55.2 + SE

NS Not significantly different
* Significantly different from control o < 0.05

TABLE 5. Chemical Analysis of Young Leaf Tissue
of Cheatgrass Harvested on 4/25/75

S0il Treatment %N %P %K
Control 4.8 £ 0.2 0.6 £ 0.2 - 3.6+0.2
Straw 4.2 + 0.1 0.4 £ 0.02 3.6 £ 0.1
Straw/Clay 4.2 £ 0.2 0.2 £ 0.02 3.5+ 0.2
Clay 4.5+ 0.3 0.2 + 0.04 2.7 £+ 0.5
X + SE

plots indicating that the clay influenced the germination success of the
seeds. The length, width, height and volume measurements for Russian
thistle plants in the 1977 growing season are approximately 1/3 lower than
the 1976 measurements (Table 7).
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Russian thistle tissues were analyzed for 20

Sr to determine if any roots
had grown through the uncontaminated soil into the contaminated soil (Table 8).
Results show that only one plant from the clay treated plot and one from the
straw treated had 2OSr levels (15.9 and 17.4 pCi 0Sr/g) that were high

enough to indicate that these plant roots may have reached the buried pond

layer 0.9 m below surface.

TABLE 8. Strontium-90 Content Measured in Russian Thistle
Harvested at the End of the 1976 Growing Season

Plot # Treatment pCigOSr/g (oven dry)
1 Control 0.39
9 Control 1.21

12 Control 0.09
15 Control 0.15
19 Control '0.39
2 Clay 0.38
11 Clay 0.05
14 Clay 0.21
17 Clay 15.9
20 Clay 0.38
Clay/Straw 0.20
Clay/Straw 0.74
Clay/Straw 0.25
10 Clay/Straw 0.24
13 Clay/Straw 0.15
4 Straw 0.33
5 Straw 0.58
8 Straw 5.01
16 Straw 0.45
18 Straw 17 .40
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Dietary analysis of black-tailed hare fecal pellets collected from the
plots indicate that hares ate a wide variety of grasses and forbs. The major
portion of the hare diet in May was comprised of cheatgrass, Siberian wheat-
grass (Agropyron sibiricum), needle-and-thread grass (Stipa comata) and
Astragalus sp. (Table 9). Lesser quantities of other grasses and forbs also
appeared in their diet. Hares ate only small quantities of Russian thistle
which agrees with findings from a previous study conducted in the B-C Cribs
area (Uresk et al. 1975).

TABLE 9. Vegetative Composition of Black-Tailed Hare Fecal Pellets
Collected on Cover Plots in 1975 and 1976

Frequency

of Occurrence Density
Food Species 1975 1976 1975 1976
Grasses
Bromus tectorum 55.1  63.7 0.80 0.93
Agropyron sibiricum 43.6 17.3 0.57 0.19
Poa sandbergii 6.8 1.0 0.07 0.0
Secale cereale 7.4 -—- 0.08 ---
Festuca occidentalis 8.4 --- 0.09 ---
Stipa comata 17.9 22.0 0.20 0.25
Forb
Helianthus sp. 2.8 - 0.28 ---
Descurainia pinnata 1.6 0.4 0.02 0.004
Salsola kali 0.6 3.4 0.006 0.03
Phlox longifolia 2.3 0.6 0.02 0.006
Sitanion hystrix 3.0 -—- 0.03 ---
Astragalus sp. 4.0 22.2 0.04 0.25
ORH -—- 9.6 --- 0.1
Lily --- 0.2 -—-- 0.002
Unknown Forb 0.4 0.3 0.003 0.003
Shrub
Artemisia tridentata 0.1 -—- 0.00T =---

12



Severe wind storms during the 1975-76 season resulted in significant
deposition of sand on the windward side of the test plots. This sand cover
smothered the cheatgrass. Figure 3 shows the build-up of sand over some of
the plot surfaces. The greatest sand deposition (14 cm in depth) occurred
next to an untreated disturbed area.

SOIL OVER LEVEL (cm)

FIGURE 3. Mound of Soil in Centimeters that was Deposited on the Vegetation
Plots Numbers 1 Through 20 During 1975 and 1976 Wind Storms

DISCUSSION

Stands of cheatgrass sufficient to control soil erosion were established
during the 1975 and 1976 growing seasons. Enough soil moisture was present
during the fall months to germinate the cheatgrass seed and to establish a
vegetative cover that could withstand wind erosion. However, in the fall of
1976 and the spring of 1977 there was extremely little rainfall, less than 5
cm between August and February. This dearth of precipitation was not suffi-
cient to sustain the seedlings once they had germinated. There was enough
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standing and flat litter from the two previous growing seasons to minimize
wind erosion on the test site. 1In March 1977 several rainstorms occurred
which prompted germination of considerable numbers of Russian thistle seeds.
Most of these seedlings died, with few attaining large size. The dense stand
of Russian thistle seedlings, compounded by the lack of soil moisture to
sustain the seedling growth, resulted in relatively small plants in 1977.

The dietary analysis of the black-tailed hare showed that a greater
diversity of plants occurred in the hare diet than in the test plots. This
indicated that the hare habitat was not restricted to the test area and that
they foraged over a larger surrounding area. The finding that the hares
consumed large quantities of cheatgrass was different from that found in a
study of hare diets in the B-C Cribs area in which cheatgrass did not occur
in the diet (Uresk et al., 1975).

The first necessity in reclaiming or revegetating a disturbed area is
control of wind erosion. Until this is accomplished other procedures will be
impeded in attempting to stabilize a disturbed area. Straw muiched into the
surface layer of soil was effective in controlling wind erosion. However,
this treatment is temporary because in approximately 2 yr the straw decays
or is blown away. For maximum effectiveness the straw treatment should be
used in conjunction with other long-term treatments for stabilizing disturbed
areas with a vegetative cover. A bentonite clay treatment is effective in
controlling wind erosion but may have some undesirable effects on plant
growth. It may be toxic to plant growth if used in too high concentrations.
The bentonite caused a reduction of phosphorous content in the leaf tissue
and there was evidence that the excess sodium might affect plant growth. If
use of clay treatment is desired, the clay could be treated with gypsum or a
similar compound to replace the sodium jons with calcium ions making it more
compatible with plant nutrient requirements. Treatments using materials
other than clay may be more effective and less expensive, because the cost of
the bentonite would be approximately $2000 per hectare plus the cost of
application.
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The data collected during the 3 yr study show the importance of proper
timing in the preparation of the seed bed of the area to be stabilized. Fall
germinating grasses such as cheatgrass must be planted prior to fall rains or
irrigated so that successful germination can be underway before the severe
wind storms occur in the Tate winter and spring months. A vigorous growth of
a shallow-rooted, fall-germinating winter annual grass such as cheatgrass
should use most of the soil moisture and nutrients prior to the late spring
months, thus reducing the germination and growth rate of Russian thistle.
Enough litter and standing dead will be produced to restrict soil erosion in
dry years when new plant growth is minimized. It is strongly recommended
that earth-moving and site preparation activities be completed during late
summer and fall. The planting of cheatgrass and other grasses.should be
completed by October 1 and the soil irrigated to insure that sufficient
moisture is available to allow seed germination and growth during the fall
and early winter months. Irrigation is recommended because the timing and
amount of fall rains are so unpredictable that for many years the rainfall is
the 1imiting factor preventing adequate stands of grass. The addition of
nitrogen fertilizer to insure fast-growing healthy plants and sufficient
litter production is also recommended.
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