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SUMMARY

This document describes the results of accelerated aging tests to deter-
mine the long-term effectiveness of selected impoundment liner materials in a

uranium mill tailings environment.

The study was sponsored by the U.S. Department of Energy under the
Uranium Mill Tailings Remedial Action Project. The study was designed to
evaluate the need for, and the performance of, several candidate liners for
isolating mill tailings leachate in conformance with proposed Environmental
Protection Agency and Nuclear Regulatory Commission requirements.

The liners were subjected to conditions known to accelerate the degrada-
tion mechanisms of the various liners. Also, a test environment was main-
tained that modeled the expected conditions at a mill tailings impoundment,
including ground subsidence and the weight loading of tailings on the liners,
A comparison of installation costs was also performed for the candidate
liners,

The laboratory testing and cost information prompted the selection of a

catalytic airblown asphalt membrane and a sodium bentonite-amended soil for
fiscal year 1981 field testing.
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INTRODUCT JON

The U.S. Department of Energy {DOE) has created the Uranium Mill Tailings
Remedial Action (UMTRA} Project for final disposition of 25 ipactive uranium
tailings sites, as required by Public Law 95-604., \Under the technology devel-
opment task of this program, Pacific Northwest Laboratory (PNL)} is performing
a study to determine the technological requirements for preventing the migra-
tion of hazardous chemicals and radionucliides from some of these selected
sites. The objective of the study is to evaluate the need for and long-term
effectiveness of various liner materials in conformance with proposed Environ-
mental Protection Agency (EPA) criteria and Nuclear Regulatory Commission

(NRC) licensing requirements.

To accomplish this objective, PNL has completed the first phase of accel-
erated-aging tests in the laboratory. FEight liner materials were selected for
accelerated-aging testing based on a literature and industrial survey
described in a previous status report {Buelt, Hale, Barnes, and Silviera
1981). The materials were selected on the basis of currently available infor-
mation on the effectiveness of the materials when in prolonged contact with
leachate similar to that of uranium mi}l tailings. The selected materials
are:

e hydraulic asphalt concrete

e catalytic airblown asphalt membrane

e rubberized asphalt membrane

e chlorosulfanated polyethylene {hypalon)

e natural soil from a typical dispeosal site
® soil amended with sodium bentonite

n s0il amended with Saline Seal 100®

e so0il amended with GSR-60®,

The clay liner materials listed above (Saltine Seal 100, GSR 60) differ
slightly from those listed in the status report. This change permitted a

®Registered trademark of American Colloid Co., Skokie, I1linois.
®Registered trademark of American Colloid Co., Skokie, I1linois.



broader evaluation of sodium bentonite-based 1liner materials. Also, cover

materials proposed for radon attenuation were not evaluated as an impoundment
water barrier. This allowed each liner to be evaluated independently without
the possible permeability interference that could arise from the cover mate-

rials.

The eight liner materials were placed in 0.6-m-dia exposure columns and
subjected to conditions that would accelerate the aging process. The perform-
ance of each material was evaluated by comparing the changes in permeability
with time of exposure. The two most suitable liners were then selected for
further evaluation by exposing them to real-time conditions in the field.

This current study describes the accelerated-aging methodology and results of
the laboratory tests.

The intention of this study was to select the best liner(s) listed above
for further evaluations in the field. The selection was based on the conform-
ance to presently proposed EPA criteria. These criteria state that when it is
necessary to relocate a tailings pile to a new site, the disposal site must be
designed such that the ground water 100 m away from the site not exceed
maximum permissible concentrations of certain radionuclides and hazardous com-
pounds for 1000 yr (EPA 1981). At this time, the liner permeability data col-
lected in this study cannot be directly related to conformance of these pro-
posed criteria. Continuing investigations are developing the technology
required to determine the need for and type of lining {e.g., leachate barrier,
chemical filter, etc.) as reguired at a disposal site by the proposed EPA cri-
teria. For the purposes of the study presented in this report, the selection
of lTiners for field testing was based on their long-term performance as leach-

ate barriers.



ACCELERATED TESTING METHODDLDGY

Since proposed EPA regulations require that the mill tailings disposal
sites conform for 1000 yr to EPA criteria, it was felt that the best way to
determine the lTong-term liner effectiveness was to accelerate the aging
mechanisms of each liner while maintaining conditions as nearly representative
of the field as possible. It was equally as important to select the destruc-
tive mechanisms which would be realized in the field. For example, ultra-
violet degradation of the asphalts was not considered as the }ine} would be
covered for all of its useful life. Likewise, freeze/thaw and wet/dry cycles
were eliminated from practical consideration since a thick cover of tailings

and soil over the liners will eliminate the possibility of such extremes.

The behavior of clay amendments and asphalt and synthetic liners are such
that different accelerated testing methodologies had to be employed. Asphalt
and synthetic materials degrade primarily by oxidation, which causes the mate-
rials to become hard and brittle. The most serious degradation mechanism for
clay materials is the jon-exchange reaction between sodium present in the
clays and calcium, which exists in high concentrations in uranium tailings
leachates. This ion-exchange reaction reduces the swelling capabilities of
the clay, thus increasing leachate permeabhility. Both asphalt and clay mate-
rials, however, are subjected to the same physical stresses caused by ground
subsidence when the tailings are introduced to the disposal site. Gamma
radiation effects over the 1000-yr period were also considered for both clas-

sifications of materials.

OXIDATION OF ASPHALTS AND SYNTHETICS

Two types of oxidation reactions occur with asphalts. The first, known
as auto-oxidation, is caused by the diffusion of oxygen through the surface of
the asphalt and subsequent reaction with the hydrocarbon. The second occurs
when aqueous oxidizing agents, such as sulfates and chlorides, react with the
asphalt surface. Both reactions cause hardening and embrittlement of the
liner.



The oxidation reaction rate of the asphaltic and synthetic materials can
be increased by elevating the temperature, acidity, and oxygen concentration
to which they are exposed. The quantitative effect of each of these param-
eters can be determined by reaction kinetics. Since time restraints prevented
an empirical determination of the reaction kinetics, the liners were assumed
to behave identically to pavement asphalts in the absence of Tight. Studies
by Van Oort (1956) and Blokker and van Hoorn {1959) empirically determined the
reaction kinetics for auto-oxidation of pavement asphalts, but they disagreed
on the degree that oxygen and temperature accelerate the reaction rate, By
exposing the liners to 0.68 atm of pure oxygen at 50°C for 3 mao, which is
achievable in the exposure columns, the equivalent time exposure is 320 yr,
according to Van Oort's studies, but is 53 yr on the basis of Blgkker and
van Hoorn's relationships. The actual equivalent time exposure for the liner
materials has not been determined in these studies, but attempts to quantify
the expected lifetime of the most suitable materials will be performed in
future studies.

The oxidizing strength of aqueous oxidizing agents has been accelerated
by elevating the temperature and increasing the acidity of the leachate from
the lowest measured pH of 2.9. The hydrogen ion concentration for the follow-
ing elementary half reaction

= + -
SO4 + 44 + 2e -———-—SOz(g) + 2H20

affects the reaction rate by the relationship

reaction rate « [H+]4

Therefore, a slight increase in acidity will accelerate the aging process by a

significant amount.

ICN EXCHANGE IN CLAY SOILS AND BENTONITES

The swelling property of a clay depends upon its ability to hold hydrated

sodium ions in its exchange complex., Aside from physical disruptions, the











































































LINER INSTALLATION COSTS

The installation costs of the various liners were estimated by contacting
the vendors of the liners and the installation contractors. Each was asked to

2

provide pricing information based on a 200,000-m~ impoundment in Grand

Junction, Colorado. The installed costs are presented in Table 2.

TABLE 2, Installation Costs of the Candidate Liner Materials

Liner Installation Rate Installed Costs
Asphalt concrete Two 5-cm 1ifts with cationic $9.60/m2(a)
asphaltzemu1sion tack coat
(~3 2/m")
Hypalon 0.9 mm $?.80/m2(a’b)
Asphalt-rubber 5.4 P./m2 $4.40/m2(a’b)
Catalytic airblown asphalt 6.8 g/m? $4.30/m2(25D)
Saline Seal 100 20 kg/m? $4.70/m2(€)
GSR-60 20 kg/m? $2.70/m2(¢)
Sodium bentonite 20 kq/m? $2.30/m2(¢)

(a) Assumes 3-in. (7.6-cm) soil installed beneath liner @ $5.20/m3

{b) Assumes 12-in. (30.5-cm) soil installed above liner @ $5.20/m3

(c) Assumes tgat 4-in, (10.2-cm) layer of clay and soil installed with soil
@ $5.20/m

29






CONCLUS IONS

The findings of accelerated liner testing include:

e Expected y-irradiation in the field will not impair the liner per-
formance over the 1000-yr period.

e Simulated subsidence indicated that the asphalt concrete, hypalon,
sodium bentonite-amended soil, and probably the catalytic airblown

membrane will give the best performance.

e The liners with the best expected field performance, as determined
by permeability effectiveness factors, K/£, are hydraulic asphalt
concrete, catalytic airblown asphalt, hypalon and sodium-bentonite
amended soil.,

e The most stable of the liners tested, as determined by the change of
permeability with time, are catalytic airblown asphalt and soil

amended with natural sodium bentonite.

e The initial permeability increase measured on the soil and natural
sodium bentonite liners may indicate that rapid Na-Ca ion exchange
is occurring. However, since the overall performance was not
affected, we can assume that the resulting shrinkage must occur ver-
tically. This needs to be confirmed by determining the extent of
the ion-exchange reaction and the direction of shrinkage.

® The least-expensive of the asphalt and synthetic materials to
install are asphalt-rubber and catalytic airblown asphalt. The
least expensive of the clay materials to install are natural sodium
bentonite and GSR-60.

Based on the laboratory testing results, expected field effectiveness and
the cost analysis, the liners selected for the fiscal year 1981 field studies
are catalytic airblown asphalt and sodium bentonite-amended soil.
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ASPHALT LINER SPECIFICATIONS

TABLE A.1. ARA4000 Asphalt Cement Specifications

Property Minimum Max imum Actual

Tests on original asphalt
¢ Flash point, P-M, °F 440 430
® Solubility in trichloroethylene, % 99 99.9

Tests on residue from RTFC

® Absolute viscosity @ 140°F, ps 2500 5000 3260
¢ Kinematic viscosity @ 275°F, cs 275 414 .6
e Penetration B 77°F, 100 g/5 s 40 53
8 Percent of original penetration @ 77°F 45 51
e Ductility @ 45°F, {1 cm/min) cm 10 50+

TABLE A,2, Hydraulic Asphalt Concrete Aggregate Specifications

Grid Size $ Passing
1/2 100
3/8 100
4 17
8 60
10 54
30 44
50 23
100 17
200 15

A.1



TABLE A.3. Catalytic Airblown Asphalt Specifications

Property

Softening Point

Penetration 8 25°C
Ductility
Penetration @ 0°C
Flash Point

Specific Gravity

ASTM Specifications Actual
82°C to 93°C 85°C
(180 to 200°C)

50 to 60 (min,/max.) 53

3.5 cm/min @ 25°C 3.75 cm
30 min. 32
230°C ~290°C
1.00 min. ~1.01

A.2
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TABLE B.1. Laboratory Permeability Testing Data
Asphalt Cement Asphalt Rubber
Test No. aV, 2 at, h P, psig Th, in., k {cm/s) AV, 2 At, h P, psig Th, in. k {cm/s)

1 (4/23) 2 191 15 3 7.20 {(10°%) 19.8 23.63 15 0.28 5.31 (1078

2 (5/7) 1 116.75 10 8.84 (107°) 6 22.64 10 2.52 (1078)

3 (5/12) -- -- - -- 35.5  21.92 10 1.53 (10°7)

4 (5/19) 3.25 169.3 11,5 1.72 (1078) 11.76 ©5.58 11.5 1.74 (10'?)

5 (5/27) 9.75  166.5 11.5 5.25 (10°8) 10.22 0.5 11.5 1.69 (10" )

6 (6/3) 7.5 52.08  10.5 1.42 (1077} 14.84 1 10.5 1.34 (107

7 (6/10) -- -- -- _ - .- -- -

8 (6/11) 5.8 73.60 11 7.40 (10'8) 15.12  0.33 11 4.36 (10-%)

9 (6/16) 4.26  68.72 11 5.81 (10-%) 17.06 0.4 11 3.68 (1079)
10 (6/23) 7.64  67.68 11 1.06 (10°7) 16.8  0.42 11 3.45 (107%)
11 (6/26) 6.10  95.5 11 5.99 (1078) 16.90  0.37 11 3.95 (10°%)

Catalytic Airblown Hypalon
Test No. WV, 2 At, h P, psig Th, in, k {cm/s) avV, £ at, h P, psig Th, 1in, k (cm/s)

1 (4/23) 5.6  23.05 15 0.25  1.39 (1078 0.5 191 15 0.065 3.9 (10”11)

2 (5/7) 4.2 22,62 10 1.57 (10°%) ~0 116.75 10 <4,79 (10711

3 (5/12) 1.1 22.42 10 4.22 (107%) - -- - -

4 (5/19) 2.13 26 11.5 6.12 (100 1.5  169.3 11.5 1.72 (10710

5 (5/27) 6.32 47.7 11.5 9.91 (107%) 1.25 166.5 11.5 1.46 (10710

6 (6/3) 0.5  22.5 10.5 1.82 (10°%) 3.5  147.63  10.5 5.05 (10710)

7 (6/10) - - -- - .- -- -- .-

8 (6/11) 3.8 4.53 11 6.56 (107%) o0 73.60 11 6.9 (10-11)

9 (6/16) 6.86 68.72 11 7.8 (1079 1 169.1 11 1.20 (10-10)
10 (6/23) 15 163.2 11 7.18 (107%) -- .- - --

11 (6/26) - -- - - 1 94.62 2.15 (10-10}



TABLE 8.1. {(Contd)
Bentonite Saline Seal 100
Test No. AV, £ At, h P, psig Th, in. k {cm/s) AV, 2 At, h P, psig Th, in. k {cm/s}
1 (4/23) 18.8 23,05 15 1 1.87 {1077y 9.7 0.5 15 1 9.08 {10-0)
2 (5/7)  4.96 1.65 15 6.89 (10°7) 18,5 1 17 3.74 (10°6)
3 (5/12) 18,1 21,92 12 2,37 (10°7y  11.2 0.5 13.3 5.79 (10°0)
4 (5/19) 4.62 5.58 10 2.85 (10°7) 13.8  0.75 10 6.33 (107°)
5 (5/27) 5.24 3,88 10.5 4.42 (1 0'?) 15.1 1 10.5 4.94 (10°6)
6 (6/3) 13.3 22.5 11 1.85 (10 16.6 1 11. 4.7t (1079
7 (6/10)  6.56 23 11 8.92 (10‘8) 16.83  0.92 11 5.72 (1070)
8 (6/11) 6.62 23.17 11 8.93 (10°8) 15.92  0.58 11 8.59 (10-%)
9 (6/16) B.72 23 11 1.19 (10°7)  16.68° 0.62 11 8.46 (1070)
10 {6/23) 11.88 24 11 1.55 (10°7)  16.32  0.63 11 8.10 (1076
11 (6/26) 10.81 20.75 11 1.63 {1077)  10.54 0.5 11 6.59 (107
GSR-60 Soil
Test No. AV, £ A, h P, psig Th, in. k {cm/s) AV, & at, h P, psig Th, in. k {cm/s)
1 (4/23) 19.3 2.42 15 1 1.83 (107%) 15.8 0.5 15 1 7.24 {107P)
2 {5/7) 15.26 1 17 3.09 (10°%) 14 0.37 17 7.65 (1079)
3 (5/12) 7.7 1 12.5 2.12 (1070) 14.5  0.42 10 1.19 (1073)
4 (5/19) 14.75  2.75 10 1.84 (10-%) 12.0 0.5 10 8.25 (10-6)
5 (5/27) 16.22 2 10.5 2.66 (1076) 16,18 0.5 10.5 1.06 (10-9)
6 (6/3) 15.8 1.5 11 3.16 (107%) 18.25 0.5 11.0 1.14 (10°°)
7 (6/10) 16.86 1.5 11 3,51 (10-6) - -- -- _-
8 (6/11) 16.44 0,66 11 7.79 (107%) - -- -- -
9 (6/16) 16.24  0.78 11 6.48 (10°6) - -- -- --
10 (6/23) 16.42 0.9 11 5.70 {10°%) 16.12  0.42 11 1.20 (1072)
11 (6/26) 7.5 0.5 11 .69 (10°%) 16.64 0.47 11 1.11 (1077
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