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The objective of this project is to develop and evaluate the effectiveness of physical and chemical bar
riers that are designed to prevent plant and animal breachment of uranium tailings containment sys
tems for extended periods of time. 

DEVELOPMENT OF POLYMERIC CARRIER/DELIVERY 
(peD) SYSTEMS AND DETERMINATION OF HERBICIDE 
RELEASE RATES 

A major effort this year was spent in deter
mining the final combination of polymer, pel
let size, and triflura1in loading used in 
this year's field trial at Grand Junction, 
Colorado. The effective life of the PCD sys
tem as a root barrier can be lengthened by 
increasing the trifluralin loading and reduc
ing its release rate from the pellets. Using 
the fact that surface area increases as the 
square of the diameter while volume increases 
as the cube of the diameter, we predicted 
that a pellet 9 mm in diameter and 9 mm long 
will have a lifetime in excess of 100 years. 
This pellet size also allows the use of con
ventional equipment for spreading in the 
field. 

These fabricated pellets contained 23.4% tri
f1ura1in. Since the amount of trifluralin 
that can be retained in a polymer depends on 
the polymer type, we mixed various concentra
tions of trifluralin with a number of poly
mers. Once the pellet or sheet containing 
the trifluralin was fabricated, a weighed 
piece was extracted to determine the amount 
of trifluralin contained. Fillers such as 
carbon black were added to some polymers to 
determine whether the filler would increase 
the amount of trifluralin retained. Some re
sulting data are shown in Table 1. Based on 
these analyses, we were able to eliminate 
several polymers, e.g., polyurethane and 
polyethylene-vinyl acetate, as potential res
ervoirs for the delivery system. 

The slow-re1ease-pellet peD system was formu
lated for use at the Grand Junction U-tail
ings test site. The pellets were molded cyl-

(a) This work was sponsored for FY 1980 
through FY 1982 by DOE Albuquerque Opera
tions Office, Uranium Mill Tailings Pro
ject Office, Albuquerque, New Mexico. 
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TABLE 1. Different Trifluralin Retention Properties of 
Several Polymers and the Effect of Adding Carbon Black 
on Trifluralin Retention and Stability of the PCD System 

Targeted Analyzed 
Polymer loading, pph loading, pph 

Polyvinyl chloride 10 10.1 
30 22.1 
50 48.6 

Poly rubber 
(butadiene-styrene) 10 9.0 

30 20.6 
50 36.6 

Polyurethane 30 4.3 

Polyethylene-vinyl 
acetate 30 9.5 

50 15.7 

Polyethylene, 
no carbon black 30 16.0 

Polyethylene, 
25 pph carbon black 30 18.8 

Polyethylene, 
40 pph carbon black 30 13.1 

Polyethylene, 
40 pph carbon black 50 31.3 

inders, 9 x 9 mm, made from a low-density 
polyethylene material with a melt index of 
22. The formulation included 20% carbon 
black to increase the triflura1in reservoir 
within the pellet and to slow the release 
rate of the herbicide from the peD system. 
The trifluralin loading of the pellets was 
23.4%. A small portion of the trif1ura1in 
(1.3%) was on the surface of the pellets and 
was released rapidly leaving 22.1% trif1ura
lin for slow release. 



PHYTOTOXICITY AND DEGRADATION STUDIES 

During this year, studies were conducted in 
the following areas: 1) fourteen plant spe
cies were screened to determine soil concen
trations of triflura1in that will inhibit 
root elongations, 2) studies were continued 
to determine soil trifluralin concentrations 
when equilibrium was achieved within the soil 
around the implanted PCD devices, 3) studies 
were extended to determine the effective dif
fusion path length for triflura1in in soil 
after release from PCD devices, and 4) stud
ies were initiated to evaluate the effect of 
soil moisture content on trif1ura1in releases 
from PCD systems and on accumulation in soil. 

Previous 1ysimeter studies to determine the 
concentrations of triflura1in in soils re
quired to stop root elongation showed a wide 
range of plant sensitivity to the toxin. Rus
sian thistle roots were controlled at 1.0 ppm, 
while crowned vetch and tansy mustard contin
ued growth until concentrations of -7 ppm 
were reached (Table 2). It was noted that 
lateral roots of the crowned vetch and tansy 
mustard passed the treated zone along the ly
simeter wall. Plant species exhibiting this 
tendency were added to a list of plants pre
viously tested for evaluation. Results of 
our studies (Table 2) show that soil triflur
a1in levels of -7 ppm will be needed to inhi
bit root elongation. 

Determination was made of the equilibrium 
soil concentrations of trifluralin resulting 
from implanting PCD devices in the soil. A 

TABLE 2. Soil Concentrations of Trifluralin Required to 
Inhibit Root Elongation 

Plant Species 

Russian thistle 
Tansy mustard 
Fourwing saltbrush 
Gardner saltbrush 
Winterfat 
Crown vetch 
Rocky Mountain penstemon 
Palmer penstemon 
Bluebunch wheatgrass 
Thickspike wheatgrass 
Russian wild rye 
Blue flax 
Bitterbrush 

Soil Concentration Range, 
ppm 

0.3 - 0.5 
4.1 - 5.7 
1.8 - 3.5 
4.2 - 6.1 
0.2 - 0.5 
5.8 - 6.5 
0.9 - 1.5 
1.4 - 2.1 
0.5 - 0.8 
0.6 -1.1 
0.5 - 1.1 
1.4 - 2.5 
0.4 - 2.0 
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Profax PS-1600 PCD device placed in soil at 
three loading rates (0.5-, 1.0-, and 3.0-g 
pellets/400 g soil) behaved predictably based 
on in vitro tests. Equilibrium soil concen
trations, where steady-state release from the 
device and decomposition rates were constant, 
were found to be 0.7, 1.5 and 4.5 ppm in soil 
for the three loading rates, and were obtained 
after 80 days of incubation. The cumulated 
half-life of triflura1in in a silt loam soil 
after release from the pellets was determined 
to be -50 days. These losses were regulated 
by microbial decomposition, chemical degrada
tion and volatilization of trifluralin in the 
soi 1. 

The time that was necessary for trifluralin' 
to reach equilibrium in the soil after plac
ing the pellets in the soil was -30 days and 
remained constant for the remainder of the 
duration of the 180-day study period. Pre
liminary studies showed the longitudinal move
ment of trif1uralin in the soil was <6 cm 
from the point of placement. 

GREENHOUSE AND FIELD STUDIES 

The 9 x 9-mm pellets (PCD system) were effec
tive in stopping root elongations in the 
greenhouse studies. These pellets were 
layered in small growth containers on 2.54-
and 5.08-cm centers, 16 in. below the soil 
surf ace. 

Similar pellets were placed over the asphalt 
emulsion and multilayered earthen radon seals 
at the Grand Junction test sites. Two densi
ties, 144 pellets/22 cm2 (2.54-cm centers) and 
36 pellets/22 cm2 (5.0B-cm centers) were 
placed in soil -5.08 cm above the seal and 
then covered with -61 cm of topsoil. Concen
trations of trifluralin in the soil near the 
pellets will be determined at a later date. 

ANIMAL INTRUSION STUDIES 

A physical barrier system is needed to pre
vent burrowing animal intrusions into seals 
placed over U-tailings. Previous studies have 
shown that layers of various sized stones are 
effective as long-term barriers to animal in
trusion. Studies were conducted at the Grand 
Junction U-tailings site and at the Hanford 
laboratory to determine the effectiveness of 
various barriers. 

Grand Junction Test Site. In 1980, a 30-cm
thick layer of rocks 3.8 cm in diameter was 
placed over a section of the asphalt emulsion 
seal. The rock layer was then covered with 
soil. Wire mesh enclosures were built over 



the rock and soil barrier. The wire mesh was 
extended into the backfill. Prairie dogs were 
then placed in t he enclosures and observed 
for burrowing act ivi ty. There was no evidence 
of any penetrations of the asphalt emulsion 
seal by the prairie dogs. Many of the roc ks 
were excavated , and tunnels were dug through 
t he bac kfill and i nto the rock layer. The 
prairie dogs escaped through the tunnels. We 
concluded that the rock size used was too 
smal l and that the size and mass of the rocks 
used in a barrier must be correlated with the 
weight of the animal. 

Hanford Test Site. A f acility was constructed 
at the Hanford site to t est the effectiveness 
of crushed rock as a bar rie r against animal 
and ant i ntrusions into radon seal s placed 
over t ai l ings. Four boxes (1.2 x 1. 2 x 1.2 m) 
were buried in the ground and surrounded with 
wire mesh t o confine the anima ls and force 
t hem to dig i nto the boxes containing various 
barrier configurat ions (Figure 1). 

Our repli cate was made of each of t he t hree 
barrier configurations and the contro l . The 
conf igurations were 1) a crushed rock l ayer 
placed over a c lay-mix seal, 2) a crushed roc k 
layer placed over an asphalt emulsion seal, 
and 3) an asphal t emulsion seal only. Forty-

PEN NO. 

2 

3 46 em SOIL 

7.6 em ASPHALT EMULSION 

4 69 em SOIL 

5 

6 

7 
1.2 m SOIL (CONTROL) 

8 

FIGURE 1. Three Different Barrier Configurations Tested 
at Hanford. A control was used to compare burrowing 
without a barrier. 
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six cm of top soil was placed over each bar
rier configuration. The controls had 1.2 m 
of top soil with no barrier. 

Ground squirrels were placed in the enc losures 
and allowed to dig in the boxes fo r at least 
8 weeks. In April 1981 , the squirre ls were 
removed from their pens , and the t unnels were 
studied. To permit this, a trenc h was dug 
alongside each box and the side panel removed. 
This exposed the barriers and t unne ls without 
disturbing the seal configurations . 

The top soil was carefully removed and t he 
tunnel ing diagrammed. The ground squirrels 
had not penetrated the crushed rock l ayers 
over the multic1ay seal or over the asphalt 
emulsion seal; nor did they penetrate the as
phalt seal without a rock barr i er. Tu nnel s 
and nest chambers had been constructed at the 
barrier interface in . all cases . However, t he 
animals in the control boxes had excavated 
tunnels and made nest chambers to a depth 
greater than 91 cm, showing that ground squi r
rels generally burrow deeper than t he 46 cm 
of soil cover placed over each barrier. 

After the ground squirrel st udy was compl eted , 
the burrow boxes were reconstruc t ed by replac
ing the wooden side panels and the top soil 
over the same types of barriers. Prairie dogs 
were then introduced to pens; the f emales were 
spayed to prevent propagatio n of the speci es 
in case they escaped during t he study . Prai
rie dogs are three to four times larger t han 
the ground squirrels and much stronger bur
rowers. Common to many areas of the West , 
they are likely to be the most powerfu l bur
rowing rodent encountered at uran ium tai l ings 
piles. The prairie dogs were ma intained i n 
the enclosures for 8 weeks. The animal s were 
removed and the burrow boxes examined i n the 
same manner as before. The effectiveness of 
the different barriers ranged f rom part ial 
penetrat ion to complete exc l usi on . No sign 
of penetration of the asphalt emul sion barrier 
was observed . Some penetrati on of the rock 
layer over the asphalt emu ls ion layer was ob
served. The extent of burrowing in t he boxes 
containing the multilayer earth barrier was 
similar to that observed over t he asphalt 
emulsi on barriers . The tunnel s were excavated 
to about the same depth (15 cm). The rock 
layers were only -15 cm th ick over a -15 cm 
clay mixture in these boxes. The deepest tun
nel in this treatment appeared t o pass through 
the rock and stop at the clay layer . In t he 
control without any barrier, t he prai rie dog 
had tunneled -20 cm below the bottom of the 
box (1.2 m). 


