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USE OF ASPHALT EMULSION SEALANTS IN DISPOSAL OF URANIUM MILL TAILINGS 
by 

J. N. Hartleyl, H. D. Freeman2 and M. R. Elmor~3 

ABSTRACT 

Studies of asphalt emulsion sealants conducted by the Pacific 
Northwest Laboratory have demonstrated that the sealants· are effective 
in containing radon within uranium tailings. The laboratory and field 

.studies have further demonstrated that radon exhalation from uranium 
tailings piles.can be reduced by greater than 99% to near background 
levels. Field tests at the tailings pile in Grand Junction, Colorado 
confirmed that an 8-cm admix seal containing 22 wt% asphalt could be 
effectively applied with a cold-mix paver. Other techniques were suc
cessfully tested, including a soil stabilizer and a hot, rubberized 
asphalt seal that was appl.ied with a distributor truck.· After the seals 
were applied and compacted, overburden was applied over the seal to pro
tect the seal from ultraviolet deg~ad~tion. 

INTRODUCTION 

The Pacific Northwest Laboratory (PNL) under contract to the 
Department of Energy-Uranium Mill Tailings Remedial Action Program 
(UMTRA) has investigated the use of asphalt emulsion sealants as a radon 
barrier material. Both laboratory and field studies were conducted to 
evaluate the effectiveness of various asphalt emulsion sealing systems. 

The asphalt-emulsion admix radon gas barrier (Figure 1) has desir
able properties for long-term stabili~y. The barrier system consists 
of an ~a-cm-thick asphalt-emulsion/aggregate admix that is covered by 
~1 m of overburden. The asphalt-emulsion/aggregate admix layer acts as 
a radon diffusion barrier, and the overburden protects and stabilizes 
the admix seal. The admix is a mixture of cationic asphalt emulsion 
and fine aggregate such as concrete ~and. After curing, the.admix is 
~22 wt% asphalt on a dry aggregate basis and ~1 wt% residual water. 
The very high asphalt content, coupled with the fine aggregate, gives 
the admix seal a very low void volume when compared to road pavement. 
The overburden protects the admix seal from exposure to sun, rain, tem
perature extremes, and sudden temperature changes. The overburden 
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FIGURE 1. Asphalt Emulsion Radon Barrier System 

also protects the asphalt from auto-oxidation initiators in the atmo
sphere. The asphalt-emulsion admix seal and the protective overburden 
form an integral radon-barrier system that is designed for long-term 
stability. 

This paper presents results of the summer 1980 Grand Junction field 
test and discusses the progress of this ongoing project, including lab
oratory and field studies. 

LABORATORY STUDIES 

The overall objective of the laboratory studies was to investigate 
various asphalt-emulsion sealing systems to contain radon within uranium 
mill tailings. The major activities included characterizing the uranium 
tailings and seal aggregate, formulating the seal, measuring radon dif
fusion, and evaluating the potential long-term stability of the seal. 

URANIUM TAILINGS AND SEAL AGGREGATE CHARACTERIZATION 

The physical and chemical properties of the tailings or aggregate 
are important in determining the effectiveness of the seal. Therefore, 
we selected and analyzed samples of tailings from the inactive sites 
and samples of candidate seal aggregates such as concrete sand. 

Particle size distribution of the seal aggregate is an important 
parameter in forming a ~as-tight seal. It has an affect on the ability 
of the emulsion to mix with the tailings and on the integrity of the 
seal. When a major part of the aggregate has a large surface area per 
unit volume--below-200 mesh (silt or clay)--it is very difficult to 
obtain a good seal. Therefore, if tailings are to be used as the seal 
aggregate they must not contain a significant amount of fines . 
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Because of the problems in using tailings as the seal aggregate, 
other aggregates were considered such as blow sand, crushed rock, and 
concrete sand. The blow sand available near each tailings site may be 
the most promising source of aggregate but, since it will probably vary 
~ignificantly from site to site, we chose to use concrete sand as our 
standard aggregate for seal formulation. Crushed rock contained too 
much coarse material to provide an adequate seal. 

The chemical composition of the tailings is important particularly 
if tailings are to be used as a seal aggregate. Of particular interest 
are any precipitated salts that occur with the tailings, particularly 
water-soluble salts. In order to further understand the chemical and 
physical properties of the tailings, tailings samples were examined 
using a scanning electron microscope (SEM) with an atached x-ray disper
sive microprobe. In addition, leaching tests were performed and stan
dard soil characteristics were determined. 

SEAL FORMULATION 

Many variables are involved in seal fabrication and resultant seal 
quality. The mnrp impnrtRnt were investigated;1n the laboratory prior 
to selecting optimum emulsion and aggregate types for subsequent field 
testing. These variables include (1) mix design and test procedure, 
(2) effect of aggregate type, (3) effect of emulsifier type and a~phalt 

·concentration, and (4) effect of asphalt source. 

As a result of the laboratory tests, two asphalt emulsions were 
selected for field testing: 1) Armak 4868 +18 mV for soil stabilization 
with a soil stabilizer and for the portable pugmill, and 2) Armak +78 
mV for the cold-mix paver, portable pugmill and transit mixer. 

The mix-design test procedure used in laboratory studies consists 
of mixing aggregate, water, then asphalt emulsion for 30 s or less, 
using a large laboratory mixer. (We conducted some deliberate overmix
ing experiments and did not find significant changes in the resulting 
admixtures.) The mixture is allowed to dehydrate for about 24 h. The 
admix is then placed in a 4-in. I.D. mold on top of sand and compacted 
to 80 psi; then it is released and recompacted to 80 psi. The completed 
specimen is mounted in a 6-in. I.D. polyacrylic test cell using asphalt 
cement. A helium leak test is run as an initial seal test. If a leak 
exists no further testing is done. 

The admix seals that pass the helium test are then radon tested using 
the radon diffusion test setup (Hartley 1980). 

LABORATORY RADON DIFFUSION MEASUREMENTS 

Radon diffusion measurements were performed to determine the 
effectiveness of the seal formulation. A 15.2-cm- (6-in.-) dia x 
7.64-cm- (3-in.-) thick seal was placed in the test cell and sealed to 
the sides with hot asphalt. Radon gas (40 mCi/i) was then passed below 
the seal for up to 16 days (~4 half lives). Any radon that diffused 
through the seal was carried through an activated charcoal canister by 
a flow of nitrogen. The activated charcoal, which had adsorbed the 
radon, was then counted for the gamma activity of the Bi-214 daughter 
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product. We used this data to determine the radon flux through the 
seal. Effective diffusion coefficients for the successful seals tested 
ranged from 10-6 to 10-9 cm2/s. 

A variety of admix seals containing different types and amounts of 
aggregate and emulsion were tested for radon impermeability. Under con
ditions found on tailings piles, the mote effective seals would reduce 
the radon flux by greater than ~9.9%. 

SEAL STABILITY 

The seal stability and, thus, the effective life of a radon seal is 
very important. "Experience with the stability of an asphalt emulsion 
radon seal is minimal at this time. However, several decades of experi
ence have been obtained concerning the stability of asphalt pavements. 
This experience will provide direction toward assessing the critical 
areas of asphalt degradation in the radon barrier system. However, the 
many factors that adversely affect road performance are either irrele
vant or minimized in the asphalt-emulsion/aggregate radon barrier sys
tem. There are four factors which may contribute to the degradation of 
asphalt in the radon barrier system--autoxidat~n, microbial attack, 
aqueous leaching and temperature cycling. Laboratory tests are cur
rently underway to test these factors on laboratory and field applied 
specimens. Preliminary results show no effects to date of leaching the 
seals with simulated tailings solutions or of microbial attack. Rate of 
oxidation is so slow that no effects have been observed to date. Cyclic 
freeze-thaw testing on 1 in. dia specimen showed no failure do to freez
ing. Slumping during heat up to 600C causes some failures, but, since 
the seal will never see this high a temperature in field application, 
this is not expected to be a problem. 

FIELD STUDIES 

Field studies were conducted to determine the effectiveness of the 
PNL-developed radon barrier system. Activities carried out included 
1) evaluation of application equipment and technologies, during the 
field test at Grand Junction, Colorado tailings pile, and 2) development 
of an improved radon flux measurement system. 

In August, 1980 we conducted the field test at the tailings site at 
Grand Junction; Colorado. Th~ tes~s consisted of 

• site preparation (contouring and base stabilizaton) 

• seal application 

• reclamation (overburden. revegetation, and biobarrier 
application). 

The field tests provided data for evaluating the technical and economic 
feasibility of using commercially a~ailable application equipment for 
applying a radon seal over uranium tailings. 

A 76.2-m x 76.2-m (250-ft x 250-ft) site was prepared for the seal 
application tests by removing a 5- to 15.2-cm (2- to 6-in.) cover of 
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overburden to expose the tailings and then contouring the site for 
drainage. The test area was then watered and compacted to attain max
imum density. A 10-cm-(4 in.) thick layer of 5 wt% residual asphalt 
was applied to the tailings with a soil stabilizer (Figure 2) and then 
compacted for density and strength. 

We developed the four primary seal application procedures around 
commercially available equipment. The equipment included: 1) a soil 
stabilizer, 2) cold-mix paver, 3) continuous pug mill and paver, and 
4) concrete transit mixer and paver. In addition, we tested two other 
application techniques: 1) a multilayer sand seal applied with a dis
tributor truck and chip sealer and 2) a rubberized asphalt seal applied 
with a distributor truck. 

Based on ease of application the cold-mix paver (Figure 3) showed 
the most promise in applying an admix seal consisting of concrete sand 
and a +73 mV cationic medium-set (CMS) asphalt emulsion. 

Seal depths of 7.6 to 15.2 cm (3 to 6 in.) were applied in (3- to 3.7-m 
(10- to 12-ft) widths to cover an area totaling 3400 m2 (0.85 acres). 
The residual asphalt content of the seals averageqt 22 wt%. 

The soil stabilizer (Figure 2) was able to mix 18 mV cationic slow
set (CSS) asphalt emulsion directly with the tailings to form an admix 
about 10.6 cm (4 in.) deep covering approximately 800 m2 (0.2 acres). 
We encountered some difficulties, however, in obtaining a uniform mix 
with the soil stabilizer. The continuous pug mill (Figure 4) was able 
to mix the CMS emulsion with concrete sand forming an admix. Three 
asphalt emulsions were tested with this technique: 1) +73 mV CMS, 
2) +50 mV CSS-lh/CMS mix, and 3) +18 mV CSS-lh. However, none of these 
emulsions worked very well for this particular technique. Problems in 

FIGURE 2. Soil Stabilizer 
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FIGURE 3. Cold-Mix Paver 

transporting the admix to the paver resulted in our abandoning this 
technique. (The admix would settle in the dump truck and would not flow 
into the paver). Preliminary tests with the concrete transit mixer were 
unsuccessful because of poor mix control, therefore, this technique was 
not further tested. Using a chip sealer to apply concrete sand followed 
by a distributor truck to spray on asphalt emulsion was partially suc
cessful. However, it is difficult to obtain a uniform admix with this 
multipass technique. 

After all the admixes were applied, they were allowed to dehydrate 
for several days before being rolled with a vibratory and static steel 
roller to form the final 7.6-cm (3-in.) seal. 

FIGURE 4. Continuous Pug Mill 
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After the admix seals were completed a selected hot rubberized 

asphalt seal' was applied to an 167 m2 (200 yd2) area of tailings. 
A 1/8- to 1/4-in.-thick mat was applied using a distributor truck. 
After all seal-application tests were completed, we sampled the test 
area and made radon flux measurements. A biological barrier consisting 
of a selected herbicide (Treflan) and an animal intrusion barrier (rock) 
was applied to a small part of the test area followed by ov~rburden 
application. Revegetation of the test site was then initiated using 
both native and introduced species. 

FIElD RADON MEASUREMENTS 

We determined the effectiveness of the asphalt seal by measuring 
the r~don f l~x from the test area both before and after the seal was 
applied. The radon flux measurements were made using the system shown 
in Figure 5. 

PARTICULATE 
Fl LTER 

..¥FLOW METER 

t SAMPLE MODE 

2-112' x 4' x 2" ALUMINUM TENT 
41 FLOW 

TAILINGS 
OR 

ASPHALT SEAL 

SURGE 
TANK 

ACTIVATED 
....-CHARCOAL 

FIGURE 5. Radon Measurement System Used for Field Test 

The radon measurement system is a pressure-balanced recirculating 
system open to the atmosphere. Air is pulled through the tent by a 
vacuum pump that picks up any radon diffusing from the tailings. The 
air flows through an activated-carbon trap at ambient temperature that 
collects the radon. The activated carbon is counted and radon fluxes 
are determined from the data. 

Radon fluxes from the 1980 Grand Junction tailings test site (Fig
ure 6) ranged from 86 to 1149 pCi/m2•s with an average flux of 
409.5 pCi/m2·s. The large fluctuation in flux is due to the varying 
radium content of the tailings at the test site. 

Radon fluxes after the seal ranged from 0 to 344.5 pCi/m2·s. 
The average flux was 10.0 pCi/m2·s. These fluxes include measure
ments over all the seal techniques tried on the test area. The most 

7 J. N. Hartley 



.J .. ) 

4' • I 

•I 
1012 1124 

• 1144 
I • 

I 

9~ sis 
261

1 
2i6 26311~2 

: 867 520
1 

: 250 
22~ 

9j3 : 1030 : • •1 I • 

928 I 1145 • I I 2~245 I 
• I • I I • I 2l7 - - - - ""'-T - - - - - ,- - - .- - - -; - - -. - - - r - - - - -

. • 1034 I 2 I • • 
901 '3~ • 164 7 i1 151 i5o i6119s 

797, ..-~ I I 
948 • I I I 

e I I 470 196 200 
I 1046 I 885 •1 196 •I • 195 
I • • I • I 

938 I 1101 I I · • 
• I • I I - - - - - - I - - - - - iii59 - •- -i- - - - - -1- - - - - - ~ 

199 
I I • 687 I J4s 1157 177 t 

545 I I • I • • 
• 3~4 : 988 • I 205 I 184 I S6 · 19.05 m 

I • 158 I • I I • 162 5 fl) 
• I 233 I · 

I 143 I • 1200 I l 
129 156 I • I 1 • . 115 94 
• e e I e 
-,~--~-----~--~~-~---~-~------

• I I 162 1172 172 I 313 341 
12 I I • • 
.61183 147 1183 I I • 

I • • I. I 137 1841 

116 ' .1inm I 1b~ i • • ~· 
• I • I I . 1258 

134 I I 143 I I • · 
• I • I I 

~15.25 m--1 
(50 ft) 

284 • 

FIGURE 6. Radon Fluxes from 1980 Grand Junction Test Site 
Prior to Seal Application 

successful technique was the cold-mix paver as revealed in Table 1. 
Fluxes measured over this area (~76.2 m x 51.8 m) ranged from 0 to 
0.6 pCi/m2•s with an average of 0.2 pCi/m2·s. This corresponds to 
an average flux reduction of greater than 99.9%. 

TABLE 1. After Seal Radon Flux Measurements 

Applicaton Technique 
Soil. Stabilizer 

Cold-mix Paver 
Chip Seal 
Sprayed on Hot 
Rubberized Asphal~ 

Flux Range 
pCi/m2·s 

0.6 - 178 
0 - 0.6 

L4 - 4.3 

0.5 - 12.9 

8 

Average Percent 
Flux Reduction 

96.5 

99.9 
99.6 

99.3 
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CONCLUSIONS 

Several general conclusions can be made as a result of the labora
tory and field tests. 

• Asphalt-emulsion/aggregate admix with proper application tech
niques are effective in reducing radon exhalation from uranium 
tailings to less than the proposed EPA standard (2 pCi/m2·s above 
background). 

• Radon-flux reductions greater than 99% were achieved during the 
1980 Grand Junction field test (i.e., less than 1 pCi/m2·s) when 
measured with the PNL-developed radon flux measurement system. 

• A cold-mix paver can apply an admix containing cationic asphalt 
emulsion and concrete sand with a residual asphalt content of 
23 wt%. 

• A soil stabilizer can apply a cationic asphalt emulsion directly 
to the tailings for stabilization (~5 wt% asphalt) or sealing 
(~?.?.wt% asphalt). Howevar, the variatiorkin particle siz.e dis
tribution from site to site has a significant effect on the effec
tiveness of this technique. 

• A 1/8- to 1/4-in. sprayed-on, hot, rubberized asphalt was success
ful in reducing radon exhalation to nea~ background during the.1980 
Grand Junction field test. 

• The chemical and physical properties of the radon barrier system 
are such that it should endure for a long time period. 

• Maintaining overburden over the seal is important in maintaining 
the long-term integrity of the seal. 
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