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Soil placed over any sealant/barrier system can provide a protective mantle if the soil is not lost by ero
sion. Vegetation is an attractive choice for controlling erosion because it can provide an economic 
self-renewing cover that serves to reduce erosion by both wind and water. Vegetation alone, however, 
may not adequately stabilize the surface in extremely arid areas. In those areas, a properly designed 
surface treatment of rock cover, perhaps in conjunction with vegetation, may be necessary to stabilize 
the tailings surfaces. 

The objective of this program is to establish guidelines for surface stabilization that are compatible 
with sealant/barrier systems and that are suited to soils and climates at inactive uranium mill tailings 
sites. These guidelines will provide the means to estimate potential vegetation cover, potential erosion, 
effects of surface treatments on sealant/barrier systems, and costs of vegetation and rock covers. 
Methods for establishing vegetation on sealed tailings will also be provided. 

TEST PLOTS 

The objectives of this task are to evaluate 
the interactions between vegetation and sea
lant/barrier systems, evaluate the effects of 
rock covers on soil water and vegetation es
tablishment, and examine vegetation estab
lishment strategies for use with rock cover. 
Tests to evaluate the interactions between 
vegetation and sealant/barrier systems are 
being conducted at the Grand Junction test 
site in conjunction with Uranium Mill Tail
ings Remedial Action Projects (UMTRAP), which 
test sealants, biological barriers and liners. 
A second test plot was constructed on the San 
Juan coal mine in Waterflow, New Mexico (ap
proximately 11 miles west of Farmington). 
Construction of the plot was finished in Au
gust. At this site, the effects of irriga
tion and rock covers on soil moisture and 
plant establishment will be evaluated. 

Grand Junction Test Plot. At this test fa
cility, the revegetation project is examining 
the relationships between vegetation and tech
nologies for containing radon. Interaction 
between vegetation and the herbicide barriers 
intended to limit plant root penetration into 
sealant systems is also being studied. The 
effects of soil depth on plant rooting are 
being investigated to determine minimum plant
ing requirements. Soil moisture responses to 
plant cover and the sealants will be monitored 
to assess the effects of the cover systems on 
soil water. This will provide a basis for 
evaluating potential cover-treatment impacts 
on revegetation success. 
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The test plots and surrounding disturbed areas 
were seeded in early November 1980. The 
seeded area was first mulched and fertilized 
using a commercial fertilizer spreader. Grass 
fiber mulch was applied at a rate of approxi
mately 1 ton/acre. Fertilizer (20% nitrogen, 
20% phosphorous, 20% potassium) was applied at 
a rate of approximately 120 lb/acre. Seeds 
were applied at a rate of 18 to 20 lb of pure 
live seed per acre. The plant species used 
to seed the site were chosen for their adap
tation to the local environment, proven suc
cess in revegetating disturbed areas, and 
availability. 

One of the primary objectives of the Grand 
Junction test-plot work is to evaluate the in
fluence of asphalt emulsion, multilayer earth, 
and root barrier herbicide treatments on the 
establishment of a stabilizing vegetative 
cover. Soil moisture regimes are likely to 
be influenced by tailings cover treatments. 
Because soil moisture is critical to the es
tablishment and maintenance of vegetation on 
disturbed sites in arid and semi-arid regions, 
it is an important parameter for study on the 
test plot. 

Three hundred eighty-two soil moisture blocks, 
previously calibrated in the laboratory, were 
installed in the treatment plots during Octo
ber and November 1980. The blocks were placed 
at O.l-m, 0.3-m, 0.6-m and 1.2-m depths as 
permitted by the depth of soil cover. Com
parisons will be made among soil treatments 
and among soil depths. 



An irrigation system was installed on the site 
in April to insure seed germination and main
tenance for vegetative cover. Monthly soil 
moisture measurements were initiated in March. 
In May, the site was sampled for germination 
from the fall seeding. Grasses and forbs from 
the applied seed mixture and two infacing weed 
species were present. Plant species sown in 
November that had germi nated were Agropyron 
sp. (wheatgrass), Atri r1ex sp. (saltbush), 
Oryzopsis hymenoides ( ndian ricegrass), Puc
cinelli 1emmoni (lemmon's alkali grass), Spo
robolus airoides (alkali sacaton), Amaranthus 
retrof1exus (redroot pigweed), and Sphaera1cea 
coccinea (scarlet globema110w). Two invading 
species, Salsola kali (Russian thistle) and 
Kochia prostrata (prostrate summercypress) 
were-ilso present. Germination data are sum
marized in Table 1. Seeded grasses and Sal
sola ka1i, a volunteer, dominated at germina
tion.--rhese data indicate that germination 
was not uniform across the site. No statis
tical correlation between germination and 
soil moisture was found. 

San Juan Test Plot. In cooperation with the 
San Juan Coal Co., a second test plot was con
structed in August 1981. At this site, the 
effects of irrigation and rock covers on soil 
moisture and plant establishment will be eval
uated. The test-plot design consists of three 
major surface treatments: topsoi1ed, top
soiled plus sorted cobble approximately 5 cm 
in diameter, and topsoiled plus unsorted 
stream deposits. 

Each of these blocks are subdivided into the 
following plant treatments on plots 4.6 x 
7.6 m, arranged on both sides of a sprinkler 
irrigation line: a) seeded with forb/shrub
dominant mix, b) seeded with grass-dominant 
mix, c) seeded with forb/shrub-dominant mix 
+ shrub transplants, d) seeded with grass
dominant mix + shrub transplants, e) planted 
with shrub transplants only, and f) control-
no planting or seeding. 

A unique system of applying variable rates of 
irrigation water is used at the plots. The 
system applies a high rate of water at one 
end of a plot but decreases to zero at the 
other end, making it possible to determine 
the minimum amount of water necessary for 
plant establishment. Each increment of dis
tance away from the line source represents a 
sub-plot where plant establishment and growth 
can be correlated with a given amount of wa
ter (as measured with collection cups). Ir
rigation is applied immediately after seeding 
and repeated after 2, 4, and 6 weeks in the 
fall. Irrigation will be resumed in the 
spring (possibly April) on a 3-week interval 
until July. The rate will vary from zero to 
2.5 cm applied per irrigation treatment. 

REGIONAL EVALUATIONS 

The objectives of this task are to determine 
the climatic and edaphic influences on plant 
community structure (cover, density, rooting 

TABLE 1. Germination Summary for Plant Species on the Grand Junction Test Plot (May 18, 1981)(a) 

% of Total 
No. of Mean No. Individuals 

Individuals Density % Plot Occurring 
Species Counted (No. Indiv.lm2) frequency(b) in One Plottc) 

Agropyron spp,(d) 491 43.8 62.5 9.2 
Puccinelli lemmonj(d) 148 13.2 32.1 10.1 
Sa/sola kali 90 8.0 42.9 4.4 
Amaranthus retroflexus(d) 67 6.0 29.5 7.5 
Oryzopsis hymenoides(d) 50 4.5 23.2 22.0 
Kochia prostrata 37 3.3 17.9 10.8 
Grass spp. 22 2.0 2.7 n.34 
Other species(e) 20 1.8 8.0 15.0 

(a) Total number of plots = 112. Total number of individual plants counted = 925. Plot size (standard 
Daubenmire frame) = 0.1 m2. 

(b) Percent plot frequency equals the number of plots in which a species was present divided by the 
total number of plots (112). 

(c) Percent of total number of individuals occurring on a plot equals maximum counts for a single 
plot divided by the total number of individuals for a given species. 

(d) Seeded species. 
(e) Seeded spp.: Sporobo/us airoides, Hilaria james;;, Sphaeralcea coccinea, and Atriplex sp. 

Invading spp.: Halogeton g/omeratus, and Distichlis stricta and Chenopodiaceace spp. 
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profile), provide necessary data to develop 
a predictive model for estimating revegeta
tion potential, and provide data necessary 
for erosion modeling. 

This year, 20 of the inactive uranium tail
ings sites were grouped, using a cluster ana
lysis based on climatic data, into three gen
eral regions: the Colorado Plateau--Four 
Corners area (Grand Junction, Naturita, Slick 
Rock, Shiprock, Monument Valley, Tuba City, 
Mexican Hat and Green River); the west slope 
of the Colorado Rockies (Ambrosia Lake, Dur
ango, Gunnison, Rifle and Baggs); and the 
Northern Great Plains (Belfield, Bowman, Ri
verton and Spook). Soils and vegetation were 
then sampled in these general regions. 

In each region, vegetative cover was sampled 
on soil types representative of those likely 
to be used as topsoil for a particular tail
ings pile. Soil units were chosen with the 
help of a soil scientist and local soil con
servation service personnel. The criteria 
used in choosing soil types included extent 
(percent coverage of a county), depth, and 
texture. The actual location of sampling 
within a selected soil type depended upon ac
cessibility, ownership and range condition. 
At a chosen sampling location, a line inter
cept method was used to estimate shrub and 
bunchgrass cover. Ten 50-m transects were 
designated in each area. Daubenmire plots 
were used to estimate grass and forb coverage 
and were placed at 10-m intervals along the 
500-m transect. All cover measurements were 
categorized according to species. A surface 
soil sample was taken every 100 m for pH mea
surement. Soil cores, collected in 20-cm
depth increments, were taken at the beginning, 
middle and end points of the 500-m transect. 
The cores will be analyzed for texture, or
ganic matter content, particle size, electri
cal conductivity and macronutrients. 

Another major accomplishment of this task was 
the acquisition and compilation of published 
data needed for the modeling task and the 
field sampling effort. This included extract
ing information on location and climate from 
the Ford Bacon and Davis Engineering reports 
for each of the tailings piles, ordering to
pographic and land ownership maps for each of 
the regions sampled, and summarizing climato
logical data from the annual National Oceanic 
and Atmospheric Administration reports. Data 
on soils for regional sampling and erosion 
modeling was acquired from published soil sur
veys and from the Soil Conservation Service. 
The Plant Information Network (PIN), a data 
base developed for the U.S. Fish and Wildlife 
Service by Colorado State University, was used 
to provide preliminary information on the 
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plants in each of the regions to be sampled. 
All relevant published data, as well as ac
quired reports on related research, were cat
aloged on a data-retrieve system. 

MODELING 

The objective of this task is to develop pre
dictive models for determining the need for, 
and interaction among, proposed cover treat
ments. The functional role of vegetation and 
rock covers and how they relate to soil mois
ture changes are viewed as critical to the 
overall success of the integrated remedial 
action plan for each tailings site. During 
FY 1981, erosion and soil water models were 
examined for use on mill tailings. Appropri
ate models were chosen, and work was begun 
on adapting them to this project. 

Erosion. Established models of soil erosion 
are being adapted for use at tailings sites. 
The FY 1981 work used data collected from the 
Grand Junction area and the tailings pile. 
Subsequent work is planned to verify the 
models using site-specific and regional data 
from other uranium mill tailings sites. 

Two models were explored for possible use in 
estimating erosion due to overland water flow. 
The simplest model is the Universal Soil Loss 
Equation (USLE). It is an empirical equation 
that estimates long-term average annual soil 
loss. The USLE is easy and expedient to ap
ply and can provide useful information; how
ever, it does not account for the potentially 
catastrophic effects of extreme rainfall 
events. The Agricultural Runoff Management 
(ARM) Model is a more complex model. It si
mulates the hydrologic processes that convert 
precipitation to overland, subsurface, and 
ground water flow and the erosion of soil 
materials due to rain-fall impact and runoff. 

A procedure for calculating the annual wind 
erosion from a tailings pile has been imple
mented. The procedure is based on the wind. 
erosion equation developed by W. S. Chepil 
and modified by N. P. Woodruff and T. H. 
Siddoway. The model is based on wind tunnel 
and agricultural field measurements. Meteo
rological parameters, and parameters describ
ing the physical properties of the tailings 
site, are used as input data. Soil loss by 
wind in (tons/acre)/year is the output. 

Soil Water Dynamics. Rock and vegetation 
covers have been proposed for surface stabili
zation of inactive uranium mill tailings 
piles. To the extent that rock covers impede 
runoff and restrict plant growth and evapora
tion from the soil surface, they may result 



in increased soil (tailings) moisture. Ele
vated moisture content can be beneficial by 
reducing pore space and thereby suppressing 
radon release. Excess moisture, however, may 
be detrimental if it promotes leaching and 
drainage of contaminants through the tailings 
to ground water. Differences in local cli
mates and soil properties at the tailings dis
posal sites, as well as engineering design 
criteria, require an integrated approach to 
any proposed remedial action. Long-term func
tional stability can be insured only if all 
the elements that affect the success of a 
remedial action design are accounted for. 

A partially saturated flow model is used to 
analyze a representative uranium mill tail
ings pile under different cover treatments. 
The modeling effort provided a qualitative 
assessment of the effects of vegetation and 
rock covers on soil moisture flow. Also, 
field studies were conducted to evaluate eva
poration rates from soils having a variety of 
rock and vegetative covers. 

Model results indicate that a vegetated cover 
system will result in a relatively constant 
moisture storage in the tailings pile. A 50-
cm-thick rock cover, on the other hand, may 
result in a significant increase in moisture 
storage and drainage from the tailings pile. 
These results suggest that vegetation (and/or 
thinner rip-rap covers), engineered drainage, 
or liner systems may be necessary to prevent 
drainage and subsequent leaching of contami
nant to the ground-water system. 

To investigate evaporation from rock covers 
experimentally, a series of weighing lysime
ters filled with Ritzville silt loam was con
structed. Following an initial watering with 
the equivalent of 5 cm of precipitation, eva-
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porative water loss in the presence of vari
ous aggregate covers (sand, pea and coarse 
gravel ap~lied to the surface at a rate of 
22.4 kg/m , or 1.9-cm thick) was compared with 
the evaporative loss from bare soil. As the 
surfaces of the sand treatments dried, evapo
ration effectively ceased. The gravel treat
ments permitted evaporation, albeit at a lower 
rate than bare soil. Comparisons of coarse 
gravel applied at rates of 22.4 ~1.9), 44.8 
(3.8), 67.3 (5.7), and 89.7 kg/m (7.6 cm) 
showed that bare soil lost water much more ra
pidly than did the rock cover treatments dur
ing the first 7 days following watering. Be
yond 7 days, however, the rate of evaporation 
from bare soil declined relative to the rates 
of evaporation from the rock cover treatments. 
A dry surface layer was formed during this 
period as well. At 14 days and beyond, little 
difference in the cumulative water losses from 
bare soil compared to the rock cover treat
ments was observed. 

These results indicate that for the coarse ag
gregate size and treatment rates employed, the 
effect of rock cover on evaporat ion is most 
pronounced shortly after precipitation; thus, 
when rock covers are employed, the frequency 
of precipitation events may be the major fac
tor determining the potential for increased 
soil moisture content. Any consequent in
crease in potential for leaching of materials 
from the tailings will be linked to frequency 
of preCipitation as well. In addition, since 
the rates of application of aggregates used in 
this study have been shown to permit the es
tablishment of vegetation, it may be possible 
to combine rock cover with vegetative covers 
to provide effective surface stabilization. 
Transpiration by vegetation will also serve to 
reduce the potential for increased subsurface 
moisture content. 


