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ABSTRACT 

The a c t i v i t i e s and r e s u l t s d e s c r i b e d in t h i s r e p o r t a r e p a r t of the 

Low-Level Waste D i s p o s a l Development and Demons t r a t i on (LLWDDD) Program 

t o e v a l u a t e c a n d i d a t e t e c h n o l o g i e s , i n c l u d i n g volume r e d u c t i o n , which 

a r e l i k e l y t o be i n c o r p o r a t e d i n t o l o w - l e v e l r a d i o a c t i v e was te (LLW) 

management f a c i l i t i e s p l anned f o r t h e 1990s . A s i g n i f i c a n t c o s t -

e f f e c t i v e r e d u c t i o n in t h e space r e q u i r e d f o r d i s p o s a l of s o l i d LLW 

i s be ing i n v e s t i g a t e d as a key e lement in implement ing a s t r a t e g y f o r 

managing LLW at Department of Energy f a c i l i t i e s . 

Supercompac t ion and g r o u t i n g t e c h n o l o g i e s were d e m o n s t r a t e d w i t h 

s o l i d LLW from Oak Ridge N a t i o n a l L a b o r a t o r y a t t h e S o l i d Waste S t o r a g e 

Area 5 (SWSA 5) between March 9 and 27, 1987. The s u b c o n t r a c t o r , US 

Ecology of L o u i s v i l l e , Kentucky , used i t s mobi le s u p e r c o m p a c t i o n sys tem 

o p e r a t i n g a t 2200 tons of compress ive f o r c e t o volume reduce 300 5 5 - g a l 

drums of s o l i d LLW. The supe rcompac t ion of t h e s e drums r e s u l t e d in a 

d i s p o s a l c a p a c i t y s a v i n g s of about 85% of t h e o r i g i n a l d i s p o s a l c a p a c -

i t y n e e d s . The packag ing of t h e compacted drums i n t o 47 ove rpacks 

d e c r e a s e d t h e d i s p o s a l c a p a c i t y s a v i n g s by about 19%. The ne t d i s -

p o s a l c a p a c i t y s a v i n g s f rom t h e d e m o n s t r a t i o n p r o j e c t i s about 66% of 

t h e o r i g i n a l , uncompacted w a s t e volume. 

Based on t h e a p p r o x i m a t e l y $95K in d i r e c t c o s t s , t h e s u p e r c o m p a c t i o n 

of t he 2304 f t d of was te p r o c e s s e d c o s t about $ 4 1 / f t 3 of uncompacted 

w a s t e . Once t h e s u p e r c o m p a c t i o n u n i t was s e t up and o p e r a t i n g , t h e 

i n c r e m e n t a l c o s t f o r t h e s u p e r c o m p a c t i o n s e r v i c e s was only about 

$ 4 / f t 3 . The economic a s s e s s m e n t f o r t h i s p r o j e c t r e v e a l e d t h a t t h e 

c o s t - e f f e c t i v e n e s s of o n - s i t e d e m o n s t r a t i o n s i s ve ry s e n s i t i v e to t h e 

o n - s i t e s u p p o r t ( n o n - v e n d o r - r e l a t e d ) c o s t s . The minimum d i s p o s a l 

c o s t s f o r c o s t - e f f e c t i v e n e s s i n t h i s d e m o n s t r a t i o n p r o j e c t was c a l c u -

l a t e d to be about $ 1 8 / f t 3 f o r no o n - s i t e s u p p o r t c o s t s and abou t 

$ 1 8 0 / f t 3 when t h e o n - s i t e s u p p o r t c o s t s r e p r e s e n t e d about 90% of t h e 

t o t a l d e m o n s t r a t i o n p r o j e c t c o s t . 

The most s i g n i f i c a n t c o n c l u s i o n s and recommendat ions f rom t h e 

d e m o n s t r a t i o n a r e r e l a t e d t o equipment improvements , c o s t s , c h a r a c t e r -

i s t i c s of drums, and media c o v e r a g e . 
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1. EXECUTIVE SUMMARY 

The Low-Level Waste D i s p o s a l Development and D e m o n s t r a t i o n 

(LLWDDD) Program, be ing c a r r i e d out by Oak Ridge N a t i o n a l L a b o r a t o r y 

(ORNL) f o r t h e U.S. Department of Energy , Oak Ridge O p e r a t i o n s 

(DOE/CRO), i s i n v e s t i g a t i n g c a n d i d a t e t e c h n o l o g i e s f o r managing low-

l e v e l r a d i o a c t i v e w a s t e s (LLW). C o s t - e f f e c t i v e volume r e d u c t i o n of 

s o l i d LLW to a c h i e v e a s i g n i f i c a n t r e d u c t i o n in t h e space r e q u i r e d 

f o r d i s p o s i n g of t h i s type of was te i s a key e lement in implement ing 

t h e s t r a t e g y f o r managing LLW at DOE f a c i l i t i e s . The a c t i v i t i e s and 

r e s u l t s d e s c r i b e d i n t h i s r e p o r t a r e p a r t cf t h e o v e r a l l LLWDDD 

Program to e v a l u a t e c a n d i d a t e t e c h n o l o g i e s , i n c l u d i n g volume r e d u c -

t i o n , which a r e l i k e l y to be i n c o r p o r a t e d i n t o LLW management f a c i l i -

t i e s p lanned f o r t h e 1990s. 

A d e m o n s t r a t i o n of s u p e r c o m p a c t i o n and g r o u t i n g of 300 5 5 - g a l drums 

of s o l i d LLW from ORNL was s u c c e s s f u l l y comple ted between March 9 and 

27 , 1987, a t t h e ORNL S o l i d Waste S t o r a g e Area 5 (SWSA-5). A l l drums 

had been examined by r e a l - t i m e r a d i o g r a p h y (RTR) p r i o r t o b e i n g p r o -

c e s s e d so t h a t t h o s e drums c o n t a i n i n g f r e e l i q u i d s cou ld be i d e n t i f i e d 

and e l i m i n a t e d . The s u b c o n t r a c t o r , US Ecology of L o u i s v i l l e , Kentucky, 

used i t s mobi le s u p e r c o m p a c t i o n sys t em o p e r a t i n g a t 2200 t o n s of 

c o m p r e s s i v e f o r c e . During t h e d e m o n s t r a t i o n , t h e 300 drums were 

r educed i n volume by a f a c t o r of a p p r o x i m a t e l y 6 . 7 : 1 ; f o l l o w i n g 

g r o u t i n g of t h e supe rcompac ted drums i n t o f o r t y - s e v e n 125 -ga l o v e r -

p a c k s , t he o v e r a l l volume r e d u c t i o n was a p p r o x i m a t e l y 2 . 9 : 1 . 

Dur ing t h e c r u s h i n g of t h e drums, i t was found t h a t a b s o r b e d 

l i q u i d s u n d e t e c t e d by t h e RTR e x a m i n a t i o n s were r e l e a s e d and c o l l e c t e d 

f rom 94 of t h e 300 drums i n amounts v a r y i n g f rom a f r a c t i o n of a p i n t 

up to 3 g a l . A t o t a l of abou t 60 g a l of f u g i t i v e l i q u i d s was c o l l e c t e d 

d u r i n g the p r o c e s s i n g . " However, c o n t a m i n a t i o n of t h e s u p e r c o i a p a c t i o n 

u n i t was i n s i g n i f i c a n t , and d e c o n t a m i n a t i o n t o meet U.S . Depar tment of 

T r a n s p o r t a t i o n (DOT) s t a n d a r d s was c a r r i e d ou t a t t h e c o n c l u s i o n of 

t h e p r o c e s s i n g t o t h e s a t i s f a c t i o n of M a r t i n M a r i e t t a Energy Systems 

and US Eco logy . 
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Fol lowing a 2-d pe r iod (March 10 and 11) of o r i e n t a t i o n and 

whole-body coun t ing of US Ecology pe r sonne l and s u r v e y i n g of the 

supercompactor to e s t a b l i s h a b a s e l i n e con tamina t ion l e v e l , s e tup 

a c t i v i t i e s were conducted a t the j o b s i t e from March 12 to 16. 

During s e t u p , US Ecology assembled t h e i r p r o c e s s i n g u n i t on one 

t r a i l e r and c a r r i e d out some p r e l i m i n a r y decon tamina t ion in and 

around the h y d r a u l i c p r e s s u n i t t o meet ORNL "green t a g " l e v e l s f o r 

t r a n f e r r a b l e r a d i a t i o n as s p e c i f i e d by Energy Systems in the S ta tement 

of Work. As r e c e i v e d , the p re s s u n i t had f a i l e d to meet ORNL s p e c i -

f i c a t i o n s f o r t r a n s f e r r a b l e and f i x e d r a d i a t i o n c o n t a m i n a t i o n . 

ORNL Plan t and Equipment pe r sonne l then c o n s t r u c t e d a temporary 

conta inment e n c l o s u r e of wood, p l a s t i c s h e e t i n g , and plywood around 

t h e e x i t s i d e of the p r e s s to s e rve as a "con tamina ted" (C-zone) 

o p e r a t i n g a r e a . An a i r - l o c k e n c l o s u r e a t the e n t r a n c e to the C-zone 

work a rea was a l s o p r o v i d e d . Other s e tup a c t i v i t i e s inc luded the 

placement and i n t e r f a c e of a l a r g e mobile d i e s e l g e n e r a t o r u n i t a d j a -

cen t to t he job s i t e . This u n i t was brought from Y-12 to g e n e r a t e t h e 

480-V, 3 -phase , 220-A power r e q u i r e d . 

Compacting of LLW drums a c t u a l l y began on March 17 and con t inued 

th rough March 23, 1987. The number of drums p r o c e s s e d per day v a r i e d from 

27 to 75, r e f l e c t i n g t h e i n f l u e n c e of t he de lay i n t r o d u c e d by the 

c l eanup r e q u i r e d a f t e r l i q u i d s squeezed out of drums contaminated the 

p r e s s equipment . Grout ing of t he overpacks was completed on March 25, 

and decon tamina t ion to meet DOT s t a n d a r d s was c a r r i e d out on March 26. 

The supercompact ion u n i t was demobi l ized from the j o b s i t e on March 

27 , and the temporary e n c l o s u r e was taken down. 

The d i r e c t c o s t s i n c u r r e d inc luded a payment to US Ecology of 

app rox ima te ly $41.5K and an overhead charge of about $12.5K. S i t e 

s u p p o r t and m i s c e l l a n e o u s charges a s s o c i a t e d wi th the demons t r a t ion 

a c t i v i t i e s a r e e s t i m a t e d a t about $40K; t he se charges i n c l u d e c o n s t r u c -

t i o n , r i g g i n g , m a t e r i a l s , h e a l t h phys i c s s e r v i c e s , and o t h e r c o s t s . 

Waste Management Opera t ions and LLWDDD labo r c o s t s , procurement 

s e r v i c e s , d i s p o s a l cos t f o r the ove rpacks , and c e r t a i n o t h e r charges 

a r e not i n c l u d e d . Of t h e $41.5K in d i r e c t charges by US Ecology, 
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$13K was f o r m o b i l i z a t i o n to and d e m o b i l i z a t i o n from the s i t e , 

$8.7K was f o r the a c t u a l supercompact ion and g r o u t i n g of the drums, 

and approx ima te ly $19.8K was f o r the overpack and r e i n f o r c i n g cage 

used to produce the f i n a l waste form around the s t a c k of compacted 

drums• 

Based on the approx ima te ly $95K in d i r e c t c o s t s , the supercom-

p a c t i o n of the 2304 f t 3 of waste p rocessed c o s t about $ 4 1 / f t 3 of 

uncompacted w a s t e . I f Energy Systems had opted only to supercompact 

t h e drums, o m i t t i n g the g r o u t i n g o p e r a t i o n by the vendor , t he 

cos t would have been approx imate ly $ 3 2 / f t 3 of uncompacted w a s t e . 

Based on the o n - s i t e vendor charges f o r the supercompac t ion s e r v i c e s 

once the u n i t was s e t up and o p e r a t i n g , t he i n c r e m e n t a l c o s t f o r the 

supercompact ion was only about $ 4 / f t 3 . Thus, t o minimize the c o s t f o r 

t h e o n - s i t e supercompact ion s e r v i c e s , two c o s t - d e t e r m i n i n g f a c t o r s 

must be c o n s i d e r e d : (1) maximizat ion of the number of drums p roces sed 

and (2) min imiza t ion of t he o n - s i t e , n o n - v e n d o r - r e l a t e d suppor t c o s t s . 

The n o n - v e n d o r - r e l a t e d o n - s i t e suppor t c o s t s could be s i g n i f i -

c a n t l y reduced by t h e use of a permanent f a c i l i t y where a supercompac-

t i o n u n i t could be s e t up and o p e r a t e d . For comparison p u r p o s e s , 

placement of the supercompacted drums i n t o a c o n c r e t e v a u l t of the 

type proposed f o r t he ORNL above-grade tumulus d i s p o s a l u n i t , fo l lowed 

by g r o u t i n g of t he void spaces su r round ing the was t e , i s e s t i m a t e d to 

cos t about $ 4 / f t 3 of uncompacted volume. In c o n t r a s t , t he ove rpack ing 

and g r o u t i n g performed by US Ecology cos t app rox ima te ly $ 9 / f t 3 of 

uncompacted volume. 

A systems a n a l y s i s s tudy was conducted to e v a l u a t e t he r e s u l t s 

of t h i s demons t r a t i on p r o j e c t with r e s p e c t t o t h e a p p l i c a b i l i t y of 

t h i s technology as an element of the s o l i d LLW management sys tem. 

The supercompact ion of 300 drums r e s u l t e d i n a d i s p o s a l c a p a c i t y 

s av ings of about 85% of the o r i g i n a l d i s p o s a l c a p a c i t y n e e d s . The 

packaging of 300 compacted drums i n t o 47 overpacks dec reased the 

d i s p o s a l c a p a c i t y s av ings by about 19%. The ne t d i s p o s a l c a p a c i t y 

s av ings from the d e m o n s t r a t i o n p r o j e c t i s about 66% of t he o r i g i n a l 

uncompacted waste volume. 
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About 40% of the 300 drums had uncorapacted d e n s i t i e s of 10 to 

15 l b / f t 3 . Al l uncompacted drums had d e n s i t i e s l e s s than 55 l b / f t 3 . 

The compacted d e n s i t i e s ranged from 30 to 270 l b / f t 3 . About 66% of 

compacted drums had d e n s i t i e s between 75 and 140 l b / f t 3 . A volume 

r e d u c t i o n f a c t o r lower than 10 was ob ta ined from drums whose 

uncompacted d e n s i t y was g r e a t e r than 12 l b / f t 3 . For drums wi th an 

uncompacted d e n s i t y lower than 12 l b / f t 3 , a volume r e d u c t i o n f a c t o r of 

10 to 30 was o b t a i n e d . 

A d i f f e r e n t i a l cos t a n a l y s i s was performed on t h o s e e lements of 

t h e was te management system t h a t were not common to c u r r e n t p r a c t i c e s 

and t o t h i s demons t r a t i on p r o j e c t as a l t e r n a t i v e s c e n a r i o s . I t was 

found t h a t the c o s t - e f f e c t i v e n e s s of us ing s u p e r c o m p a c t i o n / g r o u t i n g 

s e r v i c e c o n t r a c t s f o r t he management of s o l i d LLW at ORNL can be 

i n c r e a s e d by 

1. i n c r e a s i n g the s c a l e of t he o p e r a t i o n , 

2. i n c r e a s i n g the number of drums per overpack , and 

3. d e c r e a s i n g the n o n - v e n d o r - r e l a t e d p r o j e c t suppor t c o s t s . 

The economic assessment f o r t h i s p r o j e c t r e v e a l e d t h a t t he c o s t -

e f f e c t i v e n e s s of o n - s i t e d e m o n s t r a t i o n s i s very s e n s i t i v e to t h e 

o n - s i t e suppor t (non-vendor ) c o s t s . The minimum d i s p o s a l c o s t r e q u i r e d 

f o r c o s t - e f f e c t i v e n e s s in t h i s demons t r a t i on p r o j e c t was c a l c u l a t e d to 

be about $ 1 8 / f t 3 f o r no o n - s i t e suppor t c o s t s and about $ 1 8 0 / f t 3 when 

t h e o n - s i t e suppor t c o s t s r epLesen ted about 90% of t he t o t a l demons t r a t i on 

p r o j e c t c o s t . 

The means f o r f i n a l d i s p o s a l of the overpacks has not been 

dec ided upon, a l though a h i l l - c u t u n i t , a g r e a t e r conf inement d i s p o s a l " 

s i l o , and placement on the tumulus a r e be ing c o n s i d e r e d . 

No a c c i d e n t s , i n j u r i e s , env i ronmen ta l r e l e a s e s , r a d i a t i o n 

r e l e a s e s , or worker exposures occur red as a r e s u l t of the demons t r a -

t i o n . Favorab le p u b l i c i t y was g e n e r a t e d by t h r e e l o c a l t e l e v i s i o n 

news r e l e a s e s and i n l o c a l newspaper coverage . In a d d i t i o n , t h e 

d e m o n s t r a t i o n was w i t n e s s e d on two o c c a s i o n s by r e p r e s e n t a t i v e s of t he 

Tennessee Department of Heal th and Environment . 
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Photographs and a v ideo t ape of t h e d e m o n s t r a t i o n were made and 

US Ecology s u p p l i e d i n f o r m a t i o n r e g a r d i n g t h e i r p r o c e s s i n g e x p e r i e n c e . 

Other s u p p o r t i n g i n f o r m a t i o n t h a t was r e q u i r e d f o r the d e m o n s t r a t i o n 

i n c l u d e d e n v i r o n m e n t a l , h e a l t h , s a f e t y , and q u a l i t y a s su r ance 

documen ta t ion . 

The most s i g n i f i c a n t c o n c l u s i o n s and recommendations from t h e 

d e m o ^ t r a t i o n , which were r e l a t e d t o equipment improvements , c o s t s , 

c h a r a c t e r i s t i c s of the drums, and media c o v e r a g e , a r e as f o l l o w s : 

1 . An improved system i s needed f o r c o l l e c t i n g f u g i t i v e l i q u i d s 

r e l e a s e d d u r i n g the compaction p r o c e s s . This improvement would 

s i g n i f i c a n t l y reduce de l ays In t h e o p e r a t i o n t o c l ean up l i q u i d s 

r e l e a s e d to the drum p r e s s a r e a . 

2 . A v e n d o r - s u p p l i e d r a d i a t i o n con ta inment e n c l o s u r e on the o u t l e t 

s i d e of t he supercompact ion u n i t would f a c i l i t a t e s e t u p and would 

reduce s i t e suppor t c o s t s . 

3 . Because t h e RTR system cannot d e t e c t absorbed l i q u i d s on such 

i tems as mop heads and abso rben t m a t e r i a l s , t h e s e was tes should 

be s e g r e g a t e d from the dry m a t e r i a l s a t t h e p o i n t of g e n e r a t i o n 

and should be c l e a r l y i d e n t i f i e d . 

4 . Favorab le media coverage r e s u l t e d from the d e m o n s t r a t i o n , 

c r e d i t i n g DOE/ORO and Energy Systems f o r t h e i r e f f o r t s t o improve 

r a d i o a c t i v e was te management p r a c t i c e s . C a r e f u l p l ann ing of t h e 

media event a f t e r ach iev ing s u c c e s s f u l o p e r a t i o n g r e a t l y 

i n c r e a s e s the l i k e l i h o o d of a f a v o r a b l e impre s s ion of t he 

t echno logy be ing d e m o n s t r a t e d . 



2. INTRODUCTION 

2.1 COORDINATION OF WASTE MANAGEMENT DEMONSTRATION ACTIVITIES 

The Oak Ridge Model has been e s t a b l i s h e d to p r o v i d e o v e r s i g h t and 

d i r e c t i o n f o r i d e n t i f y i n g and implement ing a c c e p t a b l e s o l u t i o n s to was te 

management problems t h rough i n t e r a c t i o n among t h e U.S . Department of 

Energy (DOE), t h e U.S. E n v i r o n m e n t a l P r o t e c t i o n Agency (EPA), s t a t e 

r e g u l a t o r s , t h e p r i v a t e s e c t o r , and academic i n s t i t u t i o n s . The Oak Ridge 

Model i s t h e means t h a t DOE's Oak Ridge O p e r a t i o n s (DOE/ORO) w i l l use 

t o c a r r y out a c o r p o r a t e approach t o s o l v i n g was t e management p rob lems 

t h a t e x i s t a t i t s f a c i l i t i e s . 

O p e r a t i n g as t h e t e c h n o l o g y d e m o n s t r a t i o n arm of t h e Oak Ridge 

Model, t h e Waste Management Technology Cen te r (WMTC) was e s t a b l i s h e d 

as a s e r v i c e o r g a n i z a t i o n t o a d d r e s s t h e o v e r a l l was t e management 

d e m o n s t r a t i o n w i t h i n DOE/ORO. I n o r d e r t o accompl i sh t h i s t a s k , 

t h e WMTC w i l l be c o n d u c t i n g , c o o r d i n a t i n g , or p a r t i c i p a t i n g in a 

v a r i e t y of a c t i v i t i e s d i r e c t l y r e l a t e d to d e f i n i n g a c c e p t a b l e s o l u -

t i o n s t o DOE/ORO was te management p r o b l e m s . There w i l l be a g r e a t e r 

f o c u s on t h e a c t u a l d e m o n s t r a t i o n s of a v a i l a b l e t e c h n o l o g y u s i n g 

DOE/ORO w a s t e m a t e r i a l s . These d e m o n s t r a t i o n s a r e e x p e c t e d to be c o n -

d u c t e d p r i m a r i l y by q u a l i f i e d companies w i t h i n t h e p r i v a t e s e c t o r who 

w i l l be s e l e c t e d f o r p a r t i c i p a t i o n t h r o u g h a Reques t f o r P r o p o s a l (RFP) 

p r o c e s s t o be conduc ted by t h e P u r c h a s i n g D i v i s i o n of M a r t i n M a r i e t t a 

Energy Sys tems , I n c . Dur ing t h e pe r fo rmance of t h e s e d e m o n s t r a t i o n s , 

t h e WMTC w i l l be a c c u m u l a t i n g i n f o r m a t i o n needed t o d e f i n e an o v e r a l l 

w a s t e management s t r a t e g y f o r DOE/ORO f a c i l i t i e s . 

U l t i m a t e l y , t h e i n f o r m a t i o n g e n e r a t e d by t h e w a s t e management 

d e m o n s t r a t i o n s t o be conduc ted ove r t h e next s e v e r a l y e a r s w i l l be 

used t o i d e n t i f y and p r o v i d e t r e a t m e n t , s t o r a g e , and d i s p o s a l 

f a c i l i t i e s a n d / o r s e r v i c e s f o r DOE/ORO which w i l l be a c c e p t a b l e t o 

t h e r e g u l a t o r y a g e n c i e s , t h e p u b l i c , and DOE. 

2 . 2 DEMONSTRATION OF IMPROVED SOLID WASTE DISPOSAL PRACTICES 

DOE/ORO f a c i l i t i e s have l a r g e q u a n t i t i e s of h i g h - v o l u m e , low-

a c t i v i t y , s o l i d l o w - l e v e l w a s t e s (LLW) b e i n g g e n e r a t e d a t s even s i t e s 

6 
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[Oak Ridge N a t i o n a l Labora to ry (ORNL), Oak Ridge Gaseous D i f f u s i o n 

P l a n t (ORGDP), and the Y-12 P l a n t , Oak Ridge, Tennessee ; Por tsmouth 

Gaseous D i f f u s i o n P l a n t , P i k e t o n , Ohio; Paducah Gaseous D i f f u s i o n 

P l a n t , Paducah, Kentucky; RMI E x t r u s i o n P l a n t , Ash t abu la , Ohio; and 

t h e West inghouse Feed M a t e r i a l s P r o d u c t i o n C e n t e r , F e r n a l d , O h i o ] . 

Sha l low- land b u r i a l ic t he pr imary means of d i s p o s a l f o r t h i s s o l i d 

LLW. Because a v a i l a b l e space f o r t h i s method of d i s p o s a l i s be ing 

used up r a p i d l y , volume r e d u c t i o n f o r s o l i d was tes i s be ing pursued 

v i g o r o u s l y as t h e most p romis ing means r e a d i l y a v a i l a b l e f o r e x t e n d i n g 

t h e l i f e of e x i s t i n g f a c i l i t i e s and f o r r e d u c i n g t h e scope of f u t u r e 

f a c i l i t i e s . 

Supercompact ion i s an e f f e c t i v e mechan ica l volume r e d u c t i o n p r o -

c e s s t h a t i s d i s t i n g u i s h e d f rom o r d i n a r y compact ion by the f o r c e d e l i v -

e r e d by the p r e s s (>1000 tons of compress ive f o r c e ) . Commonly used 

by t h e n u l c e a r power i n d u s t r y t o reduce the volume of was te p r i o r t o 

s t o r a g e and d i s p o s a l , supercompact ion has been r ecogn ized as be ing 

capab l e of volume r educ ing was t e s f o r m e r l y c o n s i d e r e d to be noncompact-

i b l e . M a t e r i a l s i n t h i s c a t ego ry i n c l u d e s t r u c t u r a l l y r i g i d i t e m s , 

such as p i p e s , v a l v e s , motors , c e r t a i n c o n s t r u c t i o n m a t e r i a l s , e t c . 

Demons t ra t ion of supercompact ion c a p a b i l i t i e s a v a i l a b l e f rom t h e 

p r i v a t e s e c t o r i s a key element in t h e imp lemen ta t ion of t he Low-Level 

Waste D i sposa l Development and Demons t ra t ion (LLWDDD) s t r a t e g y . The 

p lanned volume r e d u c t i o n d e m o n s t r a t i o n program i n c l u d e s supercompac-

t i o n of a v a r i e t y of D0E/0R0 was tes and a comparison of p r o c e s s i n g 

o n - s i t e ( a t a D0E/0R0 f a c i l i t y ) and o f f - s i t e ( a t a p r i v a t e s e c t o r 

f a c i l i t y ) . There a r e c e r t a i n r i s k s and c o s t f a c t o r s a s s o c i a t e d w i th 

o n - s i t e vs o f f - s i t e p r o c e s s i n g which t h e d e m o n s t r a t i o n program w i l l 

a d d r e s s and e v a l u a t e . 

The d e m o n s t r a t i o n d e s c r i b e d i n t h i s r e p o r t was among t h e f i r s t 

i n which a p r i v a t e s e c t o r company, s e l e c t e d by a c o m p e t i t i v e b i d d i n g 

p r o c e s s , was c o n t r a c t e d t o demons t r a t e a v a i l a b l e was te management t e c h -

nology a p p l i c a b l e t o D0E/0R0 s o l i d LLW. As a r e s u l t of t he d e m o n s t r a -

t i o n , Energy Systems, s e r v i n g as t he o p e r a t i n g c o n t r a c t o r f o r f i v e of 

t h e D0E/0R0 f a c i l i t i e s , i n t e n d s to use t h e i n f o r m a t i o n ga ined from t h i s 
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d e m o n s t r a t i o n , and from f u t u r e d e m o n s t r a t i o n s i n v o l v i n g o t h e r enhanced 

was t e fo rms , to u l t i m a t e l y d e f i n e a was te d i s p o s a l p r o c e s s f o r LLW 

which w i l l be a c c e p t a b l e to t he r e g u l a t o r y agenc ie s and to DOE/ORO. 

In t h i s d e m o n s t r a t i o n , conducted by US Ecology of L o u i s v i l l e , 

Kentucky, 300 5 5 - g a l drums c o n t a i n i n g s o l i d LLW were crushed a t So l id 

Waste S to rage Area 5 (SWSA 5) on the Oak Ridge R e s e r v a t i o n . The 

c rushed drums were then p laced in overpack c o n t a i n e r s and e n c a p s u l a t e d 

by i n j e c t i n g the c o n t a i n e r s w i th g rou t / cemen t to f i l l a l l vo ids and 

produce a s t a b l e was te form. A l l a c t i v i t i e s du r ing the demons t r a t ion 

were s u b j e c t to the r e q u i r e m e n t s d e t a i l e d in the s t a t e m e n t of work 

(SOW), which was p a r t of the RFP.1 This document c o n t a i n e d 

p r o v i s i o n s f o r e n s u r i n g the p r o t e c t i o n of workers and t h e env i ronment , 

as we l l as the o v e r a l l i n t e r e s t s of Energy Systems and DOE/ORO. 

2 . 3 OBJECTIVES OF THIS DEMONSTRATION 

To produce an enhanced waste form having g r e a t e r i n t e g r i t y and 

r e s i s t a n c e to permeat ion by g roundwate r , t he LLWDDD Program, managed 

by t h e WMTC, i s c o n s i d e r i n g the e n c a p s u l a t i o n of volume-reduced was tes 

i n h i g h - d e n s i t y g rou t w i t h i n s u i t a b l e c o n t a i n e r s p r i o r to d i s p o s a l . 

The r e s u l t i n g waste forms w i l l be used to e v a l u a t e t h e p o t e n t i a l of 

t h i s t e chn ique f o r a c h i e v i n g g r e a t e r was te s t a b i l i t y and i s o l a t i o n . 

I n c a r r y i n g out t h i s d e m o n s t r a t i o n , t h e WMTC in t ended t o o b t a i n c o s t 

and per formance i n f o r m a t i o n r e l a t e d t o supercompact ion of s o l i d LLW 

drums and subsequent g r o u t / c e m e n t e n c a p s u l a t i o n of the compacted 

drums in s u i t a b l e o v e r p a c k s . 

I n o r d e r to o b t a i n c o s t and per formance i n f o r m a t i o n r e l a t e d t o 

volume r e d u c t i o n and e n c a p s u l a t i o n of t he 300 5 5 - g a l drums processed 

d u r i n g t h i s d e m o n s t r a t i o n , t h e f o l l o w i n g s p e c i f i c o b j e c t i v e s were 

s p e c i f i e d in the SOW: 

1 . o b t a i n compaction f a c t o r s f o r t he i n d i v i d u a l drums, 

2 . o b t a i n s u b c o n t r a c t o r and i n t e r n a l (Energy Systems) suppor t c o s t s 

f o r the o n - s i t e supercompact ion and e n c a p s u l a t i o n s e r v i c e , 

3 . e v a l u a t e the e f f e c t i v e n e s s of the r e a l - t i m e r ad iog raphy (RTR) 

u n i t used by ORNL t o i d e n t i f y drums c o n t a i n i n g f r e e l i q u i d s , 
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4 . a s s e s s the problems a s s o c i a t e d with f u g i t i v e l i q u i d s and the 

volume of l i q u i d l i b e r a t e d from the supercompacted drums, 

5. a s s e s s o p e r a t i n g problems a s s o c i a t e d wi th t h i s t echno logy , and 

6. e v a l u a t e h e a l t h phys ics and i n d u s t r i a l hygiene d a t a . 

I n g e n e r a l , t he p resence of unde t ec t ed l i q u i d s in c o n t a i n e r s of 

contamina ted s o l i d was te t h a t w i l l e v e n t u a l l y undergo compaction i s 

u n d e s i r a b l e . The RTR system used by ORNL, a con t inuous X-ray t e c h -

n ique i n s t a l l e d a t t he Waste Examinat ion and Assay F a c i l i t y , has been 

developed f o r examining and c e r t i f y i n g t h a t f r e e l i q u i d s a r e absen t 

f rom c o n t a i n e r s of w a s t e . This system i s shown in F i g . 2 . 1 . An 

impor tan t o b j e c t i v e of t h i s demons t r a t i on was to e v a l u a t e the e f f e c -

t i v e n e s s of the RTR t echn ique by obse rv ing the amount of l i q u i d s 

r e l e a s e d du r ing the compaction p r o c e s s . During the d e m o n s t r a t i o n , the 

volume of l i q u i d r e l e a s e d from i n d i v i d u a l drums was recorded by US 

Ecology . Although the h a n d l i n g of f u g i t i v e l i q u i d s proved to be 

somewhat of an o p e r a t i o n a l problem, a l l l i q u i d s were c o n t a i n e d , 

c o l l e c t e d , and r e t u r n e d t o Energy Systems. 



ORNL PHOTO 8615-88 

F i g . 2 . 1 . Rea l - t ime radiography (RTR) u n i t . 



3. DESCRIPTION OF ACTIVITIES 

3 . 1 SCOPE OF WORK 

US Ecology f u r n i s h e d o n - s i t e supercompact ion c a p a b i l i t i e s a t 

ORNL's SWSA-5 to compact 300 55-ga l drums c o n t a i n i n g s o l i d LLW. 

Energy Systems p e r s o n n e l p rov ided s i t e suppor t f o r t he d e m o n s t r a t i o n , 

i n c l u d i n g the c o n s t r u c t i o n of a temporary e n c l o s u r e on the o u t l e t s i d e 

of the supercompactor to c o n t a i n any f u g i t i v e r a d i o a c t i v i t y t h a t could 

have been gene ra t ed dur ing t h e course of t he a c t i v i t i e s . In a d d i t i o n , 

o t h e r suppor t p rov ided by Energy Systems i n c l u d e d the s t a g i n g of 300 

drums near t he i n l e t of the drum p r e s s ; the p r o v i s i o n and o p e r a t i o n of 

a mobile g e n e r a t o r to supply the 480-V, 3 - p h a s e , 220-A power r e q u i r e d ; 

and the p r o v i s i o n of o n - s i t e pe r sonne l ( h e a l t h p h y s i c s , o p e r a t i o n s 

i n t e r f a c e , p r o j e c t manager, and c r a f t s u p p o r t ) . The supercompact ion 

u n i t as s e t up a t SWSA-5 i s shown i n F i g . 3 . 1 . 

The 300 55-ga l drums of waste p rocessed were c h a r a c t e r i z e d by 

ORNL p r i o r t o t h e demons t r a t i on and were p rov ided t o US Ecology a t t h e 

SWSA-5 work s i t e . The l o w - l e v e l , r a d i o a c t i v e l y contamina ted was tes 

c o n t a i n e d in the drums can be d e s c r i b e d as bulk s o l i d s c o n t a i n i n g low 

c o n c e n t r a t i o n s of f i s s i o n p r o d u c t s . The e x t e r n a l gamma r a d i a t i o n 

l e v e l s f o r a l l drums was l i m i t e d t o 200 mrem/h as de te rmined by 

e x i s t i n g ORNL p r o c e d u r e s . However, t o l i m i t the p o t e n t i a l f o r a 

s i g n i f i c a n t r e l e a s e of r a d i a t i o n i n f u g i t i v e l i q u i d s p r e s s e d out of 

t h e waste du r ing the compaction p r o c e s s , the d e c i s i o n was made du r ing 

t h e demons t r a t ion t o p rocess only drums hav ing an e x t e r n a l r a d i a t i o n 

l e v e l of no more than 50 mrem/h. The t r a n s u r a n i c con t en t of the was te 

was l i m i t e d to 100 n C i / g . The was te m a t e r i a l s i n t he drums inc luded 

c l o t h i n g , shoe c o v e r s , r a g s , p r o t e c t i v e equipment , p a p e r , p l a s t i c , 

wood, b u i l d i n g m a t e r i a l s , a wide v a r i e t y of meta l o b j e c t s ( i n c l u d i n g p ipe 

and v a l v e s ) , and decon t amina t i on and c leanup m a t e r i a l s . A l l drums had 

been examined by the RTR t echn ique to d e t e c t l i q u i d s b e f o r e d e l i v e r y 

to US Ecology, and a v i d e o t a p e of the examina t ion was kep t as a r e c o r d . 

Many of the drums, which were not of the type approved by the U.S. 

Department of T r a n s p o r t a t i o n (DOT) as s u i t a b l e f o r shipment over the 

p u b l i c highways, were i d e a l f o r an o n - s i t e d e m o n s t r a t i o n . 

11 
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F i g . 3 . 1 . Supercompaction u n i t s e t up a t St/SA-5 s i t e . 
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During the supercompac t ion , US Ecology placed the supercom-

pac ted drums (pucks ) in 125-ga l s t e e l overpacks f i t t e d wi th a r e i n -

f o r c i n g s t e e l cage around t h e s t a c k of pucks . Fo l lowing the 

compact ion o p e r a t i o n s , US Ecology f i l l e d the a n n u l a r space around 

t h e s t a c k of pucks i n the 47 overpacks wi th a cement g r o u t s p e c i f i e d 

t o have a minimum unconf ined compress ive s t r e n g t h of 2000 p s i . The 

cement g rou t was s u p p l i e d by a l o c a l f i r m and was d e l i v e r e d i n s t a n -

dard t r u c k s f i t t e d wi th r o t a t i n g t i l t m i x e r s . A nominal t h i c k n e s s of 

3 i n . of g rou t was p laced between the s t a c k of pucks and the w a l l of 

t he overpack du r ing the g e n e r a t i o n of the f i n a l waste fo rm. 

Energy Systems p rov ided US Ecology p e r s o n n e l w i t h an i n i t i a l 

o r i e n t a t i o n in which ORNL h e a l t h , s a f e t y , and env i ronmen ta l p r o t e c t i o n 

r e q u i r e m e n t s were d e s c r i b e d . As an added p r e c a u t i o n , Energy Systems 

c a r r i e d out whole-body r a d i a t i o n coun t i ng su rveys f o r a l l US Ecology 

p e r s o n n e l upon t h e i r a r r i v a l and b e f o r e t h e i r d e p a r t u r e . In a d d i t i o n , 

Energy Systems e s t a b l i s h e d a " b a s e l i n e " r a d i a t i o n su rvey of the US 

Ecology equipment upon i t s a r r i v a l and b e f o r e d e m o n s t r a t i o n a c t i v i t i e s 

were a l lowed t o b e g i n . These su rveys were r e p e a t e d a f t e r t he f i n a l 

decon tamina t ion p rocedures were c a r r i e d o u t , p r i o r to r e l e a s i n g t h e 

equipment f o r t r a n s p o r t over p u b l i c highways under DOT r e q u i r e m e n t s , 

a s summarized In a l e t t e r 2 f r o m R* L* J e f f e r s of t he ORNL R a d i a t i o n 

and S a f e t y Surveys Depar tment . As a r e s u l t of the i n i t i a l , b a s e l i n e 

s u r v e y , US Ecology was r e q u i r e d to c a r r y out a moderate amount of 

d e c o n t a m i n a t i o n b e f o r e beg inn ing t h e supercompac t ion o p e r a t i o n s . 

During t h i s d e c o n t a m i n a t i o n , i t was v e r i f i e d t o Energy Systems t h a t 

t he ORNL "green t ag" t h r e s h o l d r a d i a t i o n l e v e l f o r t r a n s f e r r a b l e 

r a d i a t i o n was not being exceeded . 

C o n s i d e r a b l e i n t e r n a l documenta t ion i s r e q u i r e d by Energy Systems 

f o r o n - s i t e d e m o n s t r a t i o n s in which a s u b c o n t r a c t o r pe r fo rms work on 

DOE/ORO f a c i l i t i e s wi th DOE/ORO w a s t e s . The purpose of t h e documen-

t a t i o n i s t o p r o t e c t t h e i n t e r e s t s of Energy Systems and DOE/ORO i n 

a c t i v i t i e s c a r r i e d out by a s u b c o n t r a c t o r . As a r e s u l t of t h i s 

d e m o n s t r a t i o n and o t h e r s conducted under s i m i l a r c i r c u m s t a n c e s , t h i s 

documen ta t ion , des igned to p r o t e c t the i n t e r e s t s of a l l I n v o l v e d , has 

proven t o be i n v a l u a b l e . For t h i s o n - s i t e d e m o n s t r a t i o n , t h e 

f o l l o w i n g documenta t ion was p r o v i d e d : 
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1. Statement of work for supercompaction and grouting of RTR Drums,1 

including an appendix detailing the Energy Systems administrative 
requirements regarding environmental, health, safety, and 
transportation protection with which the subcontractor is 
required to comply. 

2 . Documents f o r both t h e s u p e r c o m p a c t i o n and g r o u t i n g a c t i v i t i e s t o 

s a t i s f y N a t i o n a l Env i ronmen ta l P o l i c y Act r e q u i r e m e n t s f o r 

e n v i r o n m e n t a l a c t i v i t i e s and a d d r e s s t h e e n v i r o n m e n t a l p r o t e c t i o n 

of t h e s i t e d u r i n g t h e d e m o n s t r a t i o n . 

3 . S a f e t y a s s e s s m e n t d o c u m e n t a t i o n f o r a l l d e m o n s t r a t i o n a c t i v i t i e s , 

t o d e t e r m i n e t h e adequacy of US E c o l o g y ' s and Energy Sys tems ' 

s a f e t y sys tems a s s o c i a t e d w i t h t h e d e m o n s t r a t i o n a c t i v i t i e s . No 

f u r t h e r d o c u m e n t a t i o n ( such as a f i n a l s a f e t y a n a l y s i s r e p o r t o r 

an o p e r a t i o n a l s a f e t y r e q u i r e m e n t s document) was found t o be 

r e q u i r e d . 

4 . O u a l i t y a s s u r a n c e d o c u m e n t a t i o n c o v e r i n g Energy Sys tems ' 

s u p p o r t f o r t h e d e m o n s t r a t i o n . 

A summary of p r o c e s s i n g d a t a and e x p e r i e n c e was s u p p l i e d by US Ecology 

i n l a t e J u l y 1987 t h a t p r o v i d e d d e t a i l s of t h e o n - s i t e d e m o n s t r a t i o n 

r e s u l t s f o r t h e s u p e r c o m p a c t i o n of th-> 300 RTR-examined drums and t h e 

f o r t y - s e v e n 125-ga l g r o u t e d ove rpack w a s t e forms p r o d u c e d . Much of 

t h e i n f o r m a t i o n c o n t a i n e d i n t h i s r e p o r t i s based on t h e d a t a and 

d e s c r i p t i o n s s u p p l i e d by US Ecology i n t h e i r summary. 

3 . 2 EOUIPMENT DESCRIPTION AND SPECIFICATIONS 

The US Ecology s u p e r c o m p a c t o r c o n s i s t e d of a 2 2 0 0 - t o n v e r t i c a l 

h y d r a u l i c p r e s s b u i l t o n t o a 4 9 - f t d o u b l e - d r o p t r a i l e r equ ipped w i t h 

two f i x e d a x l e s and two s t e e r a b l e a x l e s . Because of t h e h igh p a y l o a d , 

t h e t r a i l e r was d e s i g n e d w i t h f o u r a x l e s and added l e n g t h so t h a t i t 

cou ld be t r a n s p o r t e d t h r o u g h any s t a t e w i t h o v e r l o a d p e r m i t s . The 

t r a c t o r and compactor t r a i l e r weighed a t o t a l of 115,000 }b , c r e a t i n g 

a x l e w e i g h t s of <18,000 l b . An a r t i s t ' s r e n d e r i n g of t h e supercompac-

t i o n u n i t i s shown i n F i g . 3 . 2 . 
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F i g . 3 . 2 . US Ecology ' s supercompaction equipment. 
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The h y d r a l i c power u n i t and c o n t r o l room module were c o n s t r u c t e d 

so t h a t they could be de tached and sh ipped on a s e p a r a t e s t a n d a r d f l a t -

bed t r a i l e r . When the supercompact ion system a r r i v e d a t ORNL, f o u r 

j a c k s t a n d s were used to r a i s e the h y d r a u l i c u n i t above the f l a t - b e d 

t r a i l e r . The f l a t - b e d t r a i l e r was then p u l l e d from undernea th the 

h y d r a u l i c power u n i t , and t h e compaction p r e s s t r a i l e r was p o s i t i o n e d 

u n d e r n e a t h the power u n i t . The power u n i t was then lowered onto the 

compact ion t r a i l e r and a t t a c h e d with f o u r s t a n d a r d ca rgo c o n t a i n e r 

l o c k s . The assembled compactor u n i t was then ready f o r f i n a l 

a s sembly , which co i . a i s t ed of e l e c t r i c a l power hookup, conveyor 

a t t a c h m e n t , and h y d r a u l i c c o n n e c t i o n s . 

The v e r t i c a l h y d r a u l i c p r e s s i n s t a l l e d i n t h e p r o c e s i n g t r a i l e r 

was manufac tured by Hansa P r o j e k t Company of the F e d e r a l Republ ic of 

Germany. Drums to be compacted were f ed i n t o t h e i n l e t s i d e of t he 

t r a i l e r by means of a conveyor to t h e p r e s s p l a t f o r m . A " c l a m s h e l l " 

mold, h inged f o r easy opening and c l o s i n g , c lo sed and locked around 

t h e drum. 

A h y d r a u l i c a l l y a c t i v a t e d p i s t o n , hav ing the same d iameter as the 

drum, p r e s s e d the drum w i t h i n t h e c o n f i n e s of t he mold u n t i l a p r e s e t 

r e s i s t a n c e (about 2200 tons f o r t h i s d e m o n s t r a t i o n ) was met, s t opp ing 

t h e s t r o k e of the p i s t o n . The p i s t o n was then r e t r a c t e d , the c l a m s h e l l 

mold was unlocked and opened, and the puck was withdrawn from the p l a t -

form v i a a conveyor to t h e o u t l e t s i d e of the t r a i l e r . Doors were p r o -

v ided a t both the i n l e t and o u t l e t openings of t he t r a i l e r ; t h e s e 

doors were c losed du r ing compaction o p e r a t i o n s . A f low of a i r th rough 

the compaction a rea was p rov ided du r ing compaction by an i n d u c e d - d r a f t 

f a n d i s c h a r g i n g through a HEPA f i l t e r and a carbon bed . A l l o p e r a t i o n s 

were observed and c o n t r o l l e d from the c o n t r o l boo th , from which the 

o p e r a t o r could see the movement of drums i n t o and out of the compaction 

a r e a th rough g l a s s windows. 

3 . 3 OPERATION OF THE SUPERCOMPACTOR 

The supercompactor was o p e r a t e d by a f o u r - p e r s o n crew c o n s i s t i n g 

of an o p e r a t o r , a drum l o a d e r , a compacted drum h a n d l e r , and a person to 
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manage Che r e q u i r e d documenta t ion . Opera t ion of the compactor was done 

comple te ly w i t h i n the compactor c o n t r o l room, from which the o p e r a t o r 

i n i t i a t e d the sequences and the mic rop roces so r c o n t r o l l e d the cha in of 

e v e n t s . The computer sys tem c o n s t a n t l y moni tored many i n t e r l o c k s , 

h y d r a u l i c t e m p e r a t u r e s and p r e s s u r e s , and t h e a i r f i l t r a t i o n and con-

veyor sys t ems . The o p e r a t o r viewed the p r e s s o p e r a t i o n th rough t h e 

p r e s s - room windows and moni tored the compact ion i n p u t and o u t p u t v i a 

t h e c l o s e d - c i r c u i t t e l e v i s i o n sys tem. Emergency s t o p b u t t o n s , l o c a t e d 

i n s i x s t r a t e g i c l o c a t i o n s th roughout t h e u n i t , were provided to shu t 

down a l l e l e c t r i c a l h y d r a u l i c power. The h y d r a u l i c system was powered 

by two 72-hp e l e c t r i c motors , each of which was connected t o two 

h y d r a u l i c pumps. An a d d i t i o n a l 10-hp motor and pump s u p p l i e d a l l t he 

sys tem h y d r a u l i c s o t h e r than t h a t t o the main p i s t o n . I n a d d i t i o n to 

t h e s t a n d a r d h y d r a u l i c hardware , t he sys tem i n c l u d e d au tomat i c o i l 

c o o l e r s and h e a t e r s , f i l t e r m o n i t o r s , and o i l s p i l l warning l i g h t s . 

Envi ronmenta l c o n t r o l s on the compaction sys tem i n c l u d e d an a i r 

emi s s ion c o n t r o l system c o n s i s t i n g of a HEPA f i l t e r ,and a carbon bed . 

The HEPA f i l t e r c a r t r i d g e was t e s t e d by Energy Systems p e r s o n n e l and 

was de termined t o have a removal e f f i c i e n c y of 99.93% a t 0 . 3 u« R o l l -

up a i r - l o c k doors were c l o s e d du r ing the e n t i r e compact ion o p e r a t i o n , 

s e a l i n g of f t he p r e s s compartment e n t i r e l y . During the t ime when the 

p r e s s compartment was s e a l e d , t h e a i r f i l t r a t i o n system was drawing 

a i r f rom a r i n g j u s t above t h e c l a m s h e l l mold a t a f low r a t e of about 

260 f t 3 / m i n , t h e r e b y c r e a t i n g a n e g a t i v e p r e s s u r e w i t h i n t h e p r e s s 

compartment to p r e v e n t t h e o u t f l o w of f u g i t i v e e m i s s i o n s . Ai r 

wi thdrawn from i n s i d e t h e p r e s s compartment was passed th rough HEPA 

and c h a r c o a l f i l t e r s and t hen exhaus ted t o the a tmosphere . A d i f -

f e r e n t i a l p r e s s u r e s e n s o r a c r o s s t he f i l t e r c a r t r i d g e s was p rov ided to 

s i g n a l t h e o p e r a t o r when c a r t r i d g e s needed t o be r e p l a c e d t o m a i n t a i n 

optimum f low and e f f i c i e n c y . 

3 . 4 DESCRIPTION OF THE SUPERCOMPACTION PROCESS 

Energy Systems p e r s o n n e l s t aged the 55 -ga l drums near t he 

i n l e t s i de of t he compactor . From t h a t p o i n t , US Ecology p e r s o n n e l 
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took t h e drums, deformed the l o c k i n g r i n g to minimize the d i a m e t e r , 

and loaded the drums onto the inpu t conveyor , as shown in F ig . 3 . 3 . 

As each drum was made ready f o r i n p u t , the drum I d e n t i f i c a t i o n number 

and weight were r e c o r d e d . A f t e r the drum was loaded on to the i npu t 

conveyor , the c o n t r o l room o p e r a t o r i n i t i a t e d t r a n s p o r t of t h e drum 

i n t o the p r e s s , where t h e drum was a u t o m a t i c a l l y c e n t e r e d w i t h i n the 

c l a m s h e l l mold. As the inpu t conveyor a u t o m a t i c a l l y r e t r a c t e d , an 

a u d i b l e s i g n a l sounded and an i n d i c a t o r on the o p e r a t o r ' s c o n t r o l 

pane l s i g n a l e d comple t ion of the f i r s t s t e p . 

The second s t e p invo lved s e c u r i n g the p r e s s compartment and t h e 

c l a m s h e l l s . R o l l - u p doors on the i n l e t and o u t l e t s i d e s of t he p r e s s 

compartment c l o s e d , and the a i r emiss ion c o n t r o l system a u t o m a t i c a l l y 

s t a r t e d , c r e a t i n g a n e g a t i v e p r e s s u r e w i t h i n the compartment. The 

c l a m s h e l l c l o s i n g and l o c k i n g procedure was then i n i t i a t e d . The clam-

s h e l l s r o t a t e d shu t to comple te ly enc lo se the drum w i t h i n the mold. A 

d o v e t a i l e d l a t c h block was p o s i t i o n e d to lock onto a matching dove-

t a i l b u i l t i n t o the c l a m s h e l l s . Upon comple t ion of t h e s e f u n c t i o n s , 

t h e o p e r a t o r was then s i g n a l e d t h a t a l l i n t e r l o c k s were comple ted , 

and the compression cyc l e was begun. 

During the compress ion c y c l e , t h e h y d r a u l i c ram crushed the drum 

wi th i n c r e a s i n g f o r c e u n t i l a f o r c e of 2200 tons was measured by 

t h e sys t em. At t h a t p o i n t t h e h y d r a u l i c p r e s s u r e was r educed , t he 

c l a m s h e l l s were unlocked and opened, and the p i s t o n was r e t r a c t e d . 

A f t e r a l l t h e s e s t e p s were completed and t h e i n t e r l o c k s were 

s a t i s f i e d , the a i r - l o c k doors were r a i s e d . The o u t l e t conveyor s t a r t e d , 

and the puck was a u t o m a t i c a l l y r e t r i e v e d from w i t h i n t h e p r e s s . The 

compacted puck was then moved onto t h e s t o r a g e conveyor t o awai t o v e r -

p a c k i n g . Each overpack had t h e c a p a c i t y t o s t o r e up t o t h r e e pucks . 

F igure 3 .4 i l l u s t r a t e s a t y p i c a l puck t h a t has been withdrawn from 

the p r e s s . Three 125-ga l overpacks were s t a g e d nea r t h e o u t l e t conveyor , 

a l l owing the o p e r a t o r t o choose the overpack which r e s u l t e d i n t h e b e s t 

u t i l i z a t i o n of overpack c a p a c i t y , t he reby minimiz ing overpack cos t and 

d i s p o s a l volume. From t h e o u t l e t conveyor , t he o p e r a t o r l i f t e d t h e puck 

wi th a vacuum h o i s t , t r a n s p o r t i n g i t a long the monora i l c r a n e , and 

lower ing i t i n t o one of the t h r e e ove rpacks . 
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F i g . 3 . 3 . Uncompacted drum i n the p r e s s p r i o r to c l o s u r e of t he c l amshe l l mold. 
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About o n e - t h i r d of t he drums supercompacted r e l e a s e d some amount 

of l i q u i d du r ing t h e p r e s s i n g . Although the p r e s s a r e a was equipped to 

c o n t a i n a smal l amount of runo f f i n a conta inment v e s s e l , volumes of 

l i q u i d of about 1 q u a r t or more p r e s e n t e d unexpected c l eanup prob lems . 

L i q u i d s r e l e a s e d tended t o f low out i n t o the a r e a s u r r o u n d i n g t h e 

c l a m s h e l l and r e q u i r e d removal b e f o r e compaction could resume, t hus 

c a u s i n g a s i g n i f i c a n t de lay i n o p e r a t i o n s . Energy Systems p rov ided US 

Ecology a s p e c i a l p o r t a b l e vacuum sys tem to f a c i l i t a t e removal of l i q u i d 

r e l e a s e s . In a d d i t i o n to t h e c leanup of l i q u i d s i n t h e p r e s s a r e a , i t 

was n e c e s s a r y t o p l a c e b l o t t e r paper on t h e f l o o r of t h e e n c l o s u r e to 

a b s o r b f u g i t i v e l i q u i d s which con t inued t o d r i p out of t he pucks on 

t h e conveyor . 

US Ecology and Energy Systems p e r s o n n e l working w i t h i n t h e 

r a d i a t i o n con t amina t i on c o n t r o l e n c l o s u r e were r e q u i r e d t o wear p r o -

t e c t i v e c l o t h i n g and f i t t e d r e s p i r a t o r s equipped wi th combina t ion 

c a r t r i d g e s . The c l o t h i n g i n c l u d e d d i s p o s a b l e Tyvex s u i t s and shoe 

c o v e r s . Cont inuous a lpha and beta/gamma r a d i a t i o n moni to r s were used 

i n s i d e the e n c l o s u r e t o d e t e c t any r e l e a s e of r a d i o a c t i v i t y . 

3 . 5 DESCRIPTION OF THE OVERPACKING AND GROUTING OPERATION 

To comply w i t h the Energy Systems requ i rement t h a t t h e compacted 

drums be su r rounded by a nominal 3 i n . of r e i n f o r c e d c o n c r e t e i n t h e 

f i n a l waste form, US Ecology opted to c o n s t r u c t t he was te form by 

u s i n g a p r e c a s t bottom c o n c r e t e b i l l e t c o n t a i n i n g the preformed s t e e l 

r e i n f o r c i n g ba r s t h a t would su r round t h e s t a c k of pucks . The 3 - i n . - t h i c k 

b i l l e t c o n t a i n i n g the r e i n f o r c i n g ba r s was p laced i n t h e overpack p r i o r 

t o t he s t a g i n g of the overpack nea r t h e o u t l e t conveyor . A t y p i c a l 

overpack c o n t a i n i n g the b i l l e t w i th r e i n f o r c i n g s t e e l i s shown i n 

F i g . 3 . 5 . The l ayou t of t he r e i n f o r c i n g s t e e l w i t h i n che was te form 

i s shown i n F i g . 3 . 6 . As each compacted drum was p l a c e d in t h e o v e r -

pack , i t was c e n t e r e d w i t h i n t h e s t e e l r e i n f o r c e m e n t . Succeeding 

compacted drums were handled i n t h i s same manner. If any drums had 

u n l e v e l tops or bot toms, a p r e c a s t c o n c r e t e s p a c e r was used to keep 

t h e pucks c e n t e r e d w i t h i n t h e ove rpack . 



F i g . 3 . 5 . Overpack drum with r e i n f o r c i n g s t e e l and b i l l e t in p l a c e . 
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OVERPACK DIMENSIONS 
I. D. = 30" 
I. H. = 41" 

REINFORCING in TOP 

ALL REINFORCEMENT TO 
BE NO. 4 GRADE 60 REBAR 

12" MIN. LAP — 

27" Dia. REBAR-
HOOPS 

REINFORCING in BOTTOM 

• 1 " MIN. OVERPACK TO 
REINFORCING CLEARANCE 

U— 3" THICK PRECAST 
CONCRETE PALLET 

F i g . 3 . 6 . Layout of s t e e l r e i n f o r c i n g cage . 
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The p lacement of compacted drums I n t o an ove rpack was s t o p p e d when 

a minimum of 3 i n . of void s p a c e remained above the s t a c k of pucks . At 

t h a t t i m e , t h e l i d and b o l t r i n g were i n s t a l l e d on t h e o v e r p a c k . The 

e x t e r n a l s u r f a c e s were then wiped f o r smear s u r v e y s t a k e n by Energy 

Systems h e a l t h p h y s i c s p e r s o n n e l t o e n s u r e t h a t t h e r e was no c o n t a m i n -

a t i o n on t h e o u t s i d e of t h e o v e r p a c k . A f t e r each ove rpack was d e t e r m i n e d 

t o be f r e e of e x t e r n a l c o n t a m i n a t i o n , i t was moved o u t s i d e of t he r a d i o -

l o g i c a l c o n t r o l e n c l o s u r e u n t i l a l l s u p e r c o m p a c t i o n o p e r a t i o n s were 

c o m p l e t e d . 

F o l l o w i n g c o m p l e t i o n of s u p e r c o m p a c t i o n , t h e drums were moved i n s i d e 

••he a i r - l o c k s t r u c t u r e of t h e r a d i o l o g i c a l c o n t r o l e n c l o s u r e one a t a t ime 

f o r g r o u t i n g . A f t e r each drum was b rough t i n t o t h e a i r l o c k , a pneumat i c 

v i b r a t o r was a t t a c h e d t o t h e o v e r p a c k , t h e l i d of t h e overpack was 

removed, and t h e top s e c t i o n of t h e r e i n f o r c i n g s t e e l was pu t i n p l a c e . 

Cement g r o u t , which was d e l i v e r e d t o t h e s i t e i n t i l t mixer t r u c k s , was 

conveyed d i r e c t l y i n t o t h e ove rpack from o u t s i d e t h e e n c l o s u r e v i a t h e 

c h u t e p r o v i d e d wi th t h e t r u c k , as shown i n F i g . 3 . 7 . The chu t e was 

wrapped i n p l a s t i c t o avo id t h e p o s s i b i l i t y of c r o s s - c o n t a m i n a t i o n . 

As each overpack was f i l l e d wi th g r o u t , t h e v i b r a t o r was a l l owed 

t o run f o r s e v e r a l m i n u t e s t o e n s u r e t h a t a l l a i r v o i d s would be 

f i l l e d . 

A f t e r each overpack was f i l l e d wi th g r o u t and a d e q u a t e l y 

v i b r a t e d , t h e l i d s and b o l t r i n g s were r e i n s t a l l e d ; and t h e overpack 

was removed from t h e e n c l o s u r e and r e l e a s e d t o Energy Systems p e r s o n -

n e l . 

3.6 POSTCOMPACTION DECONTAMINATION ACTIVITIES 

The r e l a t i v e l y minor amount of d e c o n t a m i n a t i o n r e q u i r e d p r i o r t o 

d e m o b i l i z a t i o n of t he US Ecology equipment r e q u i r e d a p p r o x i m a t e l y 39 

work -hour s by US Ecology p e r s o n n e l . The d e c o n t a m i n a t i o n p roceeded 

f rom t h e a r e a s of lowes t t o h i g h e s t c o n t a m i n a t i o n , b e g i n n i n g w i t h 

t h e i n l e t s i d e of t h e u n i t , which i n c l u d e d t h e i n p u t conveyor and t h e 

l o a d i n g g a n t r y c r a n e . As t h e equipment was d i s a s s e m b l e d , i t was wiped 

down w i t h an aqueous c l e a n i n g s o l u t i o n and r a g s and t h e n su rveyed by 



OflNL PHOTO 2985-87 

F i g . 3 . 7 . Grout ing of an overpack. 
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US E c o l o g y ' s r a d i o l o g i c a l t e c h n i c i a n . A f t e r t he t e c h n i c i a n de termined 

a p a r t i c l u a r p i ece of equipment to be r e l e a s a b l e , a f o l l o w - u p su rvey 

was conducted by Energy Systems h e a l t h phys i c s p e r s o n n e l . As each 

p i e c e of equipment was comple t e ly r e l e a s e d , i t was s t o r e d i n s i d e t h e 

a u x i l i a r y equipment s h i p p i n g c o n t a i n e r . 

A f t e r decon tamina t ion of the i n p u t s i d e equ ipment , d e c o n t a m i n a t i o n 

proceeded to the o u t p u t s i d e equ ipment . The same p rocedu re s t h a t were 

used to decon tamina te t h e Input equipment were a l s o used on the ou tpu t 

equ ipmen t . 

A f t e r decon tamina t ion of a l l e x t e r n a l equipment was comple ted , 

e f f o r t s were d i r e c t e d toward decon t amina t i on of the h y d r a u l i c p r e s s 

equipment con ta ined w i t h i n the p r e s s compartment . Because the compac-

t i o n compartment i t s e l f i s sh ipped as a r a d i o a c t i v e LSA ( l o w - s p e c i f i c -

a c t i v i t y ) package, on ly DOT s t a n d a r d s a p p l i e d t o the shipment of t he 

c l o s e d , i n o p e r a t i v e sys t em. 

3 .7 CHRONOLOGY OF EVENTS 

A chronology of s i g n i f i c a n t e v e n t s p r i o r t o , d u r i n g , and a f t e r t h e 
d e m o n s t r a t i o n i s summarized i n Table 3 . 1 . 
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Table 3 . 1 . Chronology of even t s 

Date Events 

9 / 8 6 - 2 / 8 7 P r e p a r a t i o n of e n v i r o n m e n t a l , h e a l t h , s a f e t y , q u a l i t y 
a s s u r a n c e , and work s t a t e m e n t documenta t ion and procurement 
a c t i v i t i e s were c a r r i e d o u t , i n c l u d i n g p r o j e c t management 
a c t i v i t i e s and assembly and c h a r a c t e r i z a t ion of drums to 
be p r o c e s s e d du r ing the d e m o n s t r a t i o n . 

3 / 9 / 8 7 US Ecology a r r i v e d at SWSA-5 wi th the supercompac t lon 
equ ipment . 

3 /10 /87 US Ecology p e r s o n n e l were g iven r a d i a t i o n p r o t e c t i o n , 
s a f e t y , and env i ronmen ta l o r i e n t a t i o n by Energy Systems 
p e r s o n n e l . 
I n i t i a l s e t u p a c t i v i t i e s were conducted by US Ecology 
a t t h e SWSA-5 s i t e . 

Energy Systems Hea l th Phys ics p e r s o n n e l conducted b a s e -
l i n e survey of US Ecology equipment . 

I n i t i a l whole-body counts were conducted a t ORNL on US 
Ecology p e r s o n n e l . 

3 /11 /87 US Ecology and Energy Systems p e r s o n n e l met t o d i s c u s s 
d e t a i l s of p roceed ing wi th t h e d e m o n s t r a t i o n , I n c l u d i n g 
d e c o n t a m i n a t i o n of the equipment which would be r e q u i r e d 
b e f o r e Energy Systems could permi t compaction to o c c u r . 
I t was dec ided t h a t t h e 100-dpm l i m i t f o r t r a n s f e r r a b l e 
( smear) a l pha con tamina t ion s p e c i f i e d i n the SOW would be 
adhered to but t h a t t he r e q u i r e m e n t s f o r f i x e d r a d i a t i o n 
would be waived s i n c e p r i o r c o n t a m i n a t i o n of the u n i t r e n -
de red the removal of f i x e d r a d i a t i o n t o meet ORNL "green 
t a g " s t a n d a r d s imposs ib l e to a c h i e v e . 

3 /12 /87 The m o t o r - g e n e r a t o r u n i t was d e l i v e r e d from Y-12, s e t up 
nea r t h e d e m o n s t r a t i o n s i t e , and connec ted to the s u p e r -
compact ion equipment . 

US Ecology c a r r i e d out d e c o n t a m i n a t i o n of t he p r e s s u n i t 
t o meet Energy Systems r e q u i r e m e n t s of _<100 dpm of a lpha 
c o n t a m i n a t i o n by t r a n s f e r , t o a s s u r e t h a t p r i o r con tamin-
a t i o n would not be t r a n s f e r r e d t o t h e ORNL drums du r ing 
compac t ion . 

Energv Systems c r a f t p e r s o n n e l began c o n s t r u c t i o n of t he 
e n c l o s u r e on t h e o u t l e t s i d e of t h e t r a i l e r . 

3 /13 /87 Energy Systems de termined t h a t t h e decon tamina t ion t o 
remove t r a n s f e r r a b l e r a d i a t i o n t o 0 0 0 dpm f o r a lpha was 
s a t i s f a c t o r y . 

C o n s t r u c t i o n of the e n c l o s u r e c o n t i n u e d . 

T e s t i n g of US E c o l o g y ' s HEPA f i l t e r i n d i c a t e d an a c c e p t -
a b l e e f f i c i e n c y of 99.93% removal of p a r t i c u l a t e s a t 
t h e 0.3-M l e v e l . 

3 / 14 /87 The e n c l o s u r e was comple ted . 

3 /16 /87 S i t e suppor t a c t i v i t i e s were c a r r i e d o u t , i n c l u d i n g the 
s t a g i n g of t he f i r s t 50 drums by Energy Systems ana the 
p r o v i s i o n of s c a l e s to weigh the drums. 
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Table 3.1 (continued) 

Date Event 
3 /16 /87 US Ecology s u c c e s s f u l l y p rocessed a " c l ean drum" t o 

v e r i f y t h a t t r a n s f e r a b l e r a d i a t i o n r e q u i r e m e n t s were 
be ing met . 
One was te drum was processed p r i o r t o eauipment 
m a l f u n c t i o n . 

3 /17 /87 Compaction o p e r a t i o n s were i n i t i a t e d , wi th some equipment 
p rob lems . T n i r t y - o n e drums were p r o c e s s e d , many of which 
r e l e a s e d a s i g n i f i c a n t amount of l i q u i d s . The main 
s o u r c e of the drums c o n t a i n i n g l i q u i d s was i d e n t i f i e d , 
and drums from t h i s source were removed from the i nven -
t o r y to be p roces sed du r ing the d e m o n s t r a t i o n . 

V i d e o t a p e s of t h e RTR of t he drums t h a t produced 
l i q u i d s du r ing supercompact ion were r ev i ewed , and the 
p r e s e n c e of f r e e l i q u i d s was not observed on the t a p e s . 

Energy Systems h e a l t h p h y s i c s p e r s o n n e l conducted smear 
sampl ing of a l l drums p rocessed t o v e r i f y t h a t t r a n s -
f e r a b l e r a d i a t i o n s t a n d a r d s were being met . 

3 /18 /87 Media coverage of the d e m o n s t r a t i o n was provided by t h r e e 
l o c a l t e l e v i s i o n s t a t i o n s and by The Oak R idge r , The 
K n o x v i l l e J o u r n a l , and The K n o x v i n e News-sent ineTT" 
F i f t y - f o u r drums were p r o c e s s e d , a l t h o u g h r e l e a s e of l i q u i d s 
c o n t i n u e d . A l l drums p rocessed were smear t e s t e d f o r 
s u r f a c e c o n t a m i n a t i o n . 

S i x t y - s i x drums were p r o c e s s e d , a l t h o u g h the p r e sence of 
some l i q u i d s and smear t e s t i n g de layed o p e r a t i o n s . 

Only 20 drums were p rocessed because of de l ays r e s u l t i n g 
from l i q u i d r e l e a s e s . 

Tennessee Department of Hea l th and Environment r e p r e s e n -
t a t i v e observed the d e m o n s t r a t i o n . 

Compaction of 300 drums was comple ted : 47 overpacks were 
f i l l e d , wi th 3 pucks loaded i n t o the 48 th ove rpack . 

US Ecology began c l e a n i n g and d i s a s s e m b l y of t he u n i t 
t o meet DOT r e q u i r e m e n t s . 

A l l overpacks were g rou ted i n s i d e t h e e n c l o s u r e . 

US Ecology and Energy Systems began f i n a l c l eanup and 
d e c o n t a m i n a t i o n a c t i v i t i e s . 

A l l d e m o n s t r a t i o n a c t i v i t i e s were completed and approved , 
i n c l u d i n g h e a l t h phys i c s e x i t s u r v e y s of the equipment . 
Whole-body coun t i ng of US Ecology p e r s o n n e l i n d i c a t e d 
t h a t t h e r e had been no i n c r e a s e i n r a d i a t i o n con tamina t ion 
of p e r s o n n e l . 

US Ecology removed the t r a i l e r c o n t a i n i n g the compaction 
u n i t from SWSA-5. 

3 /30 /87 WMTC informed Energy Systems Procurement t h a t supercom-
p a c t i o n and g r o u t i n g a c t i v i t i e s were completed s a t i s f a c -
t o r i l y . 

4 / 6 / 8 7 R a d i a t i o n p r o t e c t i o n r e s u l t s from t h e d e m o n s t r a t i o n were 
made a v a i l a b l e by Energy Sys tems . 

7 /30 /87 US Ecology d e l i v e r e d a summary on the d e m o n s t r a t i o n , approx-
i m a t e l y f o u r months a f t e r t he d e m o n s t r a t i o n was comple ted . 

3 /19 /87 

3 /20 /87 

3 /21 /87 

3 /24 /87 

3 /25 /87 

3 /26 /87 

3 /27 /87 
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4 . RESULTS 

4.1 INTRODUCTION 

This c h a p t e r p r e s e n t s an a n a l y s i s of t h e r e s u l t s of t h e s u p e r c o m p a c t i o n / 

p a c k a g i n g d e m o n s t r a t i o n . S e c t i o n s 4 . 2 and 4 . 3 p r o v i d e a summary of t he 

volume r e d u c t i o n and c o s t p e r f o r m a n c e of t h e s u p e r c o m p a c t i o n / p a c k a g i n g 

d e m o n s t r a t i o n . A sys tems a n a l y s i s s t u d y was conduc ted t o e v a l u a t e t h e 

r e s u l t s of t h i s d e m o n s t r a t i o n w i t h r e s p e c t t o t h e a p p l i c a b i l i t y of 

t h i s t e c h n o l o g y as an e lement of t h e s o l i d LLW management s y s t e m . The 

r e s u l t s of t h i s sys tems a n a l y s i s s t u d y a r e p r e s e n t e d i n Chap. 5 . 

4 . 2 VOLUME REDUCTION 

The s u p e r c o m p a c t i o n of 300 drums (volume, 7 .68 f t ^ / d r u m ) r e s u l t e d 
i 

i n a d i s p o s a l c a p a c i t y s a v i n g s of abou t 1958.3 f t , o r 85% of t h e 

o r i g i n a l d i s p o s a l c a p a c i t y n e e d s . The packag ing of 300 compacted 

drums, or p u c k s , i n t o 47 o v e r p a c k s (volume, 16.77 f t ^ / o v e r p a c k ) a 
d e c r e a s e d t h e d i s p o s a l c a p a c i t y s a v i n g s f rom 1958.3 t o 1518 f t , o r 

19%. The n e t d i s p o s a l c a p a c i t y s a v i n g s r e a l i z e d f rom t h e d e m o n s t r a -

t i o n p r o j e c t was abou t 66% of t h e o r i g i n a l uncompacted was te volume. 

As I l l u s t r a t e d by F i g . 4 . 1 , t h e d v e r a l l volume r e d u c t i o n and p a c k a g i n g 

f a c t o r s f o r t h i s d e m o n s t r a t i o n a r e as g i v e n be low. 

S u p e r c o m p a c t i o n : 

Volume r e d u c t i o n f a c t o r = Uncompacted was t e vo lume/packaged was t e 
volume 

2 3 0 4 / 3 4 5 . 7 

6.66:1 

S u p e r c o m p a c t i o n / P a c k a g i n g : 

Volume r e d u c t i o n f a c t o r = Uncompacted was t e vo lume/packaged was t e 
volume 

= 2 3 0 4 / 7 8 8 . 2 

= 2 . 9 : 1 

Packag ing f a c t o r = Packaged was te volume/unpackaged was t e 

volume 

= 7 8 8 . 2 / 3 4 5 . 7 

= 2 . 2 8 : 1 
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Fig. 4.1. Systems analysis framework for the ORNL supercompaction and packaging of solid LLW. 
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4.3 COSTS 

The costs accounted for in this demonstration project are summarized 
in Table 4.1. The total cost for the project is estimated to be about 
$195K, which includes about $100K in additional demonstration costs 
over and above those for the subcontractor and the direct on-site sup-
port costs. The variable operating (subcontract) cost for supercompaction 
was $8700, or $29/drum. This cost resulted in an average supercom-
paction cost of about $3.78/ft3 of uncompacted waste. 

The total variable operating (subcontract) cost for packaging the 
compacted drums was $19,025.60, or $404.80/overpack (Table 4.2). 
This cost resulted in an average packaging cost of about $8.26/fta of 
uncompacted waste. Direct materials accounted for 80% of the packaging 
cost, while direct labor accounted for the other 20%. 



Table 4 . 1 . Sup«rco«pacrton demonstrat ion p re l im ina ry cost suaaary 
Bas is : I n i t i a l volume of 500 55-gal drums (57.4-ga l capac i t y ) « 2304 f t 3 . 

Demonstration 
phase 

Var iab le Fixed Incremental u n i t oost ( l / f f J > Demo phase subto ta l 
Demonstration 

phase Task Cost element cost (J) cost (S) Var iab le Fixed Total u n i t cost ( $ / f t J ) 

Preoperat iona l Preparat ion of Statement of Work D i rec t labor 7,700 3.34 3.34 
Subcontract award D i rec t labor 950 0.41 0.41 
OA, sa fe t y , and environmental 
documentation D i rec t labor 7,700 3.34 3.34 
Mobl I l l a t i o n ot supercompactlon 
equipment Total 5,200 2.26 2.26 
Const ruc t ion ot containment ten t D i rec t tabor 

D i rec t ma te r i a l s 
7,765 
4,500 

3.37 
1.95 

3.37 
1.95 

Subtota l 33,815 14.67 14.67 14.67 
Operat ional Pro jec t management D i rec t labor 7,700 3.34 3.34 

SupercompactIon Tota l (1 J29/drum) 8,700 3.78 3.78 
Packaging Tota l (47 • $404.80) 

D i r e c t ma te r i a l s - misc. 
19.025.6 

500 
8.26 
0.22 

8.26 
0.22 

Power supply D i rec t ma te r i a l s 3,180 1.38 1.38 
Heal th phys lcs /mon l to r lng D i r e c t labor 

D i rec t ma te r i a l s 
5,040 

160 
2.19 
0.07 

2.19 
0.07 

HEPA f i l t e r t e s t i n g D i rec t labor 219 0.10 0.10 
Drum s tag ing and o n - s i t e labor 
support D i rec t labor 14,840 6.44 6.44 
P ro jec t documentation 25,400 1.02 1.02 P ro jec t documentation 

Subtota l 87,764 22.44 14.56 36.80 36.80 
Postoperat lona l Demobi l iza t ion of supercompactlon 

equipment Tota l 7,800 3.38 3.38 
Demol i t ion of temporary s t r u c t u r e D i rec t labor 2,000 0.87 0.87 
Disposal of containment t en t Total 1,000 0.43 0.43 
Preparat ion of p r o j e c t assessment 
r e p o r t D i rec t labor 20,000 8.68 8.68 

Subtota l 30,800 13.36 13.36 13.36 
Subtota l 51,665 97,715 22.44 42.39 64.83 63.83 
Overhead (30*) 15,500 29,315 6.73 12.72 19.45 19.45 
Tota l 67.165 127,030 29.17 55.11 84.28 84.28 
Grand t o t a l $194, 195 

to 
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Table 4.2. Supercompaction demonstration packaging cost summary 

Cost element Cost ($) Cost ($) 

Direct materials 

Overpack 
(47 at 0.30 x $404.80) 5,707.70 

Reinforced precast concrete 
(47 at 0.24 x $404.80) 4,566.14 

Reinforced grout 
(47 at 0.26 x $404.80) 4,946.64 

15,220.48 

Direct labor 

Grouting (47 at 0.20 x $404.80) 3,805.12 3,805.12 

Total cost 19,025.60 

Total packaging unit cost ($/overpack) 404.80 



5. SYSTEMS ANALYSIS 

5.1 INTRODUCTION 

The three major objectives of solid LLW volume reduction and 
packaging are to (1) develop an improved waste form for greater con-
finement, (2) reduce the waste volume to extend the life of the current 
disposal sites, and (3) accomplish the other two objectives in a cost-
effective manner. As will be shown in Sects. 5.2 and 5.3, the ability to 
demonstrate the achievement of objective 3 will depend on the performance 
of the waste management cost tracking systems used both for current prac-
tices (no volume reduction and packaging) and for technology demonstra-
tions of, or service contracts for, waste volume reduction and packaging. 

Sections 5.2. and 5.3 evaluate the performance of supercompaction/ 
packaging in terms of the disposal capacity savings and the cost-
effectiveness of this waste management alternative in achieving the 
disposal capacity savings. 

5.2 VOLUME REDUCTION PERFORMANCE ASSESSMENT 

Table 5.1 presents a summary of the results from the supercompac-
tion/packaging demonstration on an overpack basis. To identify the 
type of distribution resulting from the supercompaction, the final 
height of the compacted drums and the associated volume reduction fac-
tor were grouped on an increment of one unit, and the midpoint of the 
range was plotted vs the number of drums in that range (frequency). 

Figures 5.1 and 5.2 present a summary of the results from the super-
compact ion/packaging demonstration on a frequency (number of drums) 
basis. These data do not reflect a normal distribution. Such infor-
mation is useful when comparing data for the same technology. 

It was proposed that the volume reduction factor was determined 
by the difference between the initial and final densities of the waste 
stream. It was further anticipated that the final density of the com-
pacted waste, as determined by the pressure of the compactor, would 
reach a saturation value. 
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Table 5.1. Summary of results of supercompaction/packaging demonstration 

Overpack No. of Total puck Puck height (in.) after 
No. pucks height (in.) supercompaction 

1 9 32.25 2.5/4.5/3.75/4.5/3.5/5/4.5/2.5/1.5 
2 7 33.00 5/3.5/7.75/2/7.5/3.5/3.75 
3 8 31.50 5.5/5/1/5.25/4.5/3.5/2.5/4.25 
4 8 30.25 3/3.5/2.5/4/4.25/4/5.5/3.5 
5 8 31.00 5.5/5/2.5/4/3.5/3.75/3.25/3.5 
6 9 31.75 3.25/3.5/3.25/5/3.5/3.5/3.25/1.5/5 
7 8 32.50 5.5/4.5/3.75/3.25/2.75/5/5/2.75 
8 7 35.50 7/5/3/10.5/3.5/3.5/3 
9 7 31.25 4.25/4/4/4.5/4.5/5/5 
10 8 35.50 3.5/4.5/3.5/4/4/4.5/5.5/6 
11 7 30.00 5.5/2.5/7/4.5/3.5/4/3 
12 9 31.50 5.5/2.5/3.5/4.75/4/3/4/3/1.25 
13 8 33.00 5.5/3.5/3.25/2/4.25/6.5/5/3 
14 8 32.00 2.75/4.5/5.5/6.5/2.5/4.5/4.25/1.5 
15 7 30.25 6.5/2.75/4.25/4.25/4.25/4.5/3.75 
16 9 31.25 2.5/4.5/3.5/6.5/5/2.75/2.5/1.5/2.5 
17 9 30.00 2/1.5/3.5/1.25/6.5/3.75/5.5/4.5/1.5 
18 8 30.75 3.5/4.25/4/3.75/1.5/4/6.25/3.5 
19 8 32.50 4/3.5/4.25/3.25/4.5/5.25/4/3.75 
20 5 35.00 4.5/7.25/13.5/5.75/4 
21 4 33.25 7.25/6.25/17/2.75 
22 6 31.50 4.5/4.5/4/10.5/4.5/3.5 
23 4 29.50 8.25/6.5/10.75/4 
24 6 33.25 5.5/4/3.5/15/2.75/2.5 
25 7 32.75 5.25/7.75/3.5/3.75/5.5/5/2 
26 4 33.50 4/13.5/6/10 
27 8 32.00 1.5/6.25/2.25/4.75/5.5/2/5.5/4.25 
28 4 31.25 12/8/9.75/1.5 
29 3 34.00 13/11.5/9.5 
30 6 33.75 4.5/8/4/6/6/5.25 
31 6 32.25 7.75/10/5.5/4.75/2.25/2 
32 6 32.25 5.75/9.5/3.5/5.5/4.5/3.5 
33 5 31.75 10.75/7.75/6/3.75/4 
34 6 30.75 7.5/3.75/3.5/6/4/6 
35 3 31.00 12/12.5/6.5 
36 6 33.50 4.5/5.75/3/10.5/3.75/6 
37 5 33.25 6.5/5/4/11.75/6 
38 7 33.50 6.5/4.5/4.5/4.75/4.5/4.25/4.5 
39 7 32.00 3/3.5/6/2.75/3.5/4.75/8.j 
40 6 34.75 9/10.25/4/2.5/5.5/3.5 
41 7 30.25 3.75/3.25/11/3.5/2.75/2.5/3.5 
42 5 34.50 3.5/3.5/5.25/9/13.25 
43 4 34.75 5.25/11.5/12.25/5.75 
44 5 31.50 9.5/4.5/3.75/4/9.75 
45 5 35.75 5/11.5/9.5/6.25/3.5 ' 
46 5 32.00 4/10.25/11.5/2.75/3.5 
47 3 13.00 4.5/4.5/4 

Total 300 1502.50 
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Fig. 5.1. Distribution of drum heights after supercompaction. 
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Fig. 5.2. Distribution of volume reduction factors (VRFs) 
after supercompaction of 300 drums. 
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As shown in Table 5.2, about 40% (121) of the 300 drums had 
uncompacted densities of 10 to 15 lb/ft . The densities of all the 
drums before supercompaction were less than 55 lb/ft . The densities 
after supercompaction (see Table 5.3) showed a wide spread, ranging 

a 
from 30 to 270 lb/ft . About 66% of the compacted drums had densities 

3 

between 75 and 140 lb/ft . 
The relationship between the volume reduction factor and the 

uncompacted waste density is shown in Fig. 5.3. A volume reduction 
factor less than 10 is associated with an uncompacted waste density 
greater than 12 lb/ft3. For uncompacted densities lower than 12 lb/ft , 
a volume reduction factor of 10 to 30 was obtained. 

The disposal capacity savings resulting from volume reduction is 
related to the volume reduction factor as follows: 

VRF - 1 Disposal capacity savings (%) = — y g p — 100 , 

where VRF is the volume reduction factor, defined as 

_ uncompacted waste volume 
v ~ compacted waste volume * 

As shown in Fig. 5.4, the rate of disposal capacity savings is a 
decreasing function of the volume reduction factor, diminishing con-
siderably after a VRF of 10. The cost of supercompaction does not 
seem to be affected by this relationship. However, this finding 
should be kept in mind when selecting a compaction technology for 
application with the type of solid LLW compacted in this demonstration. 
The net savings in disposal are enhanced by the scale of the demonstra-
tion when VRFs above 10 are desired. 

5.3. ECONOMIC ASSESSMENT 

For supercompaction to be a cost-effective alternative for volume 
reduction of solid LLW, the following criterion must be met: 

Net cost savings from cost of supercompaction/packaging . 
supercompaction/packaging 
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Table 5.2. Distribution of waste stream densities before supercompaction 

Density range Cumulative Cumulative 
(lb/f t^) Midpoint Frequency frequency Percent percent 

0-5 2.5 0 0 0 0 
5-10 7.5 19 19 6.4 6.4 
10-15 12.5 121 140 40.6 47.0 
15-20 17.5 61 201 20.4 67.4 
20-25 22.5 33 234 11.1 78.5 
25-30 27.5 28 262 9.4 87.9 
30-35 32.5 19 281 6.4 94.3 
35-40 37.5 10 291 3.4 97.4 
40-45 42.5 4 295 1.3 99.0 
45-50 47.5 2 297 0.7 99.7 
50-55 52.5 1 298 0.3 100 
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Table 5.3. Distribution of waste stream densities after supercompaction 

Density range Cumulative Cumulative 
(lb/ft3) Midpoint Frequency frequency Percent percent 

30-35 32.5 0 0 0 0 
35-40 37.5 2 2 0.7 0.7 
40-45 42.5 1 3 0.3 1.0 
45-50 47.5 1 4 0.3 1.3 
50-55 52.5 1 5 0.3 1.7 
55-60 57.5 0 5 0 1.7 
60-65 62.5 5 10 1.7 3.4 
65-70 67.5 7 17 2.3 5.7 
70-75 72.5 9 26 3.0 8.7 
75-80 77.5 14 40 4.7 13.4 
80-85 82.5 12 52 4.0 17.4 
85-90 87.5 11 63 3.7 21.1 
90-95 92.5 16 79 5.4 26.5 
95-100 97.5 26 105 8.7 35.2 
100-105 102.5 21 126 7.1 42.3 
105-110 107.5 13 139 4.3 46.6 
110-115 112.5 21 160 7.1 53.7 
115-120 117.5 18 178 6.0 59.7 
120-125 122.5 13 191 4.4 64.1 
125-130 127.5 11 202 3.7 67.8 
130-135 132.5 12 214 4.0 71.8 
135-140 137.5 10 224 3.4 75.2 
140-145 142.5 8 232 2.7 77.9 
145-150 147.5 3 235 1.0 78.9 
150-155 152.5 3 238 1.0 79.9 
155-160 157.5 3 241 1.0 80.9 
160-165 162.5 8 249 2.7 83.6 
165-170 167.5 4 253 1.3 84.9 
170-175 172.5 5 258 1.7 86.6 
175-180 177.5 4 262 1.3 87.9 
180-185 182.5 5 267 1.7 89.6 
185-190 187.5 5 272 1.7 91.3 
190-195 192.5 2 274 0.7 92.0 
195-200 197.5 3 277 1.0 93.0 
200-205 202.5 1 278 0.3 93.3 
205-210 207.5 3 281 1.0 94.3 
210-215 212.5 3 284 1.0 95.3 
215-220 217.5 6 290 2.0 97.3 
220-225 222.5 0 290 0 97.3 
225-230 227.5 2 292 0.7 98.0 
230-235 232.5 3 295 1.0 99.0 
235-240 237.5 1 296 0.3 99.3 
240-245 242.5 1 297 0.3 99.6 
245-250 247.5 0 297 0 99.6 
250-255 252.5 0 297 0 99.6 
255-260 257.5 0 297 0 99.6 
260-265 262.5 0 297 0 99.6 
265-270 267.5 1 298 0.3 99.9 
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The cost elements considered in the differential cost analysis for 
this demonstration are based on the system analysis model shown in 
Fig. 4.1 and summarized in Table 5.4. A differential cost analysis 
was performed on those elements of the waste management system that 
are not common to current practices and to the scenarios used in this 
demonstration project. Those elements of the waste management system 
that are common to these scenarios were considered as sunk costs and 
were not entered into the economic comparison. 

The differential cost criterion or net savings requirements for 
the cost-effectiveness application of supercompaction/packaging tech-
nology can be expressed mathematically as 

(N!Ct - N2Ct) + (NjCQ - N2Cd) - (NjC,, + N2Cp + M) - C* >_ 0 , 

where 

( N J C t - N 2 C t ) = cost savings of waste transport from staging 
area to the disposal unit; 

(NjCd - N2Cd) = cost savings of waste disposal; 

(N^Cg + N2Cp + M) = supercompaction/packaging external, or sub-
contract, cost; 

A 
C = demonstration operations on-site support, 

or internal, cost. 

Table 5.5 defines the terms used in the differential cost criterion 
for cost-effectiveness of supercorapaction/packaging. 

If the demonstration operations on-site support, or internal, cost 
£ 

C is defined in terms of the fraction of the overall cost for the 
demonstration as 

C* 
f = c* + ( Nl c

s + N2Cp + M> ' 0 1 f <1 , 

then the cost-effectiveness factor (CEF) for the demonstration or ser-
vice contract can be expressed as 

CEF = ( N l C T - N2Ct) + ( N l C D - N2Cd) - (N1CS + N2Cp + M) ' > 0 
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Table 5.4. Waste management elements of cost used in establishing the 
cost-effectiveness of supercompaction/packaging scenarios 

Cost Description 

1. Disposal of uncompacted waste (current practices) 

T^ Cost of transporting uncompacted drums from staging area to 
the disposal unit. 

D^ Cost of disposal of uncompacted drums. This cost includes 
site preparation, materials, installation, drum handling 
(labor), and disposal unit closure. 

2. Disposal of supercompacted/packaged waste 

s2 Cost of 

M Cost of 

Cost of 

C* Cost of 
cost of 

monstration operation suppott. This cost includes 
ocurlng the volume reduction/packaging services, 

the operational support services, and quality assurance/safety 
and environmental documentation. 

D2 Cost of disposal of the overpacks. This cost includes 
site preparation, materials, installation, drum handling 
(labor), and disposal unit closure. 

T2 Cost of transporting overpacks from staging area to the 
disposal unit. 
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Table 5*5. Definition of terms used in the differential cost criterion 
for the cost-effective application of supercompaction/packaging 

technology at ORNL 

The waste management cost elements introduced in Table 5.4 are related 
to the differential cost criterion as follows: 

S 2 = Nlcs, 

?2 " N2cp, 

D 2 = N2Cd > 

T l " N 1 C T > 

T 2 = N2Ct> 

D j - N 1 C D j 

where 

NJ = number of drums used during the supercompaction 
demonstration; 

N 2 = number of overpacks used during the packaging demonstra-
tion; 

Cg = cost of supercompaction, $/drum; 

Cp = cost of packaging, $/overpack; 

= cost of uncompacted drum transport from staging area to 
the disposal unit, $/drum; 

CD = cost of uncompacted drum disposal, $/drum; 

Ct = cost of overpack transport from staging area to the 
disposal unit, $/overpack; 

^d = cost of overpack disposal, $/overpack. 



45 

The implications for ORNL in the use of supercompaction/packaging 
service contracts for the management of solid LLW is that the cost-
effectiveness of the operation can be increased by 

1. increasing the scale of the operation, N^. 
2. increasing Ni/N2, or 
3. decreasing the f fraction. 

The ratio Nj/N2 is determined by the volume reduction performance 
of the compactor, the packaging efficiency, and the design of the 
overpack to minimize volume loss during the packaging operation. If 
the overpack can be disposed of as a disposal unit, an additional cost 
and disposal capacity savings could be obtained. The effect of the 
N|N2 ratio on the packaging cost for this demonstration is shown in 
Table 5.6. 

The effects of the demonstration operations on-site support costs 
are examined in terms of their impact on the cost-effectiveness of the 
demonstration project or the service contract. Given the following 
costs associated with this project, 

Nx = 300 drums, 
N2 = 47 overpacks, 
C T = $30.72/drum or $4/ft3, 
Ct = $67.08/overpack or $4/ft3, 
Cs = $29/drum, 
Cp = $404.8O/0verpack, 
M = $13,000, 

the minimum on-site disposal cost, d ($/ftd), under current practices 
which is required to make this demonstration a cost-effective opera-
tion is calculated as 

d * > c»ic8 + N2Cp + M ) ^ r 4 ~ f ) 
- (7.68 NxCt - 16.77 N 2C t) + (7.68 N ^ - 16.77 N2C d) ' 
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Table 5.6. Economic implications of the combined volume 
reduction performance o f supercompaction and packaging.8 

This performance is measured by the N1/N2 ratio. 

Number of 
compacted Number 
drums per of Total Packaging Packaging Packaging 
overpack overpacks, drums, cost cost cost 
(Ni/N2)b N2 Nl ($/overpack) ($/ft3)c ($/drum) 

3 4 12 404.80 18.04 134.93 

4 3 12 404.80 13.53 101.20 

5 8 40 404.80 10.82 80.96 

6 8 48 404.80 9.02 67.47 

7 9 63 404.80 7.73 57.83 

8 10 80 404.80 6.76 50.60 

9 _5 45 404.80 6.01 44.98 

Total or 47 300 404.80 8.26 64.42 
average 

aThe packaging factor (unpackaged waste volume/packaged waste volume) 
for this demonstration is 2.28:1. 

h Ave rage (Nx/N2) for the demonstration = 300/47 =• 6.38:1. 
cBased on uncompacted drums (7.68 ft3/drum). The average packaging 

cost for the demonstration (300 drums) is $8.26/ft3 of uncompacted waste. 
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d * > $40,725.60 / 1 \ 
- $2,273.77 \l - f J ' 

d* > ,17.91 ( ^ h ) • 

where 7.68 is the volume (ft3) per drum and 16.77 is the volume (ft3) 
per overpack. 

The demonstration operations on-site support, or internal, cost was 
defined as a fraction of the overall cost for the demonstration project. 
The Implication for D0E/0R0 facilities in the use of supercompaction/ 
packaging service contracts for the management of solid LLW is that 
the cost-effectiveness of the operation can be increased by (1) in;reas-
ing the scale of the operation; (2) increasing the number of drums per 
overpack; and (3) decreasing the internal costs. 

It should be noted that the value of carrying out demonstrations 
or service contracts of this type is not measured in purely economic 
terms. The savings in disposal capacity and the extension of the use-
ful life of the current disposal sites is very critical in maintaining 
continuity of operations on the Oak Ridge Reservation. 

The effects of the demonstration operations on-site support, or 
internal, costs were examined in terms of their potential impact on 
the cost-effectiveness of the service contract. These effects are 
shown in Fig. 5.5. 

The current cost of compactible solid LLW disposal in a silo at 
3 

SWSA-6 is in the .ange of $25 to $45/ft . For this project to be cost-
3 

effective at a disposal cost of $25 to $45/ft , the demonstration opera-
tions internal cost fraction should not exceed a value of 0.3 for 

? 3 $25/ft3 and 0.6 for $45/ft . Based on the cost elements presented in 
Table 4.1, it is possible to maintain this fraction below the maximum 
value allowed for cost-effectiveness. It is anticipated that a ser-
vice contract (nondemonstration) could provide these benefits because 
most of the information-gathering costs associated with a demonstra-
tion would be eliminated. 
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Fig. 5.5. Effect of the on-site support cost fraction on the 
minimum disposal cost required for demonstration cost-effectiveness. 
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There are several internal costs associated with a demonstration 
that could be reduced or eliminated during a service contract. Based 
on Table 4.1, the fixed costs that could be reduced during an on-site 
service contract include (1) preparation of the Statement of Work; (2) 
QA, safety, and environmental documentation; and (3) documentation of 
the project. 

A service contract for off-site operations appears to be an attrac-
tive alternative to on-site operations. Evaluation of this alternative 
is planned for future demonstrations. 

5.4 CONCLUSIONS AND RECOMMENDATIONS FROM THE SYSTEMS ANALYSIS 

The economic assessment for this project revealed that the cost-
effectiveness of on-site demonstrations is, as expected, very sen-
sitive to the demonstration operations on-site support, or internal, 
costs. The cost-effectiveness of this alternative for waste manage-
ment will improve during an on-site service contract based on this 
demonstration project. The cost-effectiveness of off-site demonstra-
tions of supercompaction technology will be evaluated as planned off-
site demonstrations are performed. 

In most economic assessments of volume reduction technology, the 
disposal cost is the most commonly used parameter in the establishment 
of the cost-effectiveness of volume reduction. In an economic sense, 
this cost does not represent the economic value of disposal capacity. 
For future economic assessments, an alternative measure of the eco-
nomic value of disposal capacity is recommended. This new measure of 
economic value for disposal capacity is defined as the disposal 
capacity asset value (DCAV), which is composed of the following 
elements: 

DCAV = disposal cost + capacity replacement + strategic value 
associated with cost or resource of disposal 
waste management depletion cost capacity. 

The strategic value of disposal capacity represents the asset value 
of disposal capacity to the organization in terms of its mission impact, 
the ability of the organization to continue operations, and the ability 
to grow and maintain a competitive position in the marketplace. The 
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DCAV can be interpreted as the price the waste generator is willing 
to pay to extend the life of the disposal sites. Quantification of 
the DCAV provides the required economic Incentives for the investments 
In volume reduction, waste reduction, waste recycling, and resource 
recovery technologies. 



6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 EQUIPMENT IMPROVEMENTS 

Needed equipment improvements identified during the demonstration 
are summarized as follows: 

1. An improved liquid collection system around the clamshell, which 
encloses the piston during the compaction operation, would elimi-
nate most of the liquid collection problems experienced with the 
configuration used during the demonstration. 

2. A higher-capacity internal air withdrawal system is needed to 
provide additional airflow during the compaction process. 

3. A field-erectable, vendor-supplied enclosure on the outlet side 
of the compactor trailer would significantly reduce site support 
costs. 

4. Solid enclosure doors on the Inlet and outlet sides of the com-
pactor trailer, as opposed to sectional doors, would provide 
improved operability. 

6.2 COST FACTORS 

Cost factors contributing to the significant internal support 
costs for this demonstration are summarized as follows: 

1. Costs for constructing an enclosure on the outlet side of the 
compactor were significant. 

2. The need for a mobile motor-generator unit to supply the power 
for the operation of the compactor system, and a full-time 
attendant to operate the unit, added to site support costs. 

3. Extensive equipment downtime while liquid releases were being 
cleaned up after the compaction of drums increased site support 
costs. 

6.3 CHARACTERISTICS OF WASTE DRUMS 

The characteristics of waste drums observed during the demonstra-
tion which contributed to compaction-related problems are summarized 
as follows: 

51 
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1. Absorbent materials containing liquids, such as mop heads and 
wipes, should be segregated from other LLW. The presence of 
absorbed liquids cannot be detected by the RTR system. 

2. Specific building wastes, known to contain sources of liquids, 
should be clearly identified. 

3. The labeling of a few drums was inadequate (labels containing 
drum numbers had fallen off, etc.) and should be improved. 

6.4 MEDIA COVERAGE 

Factors that contributed to successful media coverage and public 
relations are summarized below: 

1. An invitation to the media to cover the demonstration was delayed 
until reliable and consistent operation was achieved. 

2. Drums to be compacted during the media coverage had been carefully 
selected to avoid any unusual occurrences or delays in the 
compaction operations. 

3. During media coverage of any demonstration, reasonable and 
prudent steps such as those listed above should be taken to 
increase the likelihood of favorable coverage by the media. This 
demonstration was an excellent example of this practice. 
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