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1.0 MECUTIVE SUMMARY 

I 
I The feasibility of us ing  a non-toxic water based Polymeric Barrier System 

(PBS) for the interim control of several types of contaminated materials was 

demonstrated on a pilot scale by a field test  a t  the Feed Materials Production I 
Center on September 28, 1988. 

sections simulating contaminated mter ia l ,  e r e  covered with a continuous 

polymeric coating i n  a two-stage process. 

recently excavated soil ,  f l y  ash and a compacted roadway surface) were chosen 

to  demnstrate the wide variety of substrates to  which the PES can be 

applied. 

isolated the test  section material from the external environment. The test 

sections have been visually mnitored since the date of the field test. 

Despite four weeks of exposure to the outdoor elements (wind, rain, sunl ight  

and the associated thermal cycling), the polymeric barrier material on two of 

Using a spray application system three tes t  

- I 
I 

I 
I 

The test  sections (consisting of 

I 
After curing the W S  formed a flexible, impermeable coating that 

the three test  sections (excavated soil  and fly ash), has maintained its 

integrity and shows no visual evidence of weathering. 

subjected to  uncontrolled vehicular t raff ic  and the barrier surface on some 

portions of this tes t  section has been significantly degraded. 

material on the other two tes t  sections appears to be j u s t  as strong and 

durable as it was on the day of the field test. 

The roadway section was 
I 
I 

I 

The barrier ' 

I 
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2.0 BACKGROUND 

On June 3, 1988 the University of Cincinnati submitted a proposal to  

Westinghouse Materials Company of Ohio ( i i l C 0 )  to perform a 9O-day 

demonstration project  on the f e a s i b i l i t y  of using a polymeric ba r r i e r  system 

(PBS) f o r  the interim control  of hazardous mterial a t  the Uranium Feed 

Materials Production Center (FMPC) at  Fernald, Ohio. During the project  t he  

University proposed to undertake a short  material development program to  

re f ine  an exis t ing  low-toxicity water-based polymeric ba r r i e r  system that had 

been b r i e f ly  investigated as part of a previous project .  1 

After the development program was completed the University proposed to 

conduct a f e a s i b i l i t y  f i e l d  test demonstration of the PES on the following 

soil test sections on the FMFC site: 

1. Fly ash 

2. Roadway surface 

3. Excavated soil 

The proposed test sec t ions  had surface areas of between 50 and 100 square f e e t  

and were a l l  inside the FMFC property l i nes  and outs ide the FMFC secur i ty  

fence . 
The PBS was to be applied to  the test sect ions by a spray application 

system which had already been demnstrated in  several  p i l o t  scale f i e l d  

tests. 

w i t h  a durable, continuous polymeric coating t h a t  would isolate the test 

sec t ion  mterial from the external  environment and prevent its fur ther  

dispersion by w i n d  or rain.  

would be visual ly  mni to red  for in t eg r i ty  and du rab i l i t y  fo r  a finimum of 30 

After curing the applied Pl3S was expected to  cover. each test sect ion 

The proposal spec i f ied  that the test sec t ions  

days a f t e r  the appl icat ion 

Westinghouse accepted 

of the PES material. 

the University 's  proposal on July 1, 1988 and the 

. ' -  6 
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University began the project immediately thereafter. 

describe the work performed under the term of the project agreement, 

including r e s u l t s  of the mte r i a l  development program, a description of the 

feasibility demonstration field test, the field test results, and the 

conclusions drawn from those results. 

The following sections 

3 
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3.0 MATERIALS DEVELOPMENT PROGRAM 

The mterials development e f f o r t  was r e s t r i c t ed  to the consideration of 

water-based, lm tox ic i ty  materials. lho commercially avai lable  base 

emulsions used indus t r ia l ly  as bases f o r  l a t ex  paint  formulations, an acrylic 

l a t ex  and a vinyl acetate/ethylene co-polymer w e r e  considered. 

have similar functional characteristics and require the use of a thickening 

agent so that the applied material is su f f i c i en t ly  thixotropic  t h a t  it does 

B o t h  emulsions 

not simply drain to  the low-point of an i r regular ly  shaped subs t ra te  surface 

before it sets up. 

thickening agents considered, laboratory experiments demonstrated t h a t  only 

one of the agents w a s  su i t ab le  f o r  the material system selected f o r  t h i s  

application. 

thixotropy i n  the i n t i a l l y  applied material and to enhance the desirable  

properties (continuity,  s t rength,  f l e x i b i l i t y  and du rab i l i t y )  of the cured 

polymeric film. 

primarily of an ac ry l i c  l a t ex  emulsion base with an acrylate thickener was 

In  preliminary invest igat ions of the more than 20 

The evaluation w a s  based on the  agent ' s  a b i l i t y  to induce 

As a result of these experiments a material system consis t ing 

selected f o r  PBS f e a s i b i l i t y  demonstration a t  the ENFC. 

Further experiments, including two pilot-scale f i e l d  tests, determined 

t h a t  the mst re l i ab le  way to e s t ab l i sh  a continuous durable ba r r i e r  f i lm over 

a soil subs t ra te  was by means of a t w o  s t e p  process. 

the subs t ra te  i n  each s t ep  w a s  designed t o  perform a d i f f e ren t  function. 

material applied i n  the f i r s t ' s t e p ,  the primary film, was designed to 

penetrate  the substrate  and to leave a th in  f i lm on the surface.  

a 30 minute soak and setup t ime,  the second step appl icat ion,  consis t ing of 

the secondary f i lm material, is made to the primary-f ilm-coated, subs t ra te  

sur f  ace. 

The mterial applied to 

The 

After about 

b 

4 
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The major component of both the primary and secondary films is the 

ac ry l i c  l a t ex  emulsion. I n  the  case of the primary film, water and a 

sur fac tan t  are added to  enhance the a b i l i t y  of f i lm material to soak i n t o  the 

subs t ra te  and incorporate the subs t ra te  material in to  the film. 

of these mdi f i ca t ions ,  when the primary film material is applied to a water- 

permeable subs t ra te  (such as soil or fly-ash), only a th in  coating of f i lm 

material is lef t  on the subs t ra te  surface and no thickening agent is needed to 

control  film run-off. 

As a result 

J 

The secondary f i lm mterial includes a thickening agent and a pigment 

which gives the cured f i lm a d i s t i n c t i v e  dark brown color and makes it easy t o  

determine f i lm  continuity by visual  inspection. 

- 9  
5 
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4 . 0  !3WC SITE FEASIBILITY FIELD TEST 

. On the mrning of hkdnesday, September 28, the UC project team 

transported the PEE system materials necessary for the Feasibility Field Test 

and the PBS Spray Application System (Table 4 .1)  to  the RlFC site.  

w a s  conducted to  the field test  s i te  by Mr. David Kozak, WMCO Research and 

Cevelopnent Engineer. 

three test sections were selected. The substrates of the test  sections 

consisted of excavated soil ,  f l y  ash and a coqacted roadway surface. 

The team 

By mutual agreement of F l r .  Kozak and the project team, 

4.1 Test Section 1 - Excavated Soil 

A small tes t  section w i t h  a surface area of about 57 sq. f t .  was 

constructed using recently excavated material from the FMPC s i te .  

test section as a substrate, a PBS was spray applied i n  a two step" process. 

primary composition was applied to seal the  surface of the test section, 

followed by a secondary conposition to  resist mchanica1,wear and 

weathering. A v o l m  of 0.93 gal. of the primary composition and 10.0 gal. of 

the secondary composition were applied. 

section 1 are provided i n  Figure 4 .1 .  

Using this 

A 

Geomtry and dimensions of tes t  

Figure 4.1: Plan View of Test Section 1 - Excavated Soil Substrate 

6 
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4 . 2  Test  Section 2 - Fly Ash 

T e s t  Section 2 consisted of a conical ly  shaped, thir ty- three inch high 

p i l e  of weathered f l y  ash and a r e l a t ive ly  f l a t  adjoining t r iangular  area a t  

the  base of the p i l e .  

provided in  Figure 4 . 2 .  

system to  that demonstrated on T e s t  Section 1. 

of the primary composition and 8.8 gal .  of the secondary composition were 

applied. 

Ihe basic geometry and dimensions of Tes t  Section 2 are 

This sect ion was i so la ted  using an ident ica l  t w o  p a r t  

In  t h i s  appl icat ion,  2 . 9  gal .  

b- 84".-=- 

Figure 4.2: Plan View of Test Section 2 - Fly Ash Substrate 

4 . 3  T e s t  Section 3 - Roadway Surface 

T e s t  Section 3 was se lec ted  to demonstrate the mchanica l  wearabi l i ty  of 

the modified ac ry l i c  l a t ex  emulsion system. 

w e l l  compacted roadway surface covered with chipped limestone and l a rge r  

gravel.  

d h e n s  ions. 

This sec t ion  w a s  comprised of a 

Figure 4.3 ,  belw i l l u s t r a t e s  the roadway sec t ion  geometry and 

11 
7 
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Figure 4.3: Plan View of,the 4 Parts of Test Section 3.- Roadway Surface 

After  subdividing Section 3 i n t o  four  parts, severa l  combinations of the 

primary and secondary coatings w e r e  applied. -The volumes and compositions 

applied to each sect ion are as follows: 

Par t  A 

Part  B 

Par t  C 

Par t  D 

Primary 2.2 ga l .  
Secondary 4.0 gal .  

Primary only 2.2 ga l .  

Primary 2.2 ga l .  
Secondary 3.3 gal .  

Secondary only 8 .4  gal .  

T r a f f i c  conditions a t  the test section were also varied. Par t s  A and B 

of T e s t  Section 3 supported heavy truck t r a f f i c  while P a r t s  C and D supported 

mostly car and l i g h t  t r u c k  t r a f f i c .  

1 
I 

12 
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1. 

2. 

3. 

4. 

.5. 

6. 

7. 

8. 

9. 

10. 

TABLE 4 .1  PBS SPRAY APPLICATION SYSTEM 

I3eVilbiss Air operated, high pressure supply p m p  

(Model QEX-€?80-A4, f l u i d  to air  pressure ratio of 33: l )  

I3eVilbiss spray gun, VQ3-511 

DeVilbiss t ransporter  cart, QEX-9990 

Air regulator k i t ,  KX600 

50 f e e t  3300 p s i  hose, 3/8 inch diameter 

I3eVilbiss high pressure surge chamber, 75-8860 

DeVilbiss sa fe ty  valve, KK607 

Fluid nozzles, mximum o r i f i c e  s i z e  of 0.054 inch 

Mastic f lu id  tips, maximum of o r i f i c e  s i ze  0.072 inch 

Diesel operated, high delivery a i r  conpressor, 100 cubic 

feet per minute 

9 
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5.0 RESULTS 

In the t h i r t y  days tha t  have elapsed following the f e a s i b i l i t y  

demns t r a t ion  f i e l d  test, the three PBS test sections have been v isua l ly  

monitored by the UC research team and by WMQ3 development personnel. 

indicated i n  Section 1.0, desp i te  four  weeks of exposure to  the outdoor 

As 

elements (wind, rain, sunl ight  and the associated thermal cyc l ing) ,  the 

polymeric barrier material applied to Test  Sections 1 and 2 has min ta ined  its 

i n t e g r i t y  and shows no v isua l  evidence of weathering. 

The polymeric barrier m t e r i a l  applied to Test Section 3 also provides 170 

visua l  indicat ion of degradation by natura l  weathering. However, heavy 

vehicular  t r a f f i c  over the test sec t ion  before and a f t e r  the curing of the 

polymeric b a r r i e r  has caused so= mechanical darnage to the material. Par t  A 

of T e s t  Section 3 shaws some minor stress cracking of the two-part WS 

material due to the movement of large (3-5" diameter) stones,  displaced by 

t ire ro ta t ion .  Par t  B of Tes t  Section 3 to which only the primary canposition 

w a s  applied showed a near t o t a l  loss of in t eg r i ty .  P a r t s  A and B of Test  

Section 3 located on the only access road to the f l y  ash s torage ar'ea 

supported heavy vehicular t r a f f i c  rout inely.  

Part D, covered with a high volurne secondary coating only, and Part C 

covered w i t h  the  two-part system also evidenced minor abrasive stress 

crack ing . 
Overall, the two-part polymeric barrier system applied to Part C of Tes t  

Section 3 showed the g rea t e s t  mechanical wearabi l i ty  a t  a cost of less than 

$0.50/ft . Cost data f o r  the mterial applied to  a l l  of the T e s t  Sections is 

provided i n  Table 5.1. 

2 

It  is ant ic ipa ted  that adjustments to the thickness of the barrier and 

the addi t ion of extenders or f i l l e r s  to the composition w i l l  f u r the r  reduce 

these costs. 1 4  
i o  
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TABLE 5.2 

COST ANALYSIS DATA 

Consti tuent 

Modified Acrylic Latex Emulsion (62% S o l i d s )  

Surf ac tan t  

pigment (Secondary F i  Im Component 

Acrylate Thickener ( D r y )  

Cost/ lb.($) 

0.765 

2.195 

2.47 

105.33 

P r i m r y  Composition (100 lb .  Basis) 

Component 

Plodif ied Acrylic Latex Ebulsion 

Surf a c t a n t  

P7ater 

Total  Weight 

Primary Cost: $0.70/lb 

Secondary Composition (100 lb .  Basis) 

Component 

Modified Acrylic Latex h u l s i o n  

Suspended Pigment 

Acrylate Thickner (10% Aqueous Solut ion)  

Total  Weight 

Secondary Cost: $0.92/lb. 

Weight ( lbs .  ) 

89.3 

1.0 

9.7 

100.0 

Weiqht ( lbs .  1 

96.0 

3.0 

1.0 

100.0 

16 
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6.0 CONCLUSIONS 

The results of the September 28 FMFC field test have unequivocally 

demonstrated the feasibility of using a two step application process to form a 

durable continuous polymeric barrier over a wide variety of substrate 

materials. 

two-step PES process an attractive method for the interim control of hazardous 

?he toughness and durability of the resulting barrier mke the 

waste material. I 

The barrier produced 

sheet plastics and coated 

contaminated mterial. 

by the PBS process has several advantages over the 

fabrics commonly used to control the dispersion of 

Tarpaulins and similar geotextiles used to isolate contamination from the 

environment have several k n m  limitations. 

become brittle and crack, allowing wind and misture to penetrate. 

of cover is also subject, even while intact, to mvement or removal by wind 

In extremely cold weather most 

?his type 

alone. 

configurations and must be seamed to accomodate all but the smallest 

applications. Polymeric Barrier System, as demonstrated at the FT4pC 

Feasibility Field Test exhibit none of the functional deficiencies of pre- 

fo&d covers such as tarpaulins. 

Tarpaulins additionally do not conform well to nonsymetrical 

In many situations the W S  mterial can be allowed to remain in place 

indefinitely without having an adverse environmental impact. 

the disposal philosophy requires the removal of the substrate to an "ultimate 

disposal site," the PBS material can probably be treated in the sam manner as 

the substrate without having much effect on the overall disposal costs. 

In cases where 

The PBS materials are impervious to wind and rain, conform to any waste 

configuration, and can be applied continuously, even over the space of days, . 

if necessary for very large applications. Unlike other polymer systems 

17  
13 
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currently in use for waste mnagement applications (i.e.: polyurethane and 

I 
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urea/formaldehyde foam) the PBS materials demonstrated have no known 

enviromntal impact. 
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