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ABSTRACT 

The a c t i v i t i e s  and r e s u l t s  descr ibed  i n  t h i s  r epor t  a r e  p a r t  of the  

Low-Level Waste Disposal  Development and Demonstration (LLWDDD) Program 

t o  eva lua te  candida te  t echnc log ie s ,  i nc lud ing  volume reduc t ion ,  which 

are l i k e l y  t o  be incorpora ted  i n t o  low-level r a d i o a c t i v e  waste (LLW) 

management f a c i l i t i e s  planned f o r  t h e  1998s. A s i g n i f i c a n t  cos t -  

e f f e c t i v e  reduct ion  i n  t h e  space requi red  f o r  d i s p o s a l  of s o l i d  LLW 

i s  being i n v e s t i g a t e d  as a key element i n  implementing a s t r a t e g y  f o r  

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

Supercompaction and grour ing  technologies  were demonstrated with 

s o l i d  LLW from Oak Ridge Nat iona l  Laboratory a t  the Sol id  Waste Storage 

Area 5 (SWSA 5) between March 9 and 2 7 ,  1987. The subcon t rac to r ,  US 

Ecology of L o u i s v i l l e ,  Kentucky, used i t s  m b i l e  supercompactlon s y s t e m  

o p e r a t i n g  a t  2200 tons of compressive f o r c e  t o  volume reduce 300 55-gal 

drums of s o l i d  LLW. The supercompaction of t hese  drums r e s u l t e d  i n  a 

d i s p o s a l  capac i ty  savings of about 85% of the  o r i g i n a l  d i s p o s a l  capac- 

i t y  needs. The packaging of t he  compacted drums i n t o  47 overpacks 

decreased t h e  d i s p o s a l  capac i ty  sav ings  by about 19%. The ne t  d i s -  

posal  capac i ty  savings from t h e  demonstrat ion p r o j e c t  is about 66% of 

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

Based on the  approximately $95K i n  d i r e c t  c o s t s ,  t h e  supercompaction 

of t h e  2304 f t 3  of waste processed cos t  about $41 / f t3  of uncompacted 

w a s t e .  Once the  supercompaction u n i t  was set  up and o p e r a t i n g ,  the  

incrementa l  c o s t  f o r  t h e  supercompaction s e r v i c e s  was only about 

$ 4 / f t 3 .  

cos t - e f f ec t iveness  of on-s i te  demonstrat ions is very s e n s i t i v e  t o  the  

on - s i t e  support  (non-vendor-related) cos t s .  The minimum d i s p o s a l  

c o s t s  f o r  cos t - e f f ec t iveness  i n  t h i s  demonstrat ion p r o j e c t  w a s  calcu-  

la ted.  t o  be about $18 / f t3  f o r  no on-s i te  suppor t  c o s t s  and about 

$180 / f t3  when t h e  on-s i te  support  costs  represented  about 90% O E  t he  

t o t a l  demonstrat ion p r o j e c t  cos t .  

The economic assessment f o r  t h i s  p r o j e c t  revea led  t h a t  t he  

The most s i g n i f i c a n t  conclus ions  and recommendations from the  

demonstrat ion are r e l a t e d  t o  equipnent  improvements, c o s t s ,  cha rac t e r -  

i s t i c s  of drums, and media coverage. 

ix 





1. EXECUTIVE SUMMARY 

The Low-Level Waste Disposa l  Development and Demonstration 

(LLWIIDD) Program, being c a r r i e d  out: by Oak Ridge Nat iona l  Laboratory 

(ORNL) €or  t h e  U.S.  Department oE Energy, Oak Ridge Opera t ions  

(DOE/ORO),  is i n v e s t i g a t i n g  cand ida te  technologies  f o r  managing low- 

l e v e l  r ad ioac t€ve  wastes (LLW). Cos t -e f fec t ive  volume reduc t ion  of 

s o l i d  LLW t o  achieve a s i g n i f i c a n t  r educ t ion  i n  t h e  space r equ i r ed  

f o r  d i spos ing  o f  t h i s  type of waste is a key element i n  implementing 

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

resul ts  desc r ibed  i n  t h i s  r e p o r t  a r e  p a r t  of t h e  o v e r a l l  LLWDDD 

Program t o  e v a l u a t e  cand ida te  t echno log ie s ,  i nc lud ing  volume reduc- 

t i o n ,  which a r e  l i k e l y  t o  be inco rpora t ed  i n t o  LLW management f a c i l i -  

t i e s  planned f o r  t h e  1990s. 

A demonstration o f  supercompaction and g rou t ing  of 300 55-gal drums 

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

27, 1987, a t  t h e  ORNL Sol id  Waste Storage  Area 5 (SWSA-5). All drums 

had been examined by real-t ime radtography (RTR) p r i o r  t o  being pro- 

cessed  so t h a t  those  drums contain-tng f r e e  l i q u i d s  could be i d e n t i f i e d  

and e l imina ted .  The subcon t rac to r ,  US Ecology of L o u i s v i l l e ,  Kentucky, 

used i t s  mobile supercompaction system o p e r a t i n g  a t  2200 tons of 

compressive f o r c e .  During t h e  demonst ra t ion ,  t h e  300 drums were 

reduced i n  volume by a f a c t o r  of approximately 6.7: 1; fo l lowing  

grouLing of t h e  supercompacted druros i n t o  for ty-seven  125-gal over- 

packs,  t h e  o v e r a l l  volume reduc t ion  was  approximately 2.9:l. 

During t h e  c rush ing  of t he  driims, it w a s  found t h a t  absorbed 

l i q u i d s  undetec ted  by the  RTR exam!Lnations were r e l eased  and c o l l e c t e d  

from 94 of t h e  300 drurns i n  amounts vary ing  from a f r a c t i o n  of a p i n t  

up t o  3 g a l .  A t o t a l  of about 60 gal of f ' ug i t i ve  l i q u i d s  was c o l l e c t e d  

du r ing  t h e  processing.' However, contamination of the  supercompaction 

u n i t  was i n s i g n i f i c a n t ,  and decontamination t o  meet U.S. Department of 

T ranspor t a t ion  (DOT) s t anda rds  w a s  c a r r i e d  out  a t  t h e  conclus ion  of 

t h e  process ing  t o  t h e  s a t i s f a c t i o n  of Martin Marietta Energy Systems 

and US Ecology. 
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Following a 2-d per iod  (March 10 and 11) of o r i e n t a t i o n  and 

whole-body count ing of US Ecology personnel  arid surveying of t he  

supercompactor t o  e s t a b l i s h  a b a s e l i n e  contaminat ion l e v e l ,  s e tup  

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

During se tup ,  US Ecology assembled t h e i r  p rocess ing  u n i t  on one 

t r a i l e r  and c a r r i e d  ou t  some pre l iminary  decontamination i n  and 

around t h e  hydrau l i c  p re s s  u n i t  t o  met ORNL "green tag" 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 i n  the  Statement 

of Work. As rece ived ,  t he  press u n i t  had f a i l e d  t o  meet ORNL syeci-  

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  contamination. 

ORNE P lan t  and Equipment personnel  then cons t ruc t ed  a temporary 

containment enc losure  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 t he  p re s s  t o  se rve  as a "contaminated" (C-zone) 

o p e r a t i n g  area. A n  a i r - lock  enc losure  a t  t h e  en t r ance  t o  t h e  C-zone 

work area w a s  a l s o  provided. Other s e tup  a c t i v i t i e s  included the 

placement and i n c e r f a c e  of a l a r g e  m b i l e  d i e s e l  gene ra to r  u n i t  ad ja -  

cen t  t o  t h e  j o b  s i te .  This u n i t  w a s  brought from Y-12 t o  gene ra t e  t h e  

480-V, 3-phaseY 220-A power requi red .  

Compacting of ELW drums a c t u a l l y  began on March 17 and cont inued 

through March 23, 1987. The number of drums processed per  day va r i ed  from 

27  t o  75, r e f l e c t i n g  the in f luence  of t he  de lay  in t roduced  by the  

cleanup requi red  a f t e r  l i q u i d s  squeezed out  of drums contaminated t h e  

p r e s s  equipment. Grouting of t h e  overpacks was  completed on March 25, 

and decontaminat ion t o  meet DOT s tandards  was c a r r i e d  ou t  on March 26. 

The supercompaction u n i t  was demobilized from t h e  j o b  s i t e  on March 

27,  and the  temporary enclosure: w a s  taken down. 

The d i r e c t  c o s t s  i ncu r red  inc luded  a payment t o  US Ecology of 

approximately $41.5K and an overhead charge of about $12.5K. S i t e  

suppor t  and miscel laneous charges a s s o c i a t e d  wi th  the  demonstrat ion 

a c t i v i t i e s  are es t imated  a t  about $4QK; these  charges inc lude  cons t ruc-  

t i o n ,  r i gg ing ,  materials, h e a l t h  physics  s e r v i c e s ,  and o the r  cos t s .  

Waste Management Operat ions and LLWDDD l abor  c o s t s  procurement 

s e r v i c e s ,  d i s p o s a l  c o s t  f o r  the overpacks,  and c e r t a i n  o the r  charges  

are not included.  Of t h e  $41.5K i n  d i r e c t  charges  by US Ecology, 
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$13K w a s  f o r  mob i l i za t ion  t o  and demobi l i za t ion  from t h e  s i t e ,  

$8.7K was  f o r  t h e  a c t u a l  supercompaction and g rou t ing  of t h e  drums, 

and approximately $19.8K was  f o r  t h e  overpack and r e i n f o r c i n g  cage 

used t o  produce t h e  f i n a l  waste form around t h e  s t a c k  of compacted 

drums. 

Based on t h e  approximately $95K i n  d i r e c t  c o s t s ,  t h e  supercom- 

pac t ion  of t he  2304 f t 3  of waste processed c o s t  about $41 / f t3  of 

uncompacted waste. I f  Energy Systems had opted only t o  supercompact 

t h e  drums, omi t t i ng  t h e  g rou t ing  ooe ra t  ion  by the  vendor, t h e  

c o s t  would have been approximately $32/f t 3  o f  uncompacted waste. 

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

once t h e  u n i t  was set up and o p e r a t i n g ,  t h e  incrementa l  c o s t  f o r  t h e  

supercompaction was only about $4 / f t3 .  

t h e  on - s i t e  supercompaction s e r v i c e s ,  two cost-determining f a c t o r s  

must be considered: (1) maximization of t he  number of drums processed 

and (2 )  minimization of t he  o n - s i t e ,  non-vendor-related suppor t  cos t s .  

Thus, t o  minimize t h e  cost  f o r  

The non-vendor-related on - 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 the  use of a pernanent 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 opera ted .  For comparison purposes,  

placement of t h e  supercompacted drums i n t o  a conc re t e  v a u l t  of t h e  

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

by g rou t ing  of t h e  void spaces  sur rounding  t h e  waste,  is es t imated  t o  

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

and g rou t ing  performed by US Ecology c o s t  approximately $ 9 / f t 3  of 

uncompacted volume. 

A systems a n a l y s i s  s tudy  was conducted 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  demonstration p r o j e c t  with r e spec 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 t h e  s o l i d  LLW management system. 

The supercompaction of 300 drums m s u l t e d  i n  a d i s p o s a l  capac i ty  

sav ings  of about 85% of the  o r i g l n a l  d i s p o s a l  capac i ty  needs. The 

packaging of 300 compacted drums i n t o  47 overpacks decreased t h e  

d i s p o s a l  c a p a c i t y  sav ings  by about 19%. The n e t  d i s p o s a l  capac i ty  

sav ings  from t h e  demonstration p r o j e c t  i s  about 66% o f  t h e  o r i g i n a l  

uncompacted waste volume. 



About 40% of the  300 drums had uncompacted d e n s i t i e s  of 10 t o  

15 l b / f t 3 .  

The compacted d e n s i t i e s  ranged from 30 t o  270 1b /E t3 .  

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

reduct ion  f a c t o r  lower than 10 was obtained from drums whose 

uncompacted dens i ty  was g r e a t e r  than 12 l b / f t 3 .  

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

10 t o  30 was obtained.  

All uncompacted d rum had d e n s i t i e s  less than 55 l b / f t 3 .  

About 66% of 

A vslumc 

For drums with an 

A d i f f e r e n t i a l  cos t  a n a l y s i s  w a s  performed on those  elements of 

t h e  waste management system t h a t  were not common t o  cu r ren t  p r a c t i c e s  

and t o  t h i s  demonstrat ion p r o j e c t  as a l t e r n a t i v e  scena r ios .  It w a s  

found t h a t  t h e  cos t - e f f ec t iveness  of us ing  supercompaction/grouting 

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

i nc reased  by 

1. inc reas ing  t h e  scale of t he  ope ra t ion ,  

2. i nc reas ing  t h e  number of drums per  overpack, and 

3. decreas ing  t h e  non-vendor-related p r o j e c t  support  cos t s .  

The economic assessment f o r  t h i s  p r o j e c t  revea led  t h a t  the  cos t -  

e f f e c t i v e n e s s  of on-si te  demonstrat ions is very s e n s i t i v e  t o  t h e  

on - s i t e  support  (non-vendor) c o s t s .  The mrinimum d i s p o s a l  c o s t  requi red  

f o r  cos t - e f f ec t iveness  i n  t h i s  demonstrat ion p r o j e c t  w a s  c a l c u l a t e d  t o  

be about $ 1 8 / f t 3  f o r  no on-s i te  support  c o s t s  and about $180/ f t3  when 

t h e  on-s i te  support  c o s t s  represented  about 90% of the  t o t a l  demonstration 

p r o j e c t  cos 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 

decided upon, a l though a h i l l - c u t  u n i t ,  a g r e a t e r  confinement d i sposa l -  

s i l o ,  and placement on the  tumulus a r e  being considered.  

No a c c i d e n t s ,  i n j u r i e s ,  environmental  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 occurred as a r e s u l t  of the demonstra- 

t i o n .  Favorable p u b l i c i t y  w a s  generated 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. I n  a d d i t i o n ,  the  

demonstrat  ion w a s  witnessed on two occasions by r e p r e s e n t a t i v e s  of the  

Tennessee Department of Health and Environment. 



Photographs and a videotape of the demonstration were made and 

US Ecology supplied information regarding their processing experience. 

Other supporting information that was required for the demonstration 

included environmental, health, safety, and quality assurance 

documentation. 

The most significant. conclusions and recommendations from the 

demonstration, which were related to equipment improvements, costs, 

characteristics of the drums, and media coverage, are as follows: 

1.  An improved system is needed for collecting fugitive liquids 

released during the compact ion process. This improvement would 

significantly reduce delays in the operation to clean up liquids 

released to the drum press area. 

2. A vendor-supplied radiation containment enclosure on the outlet 

side of the supercompaction unit would facilitate setup and would 

reduce site support costs. 

3. Because the RTR system cannot detect absorbed liquids on such 

items as mop heads and absorbent materials, these wastes should 

be segregated from the dry materials at the point of generation 

and should be clearly identified. 

4 .  Favorable media coverage resulted from the demonstration, 

crediting DOE/ORO and Energy Systems for their efforts to improve 

radioactive waste management practices. Careful planning of the 

media event after achieving successful operation greatly 

increases the likelihood of a favorable impression of the 

technology being demonstrated. 



2 .  INTRODUCTION 

2.1 COORDINATION OP WASTE MANAGEMENT DEMONSTRATION A C T I V I T I E S  

The Oak Ridge Model has been e s t a b l i s h e d  t o  provide overs ight  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 implementing accep tab le  s o l u t i o n s  to  waste 

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

Energy (DOE), t he  U.S. Environmental P r o t e c t i o n  Agency ( E P A ) ,  s t a t e  

r e g u l a t o r s ,  t he  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 is the  means t h a t  DOE'S Oak Ridge Operat ions (DOE/ORO) w i l l  use 

t o  ca r ry  out  a corpora te  approach t o  so lv ing  waste management problems 

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

Operat ing as the  technology demonstrat ion arm of the  Oak Ridge 

Model, t h e  Waste Management Technology Center (WMTC) w a s  e s t a b l i s h e d  

as a s e r v i c e  o rgan iza t ion  t o  address  t h e  o v e r a l l  waste management 

demonstrat ion wi th in  DOE/ORO. I n  o rde r  t o  accomplish t h i s  t a sk ,  

t h e  WMTC w i l l  be conducting, coord ina t ing ,  or  p a r t i c i p a t i n g  i n  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  t o  de f in ing  acceptab le  so lu-  

t i o n s  t o  DOE/ORO waste management problems. There w i l l  be a g r e a t e r  

focus on the  a c t u a l  demonstrat ions of a v a i l a b l e  technology us ing  

DOE/ORO waste materials. These demonstrat ions are expected t o  be con- 

ducted p r imar i ly  by q u a l i f i e d  companies wi th in  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  through a Request f o r  Proposal  (RFP) 

process  t o  be conducted by t h e  Purchasing Div is ion  of Martin Marietta 

Energy Systems Inc.  During the  performance of t hese  demonstrat ions,  

t h e  WMTC w i l l  be accumulating information needed t o  de f ine  an o v e r a l l  

waste 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 ima te ly ,  t he  information generated by the  waste management 

demonstrat ions t o  be conducted over  t h e  next s e v e r a l  years w i l l  be 

used t o  i d e n t i f y  and provide t r ea tmen t ,  s t o r a g e ,  and d i sposa l  

facilities and/or s e r v i c e s  f o r  DOE/ORO which will be acceptab le  t o  

t h e  r egu la to ry  agencies ,  t he  pub l i c ,  and DOE, 

2.2 DEMONSTRATION OF IMPROVED SOLID WASTE DISPOSAL PR4CTICES 

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 high-volume, low- 

a c t i v i t y ,  s o l i d  low-level wastes (LLW) being generated a t  seven si tes 

6 
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[Oak Ridge Nat iona l  Laboratory (ORNL), Oak Ridge Gaseous Di f fus ion  

P l a n t  (ORGDP), and t h e  Y-12 P l a n t ,  Oak Ridge, Tennessee; Portsmouth 

Gaseous Di f fus ion  P l a n t ,  P ike ton ,  Ohio; Paducah Gaseous Di f fus ion  

P l a n t ,  Paducah, Kentucky ; RMI Extrus ion  P l a n t ,  Ashtabula Ohio ; and 

t h e  Westinghouse Feed Materials Product ion  Center,  Ferna ld ,  Ohio]. 

Shallow-land b u r i a l  is the primary 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  is being 

used up r a p i d l y ,  volume reduc t ion  f o r  s o l i d  wastes is being pursued 

v igorous ly  as t h e  most promising means r e a d i l y  a v a i l a b l e  f o r  ex tending  

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  reducing t h e  scope of f u t u r e  

f a c i l i t i e s  . 
Supercompaction is an e f f e c t i v e  mechanical volume reduc t ion  pro- 

cess t h a t  is d i s t i n g u i s h e d  from o rd ina ry  compaction by t h e  f o r c e  d e l i v -  

e r e d  by t h e  p r e s s  (>lo00 tons of compressive f o r c e ) .  Commonly used 

by t h e  nu lcea r  power i n d u s t r y  t o  reduce t h e  volume of waste p r i o r  t o  

s t o r a g e  and d i s p o s a l ,  supercompaction has been recognized as being 

capable  of volume reducing wastes former ly  cons idered  t o  be noncompact- 

i b l e .  Materials i n  t h i s  ca tegory  inc lude  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 ,  va lves ,  w t o r s ,  c e r t a i n  c o n s t r u c t i o n  materials, e t c .  

Demonstration of supercompaction c a p a b i l i t i e s  a v a i l a b l e  from t h e  

p r i v a t e  s e c t o r  is a key element i n  t h e  implementation of t h e  Low-Level 

Waste Disposa l  Development and Demonstration (LLWDDD) s t r a t e g y .  The 

planned volume reduc t ion  demonstration program inc ludes  supercompac- 

t i o n  of a v a r i e t y  of WE/ORO wastes and a comparison of p rocess ing  

o n - s i t e  (at a DOE/ORO 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 are 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  wi th  

on - s i t e  vs off -s i te  p rocess ing  which t h e  demonst ra t ion  program w i l l  

add res s  and eva lua te .  

The demonst ra t ion  desc r ibed  i n  t h i s  r e p o r t  w a s  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 compet i t ive  b idding  

p rocess ,  was c o n t r a c t e d  t o  demonstrate a v a i l a b l e  waste management tech-  

nology a p p l i c a b l e  t o  DOE/ORO s o l i d  LLW. A s  a r e s u l t  of t he  demonstra- 

t i o n ,  Energy Sys tems ,  s e r v i n g  a s  the  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  DOE/ORO f a c i l i t i e s ,  i n t ends  t o  use  t h e  informat ion  gained from t h i s  



demonstration, and from future demonstrations involving other enhanced 

waste forms, to ultimately define a waste disposal process for LLW 

which wlll be acceptable to the regulatory agencies and to DOE/ORO. 

In this demonstration, conducted by US Ecology of Louisville, 

Kentucky, 300 55-gal drums containing solid LLW were crushed at Solid 

Waste St-orage Area 5 (SWSA 5) on the Oak Ridge Reservation. The 

crushed drums were then placed in overpack containers and encapsulated 

by injecting the containers with grout/cement to fill all voids and 

produce a stable waste form. All activities during the demonstration 

were subject to the requirements detailed in the statement of work 

( S O W ) ,  which was part of the RFP. This document contained 

provisions f o r  ensurfng the protection of workers and the environment, 

as well as the overall interests of Energy Systems and DOE/ORO. 

2.3 OBJECTIVES OF TI-TIS DEMONSTRATION 

To produce an enhanced waste form having greater integrity and 

resistance to permeation by groundwater, the LLWDDD Program, managed 

by the WMTC, is considering the encapsulation of volume-reduced wastes 

in high-density grout within suitable containers prior t o  disposal. 

The resulting waste forms will be used t o  evaluate the potentfal of 

this technique f o r  achieving greater waste stability and isolation. 

11-1 carrying out this demonstration, the WITC intended to obtain cost 

and performance informat ion relatrd to suprscompaceion of solid L L W  

drums and subsequent grout /cement encapsulation of the compacted 

drums in suitable overpacks. 

In o r d e r  to obtain cost and performance information related t o  

volume reduction and cncapsulation of the 300 55-gal drums processed 

during this demonstration, the following specific objectives were 

specified in the SOW: 

1 .  obtain compaction factors f o r  the individual drums, 

2. obtain subcontractor and internal (Energy Systems) support costs 

for the on-site supercompaction and encapsulation service, 

3 .  evaluate the effectiveness of the real-time radiography (RTR) 

unit used by OWL to identify drums containing free liquids, 
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4 .  assess t h e  problems a s s o c i a t e d  w i t h  f u g i t i v e  l i q u i d s  and t h e  

volume of l i q u i d  l i b e r a t e d  from t h e  supereornpacted 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  technology, 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 da ta .  

I n  g e n e r a l ,  t h e  presence of undetec ted  l i q u i d s  €n c o n t a i n e r s  of 

contaminated s o l i d  waste t h a t  w i l l  e v e n t u a l l y  undergo compaction is 

undes i r ab le .  The RTR system used by ORNL, a continuous X-ray tech-  

n ique  i n s t a l l e d  a t  t h e  Waste Examination 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  absent  

from c o n t a i n e r s  of waste. This system is shown i n  Fig. 2.1. An 

impor tan t  o b j e c t i v e  of t h i s  demonsrration was t o  e v a l u a t e  t h e  e f f e c -  

t i v e n e s s  of t h e  RTR technique  by observ ing  t h e  amount of l i q u i d s  

r e l e a s e d  dur-lng t h e  compact i o n  process .  During the  demonstration, t h e  

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

Ecology. Although t h e  handl ing  of f u g i t i v e  l i q u i d s  proved t o  be 

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

c o l l e c t e d ,  and r e tu rned  t o  Energy Systems. 
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3. DESCRIPTION OF ACTIVITIES 

3.1 SCOPE OF WORK 

US Ecology fu rn i shed  on - s i t e  supercompaction c a p a b i l i t i e s  a t  

ORNL's SWSA-5 t o  compact 300 55-gal drums con ta in ing  s o l i d  LLW. 

Energy Systems personnel  provided s i t e  suppor t  f o r  t h e  demonstration, 

i n c l u d i n g  t h e  c o n s t r u c t i o n  of a temporary enc losu re  on t h e  o u t l e t  s i d e  

of t h e  supercompactor t o  con ta in  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 genera ted  dur ing  t h e  course  of t h e  a c t i v i t i e s .  I n  a d d i t i o n ,  

o t h e r  support  provided by Energy Systems inc luded  t h e  s t a g i n g  of 300 

drums near  t h e  i n l e t  of t h e  drum press;  t h e  p rov i s ion  and ope ra t ion  of 

a mobile gene ra to r  t o  supply t h e  480-V, 3-phase, 220-A power r equ i r ed ;  

and t h e  p rov i s ion  of on-s i te  personnel  ( h e a l t h  phys i c s ,  ope ra t ions  

i n t e r f a c e ,  p r o j e c t  manager, and c r a f t  suppor t ) .  The supercompaction 

u n i t  as set  up at  SWSA-5 is shown i n  Fig. 3.1. 

The 300 55-gal drums of waste processed 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  demonstration and were provided t o  US Ecology a t  t h e  

SWSA-5 work s i t e .  The low-level, r a d i o a c t i v e l y  contaminated wastes 

conta ined  i n  t h e  drums can be desc r ibed  as bulk s o l i d s  con ta in ing  low 

concen t r a t ions  of f i s s i o n  products.  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 w a s  l i m i t e d  t o  200 mrem/h as determined by 

e x i s t i n g  ORNL procedures.  However, t o  l i m i t  t h e  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  pressed  out  of 

t h e  waste dur ing  t h e  compaction p rocess ,  t h e  d e c i s i o n  w a s  made dur ing  

t h e  demonstration t o  process  only drums having 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 mre than  50 mrem/h. The t r a n s u r a n i c  con ten t  of t he  waste 

w a s  l i m i t e d  t o  100 nCi/g. The waste m a t e r i a l s  i n  t h e  drums inc luded  

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

wood, bu i ld ing  materials, a wide v a r i e t y  of metal o b j e c t s  ( i nc lud ing  pipe 

and v a l v e s ) ,  and decontamination and cleanup materials. A l l  drums had 

been examined by t h e  RTR technique  t o  d e t e c t  l i q u i d s  before  d e l i v e r y  

t o  US Ecology, and a v ideotape  of t h e  examination w a s  kep t  as a record.  

Many of t h e  drums, which were not of t h e  type approved by t h e  U.S .  

Department of T ranspor t a t ion  (DOT) as s u i t a b l e  f o r  shipment over t h e  

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

11 
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During the supercompaction, US Ecology placed the supercom- 

pacted drums (pucks) in 125-gal steel overpacks fitted with a rein- 

forcing steel cage around the stack of pucks. Following the 

compaction operations, US Ecology filled the annular space around 

the stack of pucks in the 47 overpacks with a cement grout specified 

to have a minimum unconfined compressive strength of 2000 psi. The 

cement grout was supplied by a local firm and was delivered in stan- 

dard trucks fitted with rotating tilt mixers. A nominal thickness of 

3 in. of grout was placed between the stack of pucks and the wall of 

the overpack during the generation of the final waste form. 

Energy Systems provided US Ecology personnel with an initial 

orientation in which ORNL health, safety, and environmental protection 

requirements were described. A s  an added precaution, Energy Systems 

carried out whole-body radiation counting surveys for all US Ecology 

personnel upon their arrival and before their departure. In addition, 

Energy Systems established a "baseline" radiation survey of the US 

Ecology equipment upon its arrival and before demonstration activities 

were allowed to begin. These surveys were repeated after the final 

decontamination procedures were carried out, prior to releasing the 

equipment for transport over public highways under DOT requirements, 
as summarized in a letter2 from R. L. Jeffers of the ORNL Radiation 

and Safety Surveys Department. A s  a result of the initial, baseline 

survey, US Ecology was required to carry out a moderate amount of 

decontamination before beginning the supercompaction operations. 

During this decontamination, it was verified to Energy Systems that 

the ORNL "green tag" threshold radiation level for transferrable 

radiation was not being exceeded. 

Considerable internal documentation is required by Energy Systems 

for on-site demonstrations in which a subcontractor performs work on 

DOE/ORO facilities with DOE/ORO wastes. The purpose of the documen- 

tation is to protect the interests of Energy Systems and DOE/ORO in 

activities carried out by a subcontractor. A s  a result of this 

demonstration and others conducted under similar circumstances, this 

documentation, designed to protect the interests of all involved, has 

proven to be invaluable. For this on-site demonstration, the 

following documentation was provided: 
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1. 

2. 

3 .  

4. 

1 
Statement of work for supercompaction and grouting of RTR Drums, 

including an appendix detailing the Energy Systems administrative 

requirements regarding environmental, health, safety, and 

transportation protection with which the subcontractor is 

required to comply. 

Documents for both the supercompaction and grouting activities to 

satisfy National Environmental Policy Act requirements for 

environmental activities and address the environmental protection 

of the site during the demonstration. 

Safety assessment documentation for all demonstration activities, 

to determine the adequacy of US Ecology's and Energy Systems' 

safety systems associated with the demonstration activities. No 

further documentation (such as a final safety analysis report or 

an operational safety requirements document) was found to be 

required. 

Quality assurance documentation covering Energy Systems' 

support for the demonstration. 

A summary of processing data and experience was supplied by US Ecology 

in late July 1987 that provided details of the on-site demonstration 

results for the supercompaction of the 300 RTR-examined drums and the 

forty-seven 125-gal grouted overpack waste forms produced. Much of 

the information contained in this report is based on the data and 

descriptions supplied by US Ecology in their summary. 

3.2 EOUIPMENT DESCRIPTION AND SPECIFICATIONS 

The US Ecology supercompactor consisted of a 2200-ton vertical 

hydraulic press built onto a 49-ft double-drop trailer equipped with 

two fixed axles and two steerable axles. Because of the high payload, 

the trailer was designed with four axles and added length so that it 

could be transported through any state with overload permits. The 

tractor and compactor trailer weighed a total of 115,000 tb, creating 

axle weights of <18,000 lb. An artist's rendering of the supercompac- 

tion unit is shown in Fig. 3.2. 
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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 cons t ruc t ed  

so  t h a t  they could be detached and shipped on a s e p a r a t e  s t anda rd  f l a t -  

bed t ra i le r .  When t h e  supercompaction system a r r i v e d  a t  ORNL, fou r  

j a c k  s t ands  were used t o  ra ise  t h e  hydrauli-c u n i t  above the  f la t -bed  

t r a i l e r .  The. f l a t -bed  t r a i l e r  w a s  then pu l l ed  from underneath the  

hydrau l i c  power u n i t ,  and the  compaction p r e s s  t r a i l e r  was pos i t i oned  

underneath the. power u n i t .  The power u n i t  w a s  then  lowered onto the  

compaction t ra i ler  and a t t a c h e d  with fou r  s t anda rd  cargo con ta ine r  

locks.  The assembled compactor u n i t  w a s  then ready f o r  f i n a l  

assembly, which cons i s t ed  of e l e c t r i c a l  power hookup, conveyor 

a t tachment ,  and hydrau l i c  connect ions.  

The v e r t i c a l  hydrau l i c  p r e s s  i n s t a l l e d  i n  t h e  proces ing  t r a i l e r  

w a s  manufactured by Hansa P ro jek t  Company of t he  Federa l  Republic of 

Germany. Drums t o  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 t o  t he  p re s s  platform.  A "clamshell" 

mold, hinged f o r  easy opening and c l o s i n g ,  c losed  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 ,  having the  same diameter  as the  

drum, pressed t h e  drum w i t h i n  t h e  conf ines  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  demonstrat ion)  w a s  m e t ,  s topping  

the s t r o k e  of t h e  p i s ton .  The p i s t o n  w a s  then r e t r a c t e d ,  t he  c lamshel l  

mold was unlocked and opened, and t h e  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 t he  t r a i l e r .  Doors were pro- 

vided 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 hese  

doors  were c losed  dur ing  compaction opera t ions .  A f l o w  of a i r  through 

the  compaction area was provi.ded dur ing  compaction by an induced-draf t 

f a n  di-scharging through a HEPA f i l t e r  and a carbon bed. A l l  opera t ions  

were observed and c o n t r o l l e d  from t h e  c o n t r o l  booth,  from which the  

ope ra to r  could see t h e  mvement oE drums i n t o  and out  of t h e  cornpaction 

area through g l a s s  windows. 

3 . 3  OPERATION OF THE SUPERCOMPACTOR 

The supercompactor w a s  opera ted  by a €our  -person  crew c o n s i s t i n g  

of an ope ra to r ,  a drum loade r ,  a compacted drum handler ,  and a person to  
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manage t h e  r equ i r ed  documentation. Operation of t h e  compactor w a s  done 

completely w i t h i n  t h e  compactor c o n t r o l  room, from which t h e  ope ra to r  

i n i t i a t e d  t h e  sequences and t h e  microprocessor c o n t r o l l e d  t h e  cha in  of 

events .  The computer system c o n s t a n t l y  monitored many i n t e r l o c k s ,  

h y d r a u l i c  tempera tures  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 systems. The o p e r a t o r  viewed t h e  p r e s s  o p e r a t i o n  through t h e  

press-room windows and monitored t h e  compaction inpu t  and output  via 

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  system. Emergency s t o p  bu t tons ,  l oca t ed  

i n  SIX s t r a t e g i c  l o c a t i o n s  throughout t h e  u n i t ,  were provided t o  shu t  

down a l l  e lectr ical  h y d r a u l i c  power. The h y d r a u l i c  system w a s  powered 

by two 72-hp e l e c t r i c  motors, each of which w a s  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 supp l i ed  a l l  t h e  

system hydrau l i c s  o t h e r  than  t h a t  t o  t h e  main p i s ton .  I n  a d d i t i o n  t o  

t h e  s t anda rd  h y d r a u l i c  hardware, t h e  system inc luded  au tomat ic  o i l  

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

Environmental c o n t r o l s  on t h e  compaction system inc luded  an a i r  

emiss 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  w a s  t e s t e d  by Energy Systems personnel  and 

w a s  determined to have a removal e f f i c i e n c y  of 99.93% a t  0.3 p. Roll-  

up a i r - lock  doors were c losed  du r ing  t h e  e n t i r e  compaction o p e r a t i o n ,  

s e a l i n g  of f  t h e  p r e s s  compartment e n t i r e l y .  During t h e  t i m e  when t h e  

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 w a s  drawing 

a i r  from a r i n g  j u s t  above t h e  c l amshe l l  mold at  a flow rate of about 

260 f t3 /min ,  thereby  c r e a t i n g  a nega t ive  p r e s s u r e  w i t h i n  t h e  p r e s s  

compartment t o  prevent t h e  out f low of f u g i t i v e  emissions.  Air 

withdrawn from i n s i d e  t h e  p r e s s  compartment was passed through HEPA 

and cha rcoa l  f i l t e r s  and then  exhausted t o  t h e  atmosphere. A d i f -  

f e r e n t i a l  p r e s s u r e  senso r  ac ross  t h e  f i l t e r  c a r t r i d g e s  was provided t o  

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 rep laced  t o  main ta in  

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

3 .4  DESCRIPTION OF THE SUPERCOMPACTION PROCESS 

Energy Systems personnel  s t aged  t h e  55-gal drums near t h e  

i n l e t  s i d e  of t h e  compactor. From t h a t  p o i n t ,  US Ecology personnel  
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took t h e  drums, deformed t h e  locking  r i n g  t o  minimize the  diameter ,  

and loaded the  drums onto t h e  inpu t  conveyor, as shown i n  F ig .  3.3. 

A s  each drum w a s  made ready €or  i n p u t ,  t he  drum i d e n t i f i c a t i o n  number 

and weight were recorded. Af t e r  t h e  drum was loaded onto  t h e  inpu t  

conveyor, t he  c o n t r o l  room ope ra to r  i n i t i a t e d  t r a n s p o r t  of t he  drum 

i n t o  t h e  p r e s s ,  where the drum was au tomat i ca l ly  cen te red  wi th in  the  

c lamshel l  mold. As t h e  input  conveyor au tomat i ca l ly  r e t r a c t e d ,  an 

aud ib le  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  

panel  s igna led  completion of t he  f i r s t  s t ep .  

The second s t e p  involved secu r ing  t h e  p re s s  compartment and the  

c lamshel l s .  Roll-up doors on t h e  i n l e t  and o u t l e t  s i d e s  of t he  p re s s  

compartment c losed ,  and the  a i r  emission c o n t r o l  system au tomat i ca l ly  

s t a r t e d ,  c r e a t i n g  a negat ive  p re s su re  wi th in  t h e  compartment. The 

c lamshel l  c l o s i n g  and locking  procedure w a s  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  t o  complete1.y enc lose  t h e  drum w i t h i n  t h e  mold. A 

dove ta i l ed  l a t c h  block w a s  pos i t i oned  t o  lock onto a matching dove- 

t a i l  b u i l t  i n t o  the  c lamshel l s .  Upon completion of these  f u n c t i o n s ,  

t h e  ope ra to r  w a s  then s igna led  t h a t  a l l  i n t e r l o c k s  were completed, 

and t h e  compression cyc le  w a s  begun. 

Duriing the compression cyc le ,  t he  hydrau l i c  ram crushed t h e  drum 

wi th  inc reas ing  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  system. A t  t h a t  po in t  t h e  hydrau l i c  p re s su re  w a s  reduced, t he  

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

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

s a t i s f i e d ,  t he  a i r - lock  doors were r a i sed .  The o u t l e t  conveyor s t a r t e d ,  

and the  puck was au tomat i ca l ly  retei .eved from w i t h i n  t h e  press .  The 

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

packing. Each overpack had t h e  capac i ty  t o  s t o r e  up t o  three 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 

t h e  press .  Three 125-gal overpacks were s t aged  near t h e  outl .et  conveyor, 

all.owing the ope ra to r  t o  choose t h e  overpack which r e s u l t e d  i n  the  bes t  

u t i l i z a t i o n  of overpack capac i ty ,  thereby  minimizing overpack cos t  and 

disposal .  volume. From t h e  o u t l e t  conveyor, t he  ope ra to 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  it  along the monorail  c rane ,  and 

lowering it i n t o  one of the t h r e e  overpacks.  
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About one- th i rd  of t h e  drums supercompacted r e l e a s e d  some amount 

of l i q u i d  dur ing  t h e  p re s s ing .  Although t h e  p r e s s  area w a s  equipped t o  

c o n t a i n  a small amount of runoff i n  a containment v e s s e l ,  volumes of 

l i q u i d  of about 1 q u a r t  o r  more p re sen ted  unexpected cleanup problems. 

Liquids  r e l e a s e d  tended t o  flow out  i n t o  t h e  area sur rounding  t h e  

c l amshe l l  and r equ i r ed  removal before  compaction could resume, t hus  

caus ing  a s i g n i f i c a n t  de lay  i n  ope ra t ions .  Energy Systems provided US 

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

releases. I n  a d d i t i o n  t o  t h e  cleanup of l i q u i d s  i n  t h e  p r e s s  area, it 

w a s  necessary  t o  p l ace  b l o t t e r  paper on t h e  f l o o r  of t h e  enc losu re  t o  

abso rb  f u g i t i v e  l i q u i d s  which continued t o  d r i p  out  of t h e  pucks on 

t h e  conveyor 

US Ecology and Energy Systems personnel  working w i t h i n  t h e  

r a d i a t i o n  contamination c o n t r o l  enc losu re  were r equ i r ed  t o  wear pro- 

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 with combination 

c a r t r i d g e s .  The c l o t h i n g  inc luded  d i sposab le  Tyvex s u i t s  and shoe 

covers.  Continuous a lpha  and beta/gamma r a d i a t i o n  monitors were used 

i n s i d e  t h e  enc losu re  t o  d e t e c t  any release 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 wi th  t h e  Energy Systems requirement t h a t  t h e  compacted 

drums be surrounded by a nominal 3 i n .  of r e in fo rced  conc re t e  i n  t h e  

f i n a l  waste form, US Ecology opted t o  c o n s t r u c t  t h e  waste form by 

us ing  a precast bottom conc re t e  b i l l e t  con ta in ing  t h e  preformed s t ee l  

r e i n f o r c i n g  bars  t h a t  would surround t h e  s t a c k  of pucks. The 3-in.-thick 

b i l l e t  con ta in ing  t h e  r e i n f o r c i n g  ba r s  w a s  p laced  i n  t h e  overpack p r i o r  

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

overpack con ta in ing  t h e  b i l l e t  wi th  r e i n f o r c i n g  s t e e l  is shown i n  

Fig.  3.5. The layout  of t h e  r e i n f o r c i n g  s tee l  wi th in  t h e  waste form 

i s  shown i n  Fig. 3 . 6 .  A s  each compacted drum was p laced  i n  t h e  over- 

pack, it w a s  cen tered  wi th in  t h e  s tee l  reinforcement.  Succeeding 

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

u n l e v e l  tops  o r  bottoms, a p r e c a s t  conc re t e  space r  was used t o  keep 

t h e  pucks cen te red  w i t h i n  t h e  overpack. 
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ORNL PHOTO 232887 

5 

Fig. 3.5. Overpack drum with reinforcing steel and billet i n  place. 
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ORNL DWG 87-1147 

REINFORCING in TOP 

ALL REINFORCEMENT TO 
BE NO. 4 GRADE 60 REBAR 

REINFORCING in BOTTOM 

12” MIN. LAP 1” MIN. OVERPACK TO 
REINFORCING CLEARANCE 

27” Dia. REBAR 
HOOPS 

S d b  
A I .L ~* 1-3’’ THICK PRECAST 

CONCRETE PALLET 

Fig. 3.6. Layout of steel reinforcing cage. 
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The placement of compacted drums i n t o  an overpack w a s  stopped when 

a minimum of 3 in.  of void space remained above t h e  s t a c k  of pucks. A t  

t h a t  t ime, 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  overpack. The 

e x t e r n a l  s u r f a c e s  were then  wiped f o r  smear surveys taken  by Energy 

Systems h e a l t h  physics personnel t o  ensure  t h a t  t h e r e  w a s  no contamin- 

a t i o n  on t h e  o u t s i d e  of t h e  overpack. A f t e r  each overpack w a s  determined 

t o  be f r e e  of e x t e r n a l  contamination, it was moved o u t s i d e  of t h e  rad io-  

l o g i c a l  c o n t r o l  enc losu re  u n t i l  a l l  supercompaction ope ra t ions  were 

co mp 1 e t  e d . 
Following completion of supercompaction, t h e  drums were moved i n s i d e  

t h e  a i r - lock  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  enc losu re  one a t  a t i m e  

f o r  grout ing .  Af t e r  each drum w a s  brought i n t o  t h e  a i r  lock ,  a pneumatic 

v i b r a t o r  was a t t ached  t o  t h e  overpack, t h e  l i d  of t h e  overpack w a s  

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 tee l  was put i n  p lace .  

Cement g rou t ,  which w a s  d e l i v e r e d  t o  t h e  s i t e  i n  tilt mixer t r u c k s ,  w a s  

conveyed d i r e c t l y  i n t o  t h e  overpack from o u t s i d e  t h e  enc losure  v i a  t h e  

chute  provided with t h e  t r u c k ,  as shown i n  Fig. 3 . 7 .  The chute was 

wrapped i n  p l a s t i c  t o  avoid t h e  p o s s i b i l i t y  of cross-contamination. 

A s  each overpack was f i l l e d  wi th  g rou t ,  t h e  v i b r a t o r  was allowed 

t o  run f o r  s e v e r a l  minutes t o  ensure  t h a t  a l l  a i r  voids would be 

f i l l e d .  

A f t e r  each overpack was f i l l e d  wi th  grout  and adequate ly  

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

was removed from t h e  enc losu re  and r e l eased  t o  Energy Systems person- 

n e l .  

3 . 6  POSTCOMF'ACTION DECONTAMINATION A C T I V I T I E S  

The r e l a t i v e l y  minor amount of decontamination requi red  p r i o r  t o  

demobi l i za t ion  of t h e  US Ecology equipment r equ i r ed  approximately 39 

work-hours by US Ecology personnel.  The decontamination proceeded 

from t h e  areas of lowest t o  h i g h e s t  contamination, beginning wi th  

t h e  i n l e t  s i d e  of t h e  u n i t ,  which inc luded  t h e  inpu t  conveyor and t h e  

load ing  gant ry  crane.  As t h e  equipment was disassembled, it w a s  wiped 

down wi th  an aqueous c l ean ing  s o l u t i o n  and rags  and then  surveyed by 
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US Ecology’s radiological technician. After the technician determined 

a particluar piece of equipment to be releasable, a follow-up survey 

was conducted by Energy Systems health physics personnel. As each 

piece of equipment was completely released, it was stored inside the 

auxiliary equipment shipping container. 

After decontamination of the input side equipment, decontamination 

proceeded to the output side equipment. The same procedures that were 

used to decontaminate the input equipment were also used on the output 

equipment. 

After decontamination of all external equipment was completed, 

efforts were directed toward decontamination of the hydraulic press 

equipment contained within the press compartment. Because the compac- 

tion compartment itself is shipped as a radioactive LSA (lowspecific- 

activity) package, only DOT standards applied to the shipment of the 

closed, inoperative system. 

3 . 7  CHRONOLOGY OF EVENTS 

A chronology of significant events prior to, during, and after the 

demonstration is summarized in Table 3.1. 
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Table 3.1. Chronology of events  

Events 
_I 

Date 

9/ 86-21 8 7 

3/9/57 

3110187 

3 /  11/87 

3/12/87 

3 1  13/87 

3/ 14/87  

3/16/87 

P r e p a r a t i o n  of environmental ,  h e a l t h ,  s a f e t y ,  u a l i t y  
a s su rance ,  and work s ta tement  documentation an8 procurement 
a c t i v i t i e s  were c a r r i e d  o u t ,  i nc lud ing  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 i o n  of drums t o  
be processed dur ing  t h e  demonstration. 

US Ecology a r r i v e d  a t  SWSA-5 with  the  supercompaction 
equipment. 

US Ecology personnel  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 environmental  o r i e n t a t i o n  by Energy Systems 
personnel .  

I n i t i a l  s e t u  a c t i v i t i e s  were conducted by US Ecology 
a t  t h e  SWSA-g s i t e .  

Energy Systems Health Physics personnel  conducted base- 
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 personnel.  

US Ecolog and Energy Systems personnel  met t o  d i s c u s s  
d e t a i l s  0: proceedin  wi th  the  demonst ra t ion ,  i nc lud ing  
decontamination of tfe equipment which would be r equ i r ed  
be fo re  Energy Systems could permit com a c t i o n  t o  occur.  
It was decided t h a t  t h e  100-dpm l i m i t  !or t r a n s f e r r a b l e  
(smear) a lpha  contamination specif.ied i n  t h e  SOW would be 
adhered t o  but t h a t  t h e  requirements 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  contamination of t h e  u n t t  ren- 
de r sd  t h e  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 anda rds  impossible t o  achieve.  

The motor-generator u n i t  w a s  d e l i v e r e d  from Y-12, set up 
nea r  t h e  demonstration s i t e ,  and connected t o  t h e  super- 
compaction equipment. 

US Ecolo c a r r i e d  ou t  decontamination of t h e  p r e s s  u n i t  
t o  meet gergy Systems requirements of < lo0  dpm of a lpha  
contaminat ion  by t r a n s f e r ,  t o  a s s u r e  thZt  p r i o r  contamin- 
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 dur ing  
compact ion. 

Energy Systems c r a f t  personnel  be a n  c o n s t r u c t i o n  of t h e  
enc losu re  on t h e  o u t l e t  s i d e  of t fe  t ra i ler .  

Energy Systems determined t h a t  t h e  decontamination 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  - < l o 0  dpm f o r  a lpha  was  
s a t i s f a c t o r y .  

Cons t ruc t  i o n  of t h e  enc losu re  continued. 

T e s t i n  of US Ecolo ' s  HEPA f i l t e r  i n d i c a t e d  an accept- 
a b l e  e f f i c i e n c y  of !&.93% removal of p a r t i c u l a t e s  a t  
t h e  0.3-u l e v e l .  

The enc losu re  w a s  completed. 

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  t h e  
s t a g i n  of t h e  f i r s t  50 drums by Energy Systems an8 t h e  
p rov i s fon  of s c a l e s  t o  weigh t h e  drums. 
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Table 3.1 (cont inued)  

Event .-.- Date 

3 / 1 6 / 8 7  US Eco1oe;y s u c c e s s f u l l  processed a “c lean  drum’* t o  
v e r i f y  t h a t  t r a n s f e r r a g l e  r a d i a t i o n  requirem, mnts were 
being m e t .  

3 / 1 7 / 8 7  

3 / 1 8 / 8 7  

3 / 1 9 / 8 7  

3120187 

3 / 2 1 / 8 7  

3 / 2 4 / 8 7  

3 / 2 5 / 8 7  

3 / 2 6  187 

3 / 2 7  187 

One waste drum w a s  processed p r l o r  eo eauipment 
malfunct ion.  

Corn a c t i o n  ope ra t ions  were i n i t i a t e d ,  with some equlpment 
proglems. Thirty-one drums were processed,  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 mafn 
source  of t h e  drums conta in ing  l i q u i d s  w a s  i d e n t i f i e d ,  
and drums from t h i s  source  were removed from the  inven- 
t o r y  t o  be processed dur ing  t h e  demonstrat ion.  

Videotapes of t h e  RTR of t h e  drums t h a t  produced 
l i q u i d s  dur ing  su ercompaction w e r e  reviewed, and t h e  
presence of f r e e  P iqu ids  w a s  not observed on t h e  tapes .  

Energy Systems h e a l t h  phys ics  personnel  conducted smear 
sampling of a l l  drums processed t o  v e r i f y  t h a t  t rans-  
f e r r a b l e  r a d i a t i o n  s t anda rds  were being m e t .  

Media coverage of t he  demonstrat ion w a s  provided b 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 Ridger,  T g e  
Knoxvil le  J o u r n a l ,  and The Knoxvil le  N e w s - S e n t r n e r  

F i f ty- four  drums were processed ,  a l though release of l i q u i d s  
cont inued.  A l l  drums processed were smear t e s t e d  f o r  
s u r f a c e  contaminat ton.  

S ix ty-s ix  drums were processed,  a l though t h e  presence of 
some l i q u i d s  and smear t e s t i n g  delayed opera t ions .  

Only 20 drums were processed because of de l ays  r e s u l t i n g  
from l i q u i d  releases e 

Tennessee Department of Heal th  and Environment represen-  
t a t i v e  observed the  demonstrat ion.  

Com a c t i o n  of 300 drums w a s  completed; 47 overpacks were 
f i l y e d ,  wi th  3 pucks loaded i n t o  t h e  48th overpack. 

US Ecology began c l ean ing  and disassembly of t h e  u n i t  
t o  meet DOT requirements .  

A l l  overpacks w e r e  grout.ed i n s i d e  the  enc losure .  

US Ecology and Energy Systems began f i n a l  cleanup and 
decontaminat ion a c t i v i t i e s .  

A l l  demonstrat ion a c t i v i t i e s  were completed and approved, 
i nc lud ing  h e a l t h  physics  e x i t  surveys of t h e  e iiipment. 
Whole-body count ing of US Ecology personnel  i n a i c a t e d  
t h a t  t h e r e  had been no increase i n  r a d i a t i o n  eontam-ination 
of personnel .  

US Ecology removed the  t r a i l e r  con ta in ing  t h e  compaction 
u n i t  from SWSA-5. 

3130187 WMTC informed Energy Systems Procurement t h a t  supercom- 
pac t ion  and g rou t ing  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  . 

416 1’87 Radia t ion  p r o t e c t i o n  resu1.t.s from t h e  demonstrat ion w e r e  
made ava i l  a b l e  by Energy Systems. 

7 130187 US Ecology de l ive red  a summary on the  demonstrat ion,  approx- 
ima te ly  four  months a f t e r  t he  demonstrat ion w a s  completed. 
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4. RESULTS 

4.1 INTRODUCTION 

This chap te 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  supercompaction/ 

packaging demonstration. Sec t ions  4.2 and 4.3 provide a summary of t he  

volume reduc t ion  and c o s t  performance of t h e  supercompaction/packaging 

demonstration. A systems a n a l y s i s  s tudy  w a s  conducted 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  demonstration wi th  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 t h e  s o l i d  LLW management system. The 

resu l t s  of t h i s  systems a n a l y s i s  s tudy  a r e  presented  i n  Chap. 5. 

4.2 VOLUME REDUCTION 

151  s. 

3 
The supercompaction of 300 drums (volume, 7.68 f t  /drum) r e s u l t e d  

3 
i n  8 d i s p o s a l  capac i ty  sav ings  of about 1958.3 f t  , or 85% of t h e  

o r i g i n a l  d i s p o s a l  capac i ty  needs. The packaging of 300 compacted 

drums, o r  pucks, i n t o  47 overpacks (volume, 16.77 f t  /overpack) 
3 

decreased  t h e  d i s p o s a l  c a p a c i t y  sav ings  from 1958.3 t o  1518 f t  , o r  

19%. The ne t  d i s p o s a l  capac i ty  sav ings  r e a l i z e d  from the  demonstra- 

t i o n  p r o j e c t  w a s  about 66% of t h e  o r i g i n a l  uncompacted waste volume. 

3 

A s  i l l u s t r a t e d  by Fig. 4.1, t h e  o v e r a l l  volume reduc t ion  and packaging 

f a c t o r s  f o r  t h i s  demonstration are as g iven  below. 

I Superconpact i on  - : 
Volume reduc t ion  f a c t o r  = Uncompacted waste volume/packaged waste 

volume 

= 2304/345.7 

= 6 . 6 6 ~ 1  

Supe r - a c t  ion/Packaging : 

Volume reduc t ion  f a c t o r  = Uncompacted waste volume/packaged waste 
volume 

= 2304/788.2 

= 2.9:1 

Packaging f a c t o r  = Packaged waste volume/unpackagcd waste 
volume 

= 788.2/345.7 

= 2.28:l 



30 

_.... 
.
 . . .._

. 

”%
-- 



31 

4.3 COSTS 

The c o s t s  accounted f o r  i n  t h i s  demonstration p r o j e c t  a r e  summarized 

i n  Table 4.1. The t o t a l  c o s t  f o r  t h e  p r o j e c t  is es t imated  t o  be about 

$195K, which inc ludes  about $100K i n  a d d i t i o n a l  demonstration c o s t s  

over  and above those  f o r  the s u b c o n t r a c t o r  and t h e  d i r e c t  on - s i t e  sup- 

p o r t  c o s t s .  "he v a r i a b l e  o p e r a t i n g  ( s u b c o n t r a c t )  c o s t  f o r  supercompaction 

w a s  $8700, or $29/drum. This c o s t  r e s u l t e d  i n  an average supercom- 

p a c t i o n  c o s t  of about $3 .78/ f t3  of uncompacted waste. 

The t o t a l  v a r i a b l e  o p e r a t i n g  ( s u b c o n t r a c t )  c o s t  €o r  packaging t h e  

compacted drums was $19,025.60, or' $404.80/overpack (Table 4.2). 

This c o s t  r e s u l t e d  i n  an average packaging cos t  of about $8.26/ft of 

uncompacted waste. D i rec t  materials accounted f o r  80% of t h e  packaging 

c o s t ,  while d i r e c t  l abo r  accounted for t h e  o t h e r  20%. 

3 



Table 4.1. Supercmpsct lon denana+ratIon p r e l l m l n a r y  mst sumnary 

Basls: In l t :a I  wlurne of WO 55-9al drums (57.4-931 capacity) = 2304 f t3 .  

Var lab  le Flxed Incremental u n l t  cust  ( S / f t 3 )  Demo phase subto ta l  
Task Cos? alensnt m s t  ( 3 )  cost I S )  Varfable Flxed Tota 1 u n l t  cus t  ( ~ f t 3 )  O m s t r a t i o n  

phase 

Preoperat lona 1 R e p a r a t l o n  of Sta7ement 01 Work 
Sribcontract award 

$5 sat$?! and envlronmentai 
unen B la, 

k b ' l t z a  ion of supercanpactlon 
eq u t pmenl 
Construct lon of m t a l n r n e n t  t e n t  

O m r a t  lona I 

Postoperat tonal  

Subtofa1 
Overhead (30%) 
Tota I 
Grdnd totas 

R o j e c t  manacpnent 
Supercmpact ton 
Packag I n g  

Porer supply 
HeaI.th physIcs/rnon I t o r  lng 

HEPA f I I ter test Ing 
Drum siaging and on-slte labor 

?roJect documen+at:on 

,%pbG;fa?ion of supercanpac+icm 

suppors 

Demo4 l t lon  of temporary s t r u c t u r e  
Olsposai of  conialnment Pent 
Preparat lon of p r o j e c t  assessment 
r e o o r t  

3:-act labor 
Dlrec? :abor 

D i r e c t  rabor 

Total  
D!rect  labor 
3iroct m a t e r i a l s  

Subtotal  
Oireci (abor 
Total  !#l S29/drum) 
Totai  (47 B IcOJ.Iw) 
D:rect mater 'a ls  - mlsc. 
D i r e c t  mater:als 
D i r e c t  I a m r  
O l r e c t  materials 
OI rec t  I a b r  

D l r e c t  libor 

Subtota I 

Tota i 
D i r e c t  labor 
Tota J 

D l r e c t  labor 
Subto ta J 

7,703 
8,703 

19,025.6 
M O  

3,100 
5,040 

160 
219 

14,MO 
25,400 
87,764 
- 

51,665 
j5.500 
67,765 
- 

7.700 
950 

7,700 

5,200 
7.765 

33,815 
4,500 

3.78 
8.26 
3.22 
1.38 
2.19 
3.07 
0. :o 
6.44 

- 
22.44 

7,600 
2,000 
1,000 

20,000 
30,800 
97,7!5 22.46 
29,315 6.79 

127,030 29.17 
- 

3.34 
0.4 1 

11.34 

2.26 
3.37 
1.95 

14.67 
3.34 

1.02 
i4.55 

3 . 3 ~  
0.87 
0.43 

8.68 
13.36 

42.39 

55.11 

- 

!2.72 - 

3.34 
0.4 1 

3-34 

2.26 
3.37 
1.95 

14.67 
3.34 
3.78 
8.26 
0.22 
1.38 
2.19 
0.07 
0.10 

6.44 
1.02 

36.80 

3.38 
0.87 
0.93 

- 

- 

10.67 

36.80 

8.68 - - 
13.36 13.36 
64.83 
19.45 
84.28 
- 

63.83 
19.45 
e4.28 
- 

3194,195 
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Table 4.2. Supercompaction demonstration packaging cost summary 

______ Cost element __ Cost ($1 Cost ($1 

Direct m a t e r i a l s  

Overpack 
( 4 7  a t  0.30 x $404.80)  

Reinforced p r e c a s t  conc re t e  
( 4 7  a t  0.24 x $404.80) 

Reinforced grout 
(47  a t  0.26 x $404.80) 

Direc t  l abo r  

Grout ing (47 at  0.20 x $404.813) 

T o t a l  cost 

T o t a l  packaging u n i t  cos t  ($/overpack)  

5,707 70 

4,566.14 

4,946.64 

3,805.12 

15,220.48 

3,805.12 

19,025.60 

404.80 



5. SYSTEMS ANALYSIS 

5.1 INTRODUCTION 

The t h r e e  major o b j e c t i v e s  of s o l i d  LLW volume reduct ion  arid 

packaging a r e  t o  (1 )  develop an improved waste form f o r  g r e a t e r  con- 

f inement ,  ( 2 )  reduce t h e  waste volume t o  extend t h e  l i f e  of t he  cu r ren t  

d i s p o s a l  si-res, and ( 3 )  accomplish the  o t h e r  two o b j e c t i v e s  i n  a cos t -  

e f f e c t i v e  manner. A s  w i l l  be shown i n  Sects .  5.2 and 5.3, t h e  a b i l i t y  t o  

demonstrate  t h e  achieveinent of o b j e c t i v e  3 w i l l  depend on the  performance 

of t he  waste management cos t  t r a c k i n g  systems used both f o r  cu r ren t  prac- 

t i c e s  (no volume reduct ion  and packaging) and f o r  technology demonstra- 

t i-ons o f ,  o r  s e r v i c e  c o n t r a c t s  f o r ,  waste volliiue reduct ton  and packaging. 

Sect  i-ons 5.2. and 5.3 eva lua te  the performance of supercompact i o n /  

packaging i n  terms of the  d i s p o s a l  capac i ty  sav ings  and the  cos t -  

e f f e c t i v e n e s s  of t h i s  waste managenuent a l t e r n a t i v e  i n  achiev ing  t h e  

d i s p o s a l  capac i ty  savings.  

5.2 VOLUME REDUCTION PERFORMANCE ASSESSKENT 

Table 5.1 p re sen t s  a summary of t h e  r e s u l t s  from the  supercompac- 

t i on lpackag ing  demonstrat ion on an overpack bas is .  To i d e n t i f y  the  

type  of d i s t r i b u t i o n  r e s u l t i n g  f rom the supercompacti-on, t he  f i n a l  

he igh t  of the  compacted drums and t h e  a s s o c i a t e d  volume reduct ion  fac-  

t o r  were grouped on an increment of one u n i t ,  and t h e  midpoint of the 

range w a s  p l o t t e d  vs t h e  rmmber of drums i n  t h a t  range (frequency) .  

F igures  5.1 and 5.2 present  a summary of t he  r e s u l t s  Erom t h e  super- 

compaction/packaging demonstrat ion on a f r e q w n c y  (number of drums) 

b a s i s .  These d a t a  do not r e f l e c t  a normal d i s t r i b u t i o n .  Such i n f o r -  

mation i s  u s e f u l  when comparing d a t a  f o r  t h e  same technology. 

It w a s  proposed t h a t  t h e  volume reduct ion  f a c t o r  was deg.ero.ined 

by t h e  d i f f e r e n c e  between t h e  in i . t i . a l  and f ina l .  d e n s i t i e s  of the  waste 

stream. It w a s  f u r t h e r  a n t i c i p a t e d  t h a t  t he  f i n a l  dens i ty  of t he  corn--- 

pae ted  waste, as determined by the  p re s su re  of the  compactor, would 

reach  a s a t u r a t i o n  value.  

34 
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Table 5.1. 

Overpack No. of Total puck Puck height (in.) a f t e r  

Summary of resul ts  of supercompaction/packaging demonstration 
-.---.______-.I ___._ 

height ____I.._._._._._.___ (in. ) __ -_I._i sup e r c o mp act ion No. pucks 
______-II 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14  
15 
16 
17 
1 8  
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44  
45 
46 

9 
7 
8 
8 
8 
9 
8 
7 
7 
8 
7 
9 
8 
8 
7 
9 
9 
8 
8 
5 
4 
6 
4 
6 
7 
4 
8 
4 
3 
6 
6 
6 
5 
6 
3 
6 
5 
7 
7 
6 
7 
5 
4 
5 
5 
5 

32.25 
33.00 
31.50 
30.25 
31.00 
31.75 
32.50 

31.25 
35.50 
30.00 
31.50 
33.00 
32.00 
30.25 
31.25 
30.00 
30 7 5  
32.50 
35 .oo 
33.25 
31.50 
29.50 
33.25 
32.75 
33.50 
32.00 
31.25 
34.00 
33.75 
32.25 
32.25 
31.75 

35 50 

30 75  
31.00 
33.50 
33.25 
33.50 
32.00 
34.75 
30.25 
34.50 
34.75 
31.50 
35.75 
32.00 

47 - 3 13 00 
Total 300 1502.50 

2 . 5 / 4 . 5 / 3 . 7 5 / 4 . 5 / 3 . 5 / 5 / 4 . 5 / 2 . 5 / 1 . 5  
5/3.5/7.75/2/7.5/3.5/3.75 
5 . 5 / 5 / 1 / 5 . 2 5 / 4 . 5 / 3 . 5 / 2 . 5 / 4 . 2 5  
3 /3 .5 /2 .5 /4 /4 .25 /4 /5 .5 /3 .5  
5 . 5 / 5 / 2 . 5 / 4 / 3 . 5 / 3 . 7 5 / 3 . 2 5 / 3 . 5  
3.25/3.5/3.25/5/3.5/3.5/3.25/1.5/5 
5 . 5 / 4 . 5 / 3 . 7 5 / 3 . 2 5 / 2 . 7 5 / 5 / 5 / 2 . 7 5  
7 / 5 / 3 / 1 0 . 5 / 3 . 5 / 3 . 5 / 3  
4 . 2 5 / 4 / 4 / 4 . 5 / 4 . 5 / 5 / 5  
3 . 5 / 4 . 5 / 3 . 5 / 4 / 4 / 4 . 5 / 5 . 5 / 6  
5 . 5 / 2 . 5 / 7 / 4 . 5 / 3 . 5 / 4 / 3  
5 . 5 / 2 . 5 / 3 . 5 / 4 , 7 5 / 4 / 3 / 4 / 3 / 1 . 2 5  
5 . 5 / 3 . 5 / 3 . 2 5 / 2 / 4 . 2 5 / 6 . 5 / 5 / 3  
2 . 7 5 / 4 . 5 / 5 . 5 / 6 . 5 / 2 . 5 / 4 . 5 / 4 . 2 5 / 1 . 5  
6 .5 /2 .7S/4 .25 /4 .25 /4 .25 /4 .5 /3 .75  
2 . 5 / 4 . 5 / 3 . 5 / 6 . 5 / 5 / 2 . 7 5 / 2 . 5 / 1 . 5 / 2 . 5  
2/1.5/3.5/1.25/6.5/3.75/5.5/4.5/4.5/1.5 
3 . 5 / 4 . 2 5 / 4 / 3 . 7 5 / 1 . 5 / 4 / 6 . 2 5 / 3 . 5  
4 / 3 . 5 / 4 . 2 5 / 3 . 2 5 / 4 . 5 / 5 . 2 5 / 4 / 3 . 7 5  
4 . 5 / 7 . 2 5 / 1 3 . 5 / 5 . 7 5 / 4  

4 . 5 / 4 . 5 / 4 / 1 0 . 5 / 4 . 5 / 3 . 5  

5 . 5 / 4 / 3 . 5 / 1 5 / 2 . 7 5 / 2 . 5  
5.25/7.75/3.5/3.75/5.5/5/2 

7 . 2 5 / 6 . 2 5 / 1 7 / 2 . 7 5  

8 . 2 5 / 6 . 5 / 1 0 . 7 5 / 4  

4 /  13.5161 10 
1 . 5 / 6 . 2 5 / 2 . 2 5 / 4 . 7 5 / 5 . 5 / 2 / 5 . 5 / 4 . 2 5  
1 2 / 8 / 9 . 7 5 / 1 . 5  

4 . 5 / 8 / 4 / 6 / 6 / 5 . 2 5  
1 3 / 1 1 . 5 / 9 . 5  

7 . 7 5 / 1 0 / 5 . 5 / 4 . 7 5 / 2 . 2 5 / 2  
5 . 7 5 / 9 . 5 / 3 . 5 / 5 . 5 / 4 . 5 / 3 . 5  
1 0 . 7 5 / 7 . 7 5 / 6 / 3 . 7 5 / 4  
7 . 5 / 3 . 7 5 / 3 . 5 / 6 / 4 / 6  
1 2 / 1 2 . 5 / 6 . 5  
4 . 5 / 5 . 7 5 / 3 / 1 0 . 5 / 3 . 7 5 / 6  
6 . 5 / 5 / 4 / 1 1 . 7 5 / 6  
6 . 5 / 4 . 5 / 4 . 5 / 4 . 7 5 / 4 . 5 / 4 . 2 5 / 4 . 5  
3 / 3 . 5 / 6 / 2 . 7 5 / 3 . 5 / 4 . 7 5 / 8 . 5  
9 / 1 0 . 2 5 / 4 / 2 . 5 / 5 . 5 / 3 . 5  
3.75/3.25/11/3.5/2.75/2.5/3.5 
3.5 /3 .5 /5 .25 /9 /13 .25  
5 .25 /11 .5 /12 .25 /5 .75  
9 . 5 / 4 . 5 / 3 . 7 5 / 4 / 9 . 7 5  
5 / 1 1 . 5 / 9 . 5 / 6 . 2 5 / 3 . 5  
4 / 1 0 . 2 5 / 1 1 . 5 / 2 . 7 5 / 3 . 5  
4,514.514 

__- _____.I_ 
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ORNL DWG 6 7  652R2 

FREQUENCY 

0 5 10 15 2 0  2 5  30 35 4 0  45 50 5 5  60 6 5  7 0  75  80 85 9 0  

0.5 

1.5 

2.5 

3.5 

;; 4.5 

E 5.5 

; 7.5 : 8.5 

; 9.5 

6.5 

2 10.5 

11.5 

12.5 

13.5 

2 14.5 

15.5 

16.5 

17.5 
16.5 

Fig. 5.1. D i s t r i b u t i o n  of drum h e i g h t s  a f t e r  supercompaction. 

ORHL DWG 87-183R2 

FREQUi3dC-f 
0 5 10 15 20 25 30 35 40 45 50 55 60 

0.5 

1.5 
2.5 
8 5  

4.5 
5.5 
6.5 
7.5 
8.5 
9.5 

10 5 

11.5 
12.5 

$ 13.5 ’ 14.5 
I- z 15.5 
g 16.5 
51 17.5 

18.5 
19.5 
20.5 
21.5 
72.5 
23.5 

24.5 
285 
26.5 
17.5 

2R5 
29 5 
30.5 

I ....... 1.- ........ 1 .-...... L 

Fig .  5.2. D i s t r i b u t i o n  of voliime r educ t ion  f a c t o r s  (VRFS) 
a f t e r  supercompact-i on of 300 drums. 
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A s  shown i n  Table 5.2, about 40% (121) of the 300 drums had 
3 

uncompacted d e n s i t i e s  of 10 t o  15 l b / f t  . The d e n s i t i e s  of a l l  t h e  

drums before  supercompaction were less than  55 l b / f t  . The d e n s i t i e s  

a f t e r  supercompaction (see Table 5.3) showed a wide spread ,  ranging 

from 30 t o  270 l b / f t  . About 66% of t h e  compacted drums had d e n s i t i e s  

between 75 and 140 l b / f t  . 

5 

3 

3 

The r e l a t i o n s h i p  between t h e  volume reduc t ion  f a c t o r  and t h e  

uncompacted waste d e n s i t y  is shown i n  Fig. 5.3. A volume reduc t ion  

f a c t o r  less than  10 is  a s s o c i a t e d  - d t h  an uncompacted waste d e n s i t y  

g r e a t e r  than 12 l b / f t 3 .  

a volume reduc t ion  f a c t o r  of 10 t o  30 was  ob ta ined .  

3 
For uncompacted d e n s i t i e s  lower than  1 2  l b / f t  , 

The d i s p o s a l  capac i ty  sav ings  r e s u l t i n g  from volume reduc t ion  is 

r e l a t e d  t o  t h e  volume reduc t ion  f a c t o r  as fo l lows :  

VRF - 100 , VRF Disposa l  capac i ty  sav ings  (%) = 

where VRF is t h e  volume reduc t ion  Eactor,  def ined  as 

uncompacted waste volume 
VRF = compac-d waste volume 

As shown i n  Fig. 5.4, t h e  r a t e  of d i s p o s a l  c a p a c i t y  sav ings  is a 

dec reas ing  f u n c t i o n  of t h e  volume reduct ion  f a c t o r ,  d iminish ing  con- 

s i d e r a b l y  a f t e r  a VRF of 10. The c o s t  of supercompaction does not 

seem t o  be a f f e c t e d  by t h i s  r e l a t i o n s h i p .  However, t h i s  f i n d i n g  

should  be kept  i n  mind when s e l e c t i n g  a compaction technology f o r  

a p p l i c a t i o n  wi th  the  t y p e  of s o l i d  LLW compacted i n  t h i s  demonstration. 

The ne t  sav ings  i n  d i s p o s a l  a r e  enhanced by t h e  scale of the  demonstra- 

t i o n  when VRFs above 10 are desireld.  

5.3. ECONOMIC ASSESSMENT 

FOL- supercompaction t o  be a c o s t - e f f e c t i v e  a l t e r n a t i v e  f o r  volume 

reduc t ion  oE s o l i d  LLW, t h e  fo l lowing  c r i t e r i o n  must be met: 

Net c o s t  sav ings  f roin > c o s t  of supercompaction/packaging . 
supercompact ion/packaging - 
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Table 5.2. D i s t r i b u t i o n  of waste stream densi t ies  before supercornpaction 

Dens i ty  range Cumulattve Cumulative 
_II ...........l....s ____ _. ......... ___ . . . . . . . . . .. .. . .. . . . . . . . . . . . . . . . .. . ... . - 

percent  ___ ( l b / f t 3 )  ................................................................................. Midpoint Frequency f reqiiency Percent . .. .-. . .. . .. - 

0- 5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 

2 .5  
7.5 

12.5 
17.5 
22.5 
27.5 
32.5 
37.5 
42.5 
47.5 
52.5 

0 
19 

12 1 
61 
33 
28 
19 
10 

4 
2 
1 

0 
19 

140 
20 1 
234 
262 
28 1 
29 1 
295 
297 
298 

0 
6.4 

40.6 
20.4 
11.1 
9.4 
6.4 
3.4 
1.3 
0.7 
0.3 

0 
6.4 

47.0 
67.4 
78.5 
87.9 
94.3 
97.4 
99.0 
99.7 

100 
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Table 5.3. Distr ibut ion of waste stream d e n s i t i e s  after supercompaction 

Density range Cumulative Cumulative 
( l b / f t 3 )  Midpoint Frequency ---.--I___ frequency Perc.nt percent 

________.I--.-.--.------I- __-I 

_--_ ~ . - -  

30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
7 5-80 
80-85 
85-90 
90-95 
95-100 

100-105 
105-110 
1 1 0- 1 I. 5 
115-120 
120-125 
125-130 
130- 135 
135- 140 
140-145 
145-150 
150- 15 5 
155- 160 
160-165 
165- 170 
170- 17 5 
17 5- 180 

185-1 90 
190- 195 
195-200 
200-205 
205-2 IO 
210-215 
2 15-220 
2 20- 225 
225-230 
230-235 
235-240 
240-245 
245-250 
2 50-255 
255-260 
260-265 
265-270 

180- 1 a 5  

32.5 
37.5 
42.5 
47.5 
52.5 
57.5 
62.5 
67.5 
72.5 
77.5 
82.5 
87.5 
92.5 
97.5 

102.5 
107 5 
112.5 
117.5 
122.5 
127.5 
132.5 
137.5 
142.5 
147.5 
152.5 
157.5 
162.5 
167 5 
172.5 
177.5 
182.5 
187.5 

197.5 

207.5 
212.5 
217.5 
222.5 
227.5 
232.5 
237.5 
242.5 
247.5 
252.5 
257.5 

267.5 

192.5 

202.5 

262.5 

0 
2 
1 
1 
1 
0 
5 
7 
9 

14 
12 
11 
16 
26 
21 
13 
21 
18 
13 
11 
12 
10 
8 
3 
3 
3 
8 
4 
5 
4 
5 
5 
2 
3 
1 
3 
3 
6 
0 
2 
3 
1 
1 
0 
0 
0 
0 
1 

0 
2 
3 
4 
5 
5 

10 
1 7  
26 
40 
52 
63 
79 

105 
126 
139 
160 
178 
19 1 
202 
214 
224 
232 
235 
238 
24 1 
249 
253 
258 
262 
26 7 
27 2 
274 
27 7 
278 
28 1 

290 
290 
292 
295 
296 
297 
297 
29 7 
29 7 
29 7 
298 

284 

0 
0.7 
0.3 
0.3 
0.3 
0 
1 .7  
2.3 
3.0 
4,7 
4.0 
3.7 
5.4 
8 .7  
7.1 
4.3 
7.1 
6.0 
4.4 
3.7 
4.0 
3.4 
2.7 
1 .o 
1 .o 
1.0 
2.7 
1.3 
1.7 
1.3 
1.7 
1.7 
0.7 
1.0 
0.3 
1 .o 
1 .o 
2.0 
0 
0.7 
1.0 
0.3 
0.3 
0 
0 
0 
0 
0.3 

0 
0.7 
1 .o 
1.3 
1.7 
1.7 
3.4 
5.7 
8.7 

13.4 
17.4 
21.1 
26.5 
35.2 
42.3 
46.6 
53.7 
59.7 
64.1 
67 -8  
71.8 
75.2 
77.9 
78.9 
79.9 
80.9 
83.6 
84.9 
86.6 
87.9 
89.6 
91.3 
92.0 
93.0 
93.3 
94.3 
95.3 
97.3 
97.3 
98.0 
99.0 
99.3 
99.6 
99.6 
99.6 
99.6 
99.6 
99.9 
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Fig. 5.4. Disposal capac i ty  sav ings  as a func t ion  of t h e  volume reduct ion  f a c t o r .  
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The c o s t  elements considered i n  t h e  d i f f e r e n t i a l  c o s t  a n a l y s i s  f o r  

t h i s  demonstrat ion are based on t h e  system a n a l y s i s  model shown i n  

Fig.  4.1 and summarized i n  Tab le  5.4.  A d i f f e r e n t i a l  c o s t  a n a l y s i s  

was performed on those  elements of t h e  waste mnagement system t h a t  

a r e  not comon t o  c u r r e n t  p r a c t i c e s  and t o  t h e  s c e n a r i o s  used i n  t h i s  

demonstrat ion p r o j e c t .  Those elements of the waste management system 

t h a t  a r e  common t o  these  scenar ios  were considered as sunk c o s t s  and 

were not  en tered  i n t o  t h e  economic comparison. 

The d i f f e r e n t i a l  c o s t  c r i t e r i o n  o r  ne t  savings requirements f o r  

t h e  c o s t - e f f e c t i v e n e s s  a p p l i c a t i o n  of supercompactionlpaskaging tech-  

nology can be expressed mathematically as 

( N I C T  - NzC,)  = c o s t  savings of waste t r a n s p o r t  €rom s t a g i n g  
a r e a  t o  t h e  d i s p o s a l  u n i t ;  

(N1CD - NzCd) = c o s t  savings of waste d i s p o s a l ;  

( N I C s  C N2Cp + M )  = supercompaction/packaging e x t e r n a l ,  or  sub- 
cont r a c t  > c o s t  ; 

C" = demonstrat ion o p e r a t i o n s  on-s i te  support  
o r  i n t e r n a l ,  c o s t .  

Table 5.5 d e f i n e s  the t e rm used i n  t h e  d i f f e r e n r i a l  c o s t  c r i t e r i o n  

f o r  c o s t - e f f e c t i v e n e s s  of super@ompaction/packaging. 

Lf t h e  demonstrati  on o p c r a t j  ons on-s i te  suppor t ,  or  i n t e r n a l  cost- 

C* is def ined  i n  terms of t h e  f r a c t i o n  of the o v e r a l l  c o s t  f o r  t h e  

demonstrat ion as 

t h e n  t h e  c o s t - e f f e c t i v e n e s s  f a c t o r  (CEF) f o r  t h e  demonstrat ion or ser- 

v i c e  c o n t r a c t  can be expressed as 
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Table 5.4. Waste management e lements  of c o s t  used i n  e s t a b l i s h i n g  the 
c o s t - e f f e c t i v e n e s s  of supercsmpaction/packaging s c e n a r i o s  

Desc r ip t ion  .-___._ c o s t  

1. DisDosal of uncomacted  waste ( c u r r e n t  D r a c t i c e s )  

T1 Cost of t r a n s p o r t i n g  uncompacted drums from s t a g i n g  a r e a  t o  
t h e  d i s p o s a l  u n i t .  

D 1  Cost of d i s p o s a l  of uncompacted drums. This c o s t  i nc ludes  
s i t e  p r e p a r a t i o n ,  materials, i n s t a l l a t i o n ,  drum handl ing  
( l a b o r ) ,  and d i s p o s a l  u n i t  c lo su re .  

2. DisDosal of suDercomacted/Dackas?ed waste 

s2 Cost of supercompaction. 

M Cost of m b i l i z a t i o n / d e m o b i l i z a t i o n  o f  supercompaction u n i t .  

p 2  

c* Cost of demonstrat ion o p e r a t i o n  suppo'rt.  This cos t  i nc ludes  

Cost of packaging compacted drums 

c o s t  of procur ing  the  volume reduct  ion/packaging s e r v i c e s ,  
t h e  o p e r a t i o n a l  suppor t  s e r v i c e s ,  and q u a l i t y  a s su rance / sa fe ty  
and environmental  documentat€on. 

D2 Cost of d i s p o s a l  of the overpacks.  This c o s t  i nc ludes  
s i t e  p r e p a r a t i o n ,  materials, i n s t a l l a t i o n ,  drum handl ing  
( l a b o r ) ,  and d i s p o s a l  u n i t  c lo su re .  

Cost of  t r a n s p o r t i n g  overpacks froin s t a g i n g  area t o  the 
d i s p o s a l  u n i t .  

T2 
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Table 5.5. D e f i n i t i o n  sf term used i n  t he  d i f f e r e n t i a l  cost criterion 
f o r  the c o s t - e f f e c t l v e  a p p l i c a t i o n  of supercooapactionIpackagPng 

techuology at 01Rm 

The waste management cos t  elements in t roduced  i n  Table 5.4 are r e l a t e d  
t o  t h e  d i f f e r e n t i a l  c o s t  c r i t e r i o n  as fol lows:  

s2 = N l C S ,  

P2 -- N2Cp, 

D2  = N2Cd, 

T1 = NICT,  

T2 = N2Ct, 

Dl = N I C D ,  

where 

N 1  = number oE drums used dur ing  t h e  supercompaction 
demonstrat ion ; 

N2 = number of overpacks used dur ing  the packaging demonstra- 
t i o n ;  

Cs = c o s t  of supercompaction, $/drum; 

Cp = c o s t  of packaging, $/overpack; 

CT = c o s t  of uncompacted drum t r a n s p o r t  from s t a g i n g  area t o  
the d i s p o s a l  u n i t ,  $/drum; 

CD = c o s t  of uncompacted drum d i s p o s a l ,  $/drum; 

Ct = c o s t  of overpack t r a n s p o r t  from s t a g i n g  area t o  t h e  
d i s p o s a l  u n i t ,  $/overpack; 

'd = c o s t  of overpack d i s p o s a l ,  $/overpack. 
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The impl i ca t ions  f o r  ORNL i n  t h e  use of supercompaction/packaging 

s e r v i c e  c o n t r a c t s  f o r  the  management of s o l i d  LLW is t h a t  t h e  cost-  

e f f e c t i v e n e s s  of t h e  ope ra t ion  can be inc reased  by 
.- 

1. i n c r e a s i n g  t h e  scale of t h e  ope ra t ion ,  N 1 .  

2. i n c r e a s i n g  N 1 / N 2 ,  o r  

3.  decreas ing  t h e  f f r a c t i o n .  

The r a t i o  N1/N2 is determined hy t h e  volume reduc t ion  performance 

of t he  compactor, t h e  packaging e f f i c i e n c y ,  and t h e  des ign  of t he  

overpack t o  minimize volume loss  dur ing  t h e  packaging opera t ion .  If 

t h e  overpack can be disposed of as a d i s p o s a l  u n i t ,  an a d d i t i o n a l  c o s t  

and d i s p o s a l  capac i ty  savings could be obta ined .  The e f f e c t  of t he  

N,N, r a t i o  on the  packaging c o s t  f o r  t h i s  demonstrat ion i s  shown i n  

Table 5.6. 

The e f f e c t s  of t h e  demonstrat ion ope ra t ions  on-s i te  suppor t  c o s t s  

a r e  examined i n  terms of t h e i r  impact on the  cos t - e f f ec t iveness  of the 

demonstrat ion p r o j e c t  or  t h e  s e r v i c e  con t r ac t .  Given t h e  fo l lowing  

c o s t s  a s s o c i a t e d  with t h i s  p r o j e c t ,  

N 1  = 300 drums, 

N 2  = 47 overpacks,  

cT = $30.72/drum o r  $ 4 / f t  , 
ct = $67.08Joverpack o r  $ 4 / f t  , 

3 

3 

= $29/drum, e, 
cP = $404.8Q/overpack, 

M = $13,000, 

t h e  minimum on- s i t e  d i s p o s a l  c o s t ,  d* ( $ / f t 3 > ,  under c u r r e n t  p r a c t i c e s  

which is requi red  t o  make t h i s  demonstrat ion a c o s t - e f f e c t i v e  opera- 

t i o n  is  c a l c u l a t e d  as  
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Table 5.6. Economic impl i ca t ions  of the combined volume 
reduc t ion  performance of supercompactton and packaging." 

T h i s  performance i s  w a s u r e d  by the  Ni/N2 r a t h .  
...... __ ....... ._I__ ......... ___._.____ - ....... ~ 

N i m b e s  of 
compact e d 
drums p e r  
overpack 
( N  / N ~ > ~  

3 

4 

5 

6 

7 

8 

9 

Tota l  o r  
average 

N u r n b e  r 
of To ta l  Packaging Packaging Packaging 

N2 N 1  ($/overpack)  ( $ / f t 3 I c  ($/drum) 
ove rpacks drums, C O S  t c o s t  cos t  

4 

3 

8 

8 

9 

10 

5 

47 

12 

12  

40 

48 

6 3  

80 

45 

300 

406.80 

404.80 

404.80 

404.80 

404.80 

404.80 

404.80 

18.04 

13.53 

10.82 

9.02 

7.73 

6.76 

6.01 

134 a 93 

101.20 

80.96 

67.47 

57.83 

50.60 

44 e 98 

404.80 8.26 64.42 

"The packagi-ng factor (unpackaged waste volume/packaged waste volume) 

bAverage ( N l / N 2 )  f o r  the  demonstrat ion = 300/47 = 6.38:l .  
CBased on uncompacted drums (7.68 ft 3/drum). 

f o r  t h i s  demonstrat ion is 2.28~1. 

The average packaging 
c o s t  for t he  demonstrat ion (300 drums) is  $8.26/ft3 of uncompacted waste. 
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* $40,725.60  1 f) '- $2,273 .77  7 

(1 f) 
d * >  - $17.91 

where 7.68 is the  volume ( f t 3 )  pe r  drum and 16.77 is t h e  volume ( f t 3 )  

p e r  overpack . 
The demonstrat ion ope ra t ions  on-s i te  suppor t ,  o r  i n t e r n a l ,  c o s t  was  

de f ined  as a f r a c t i o n  of t he  o v e r a l l  c o s t  f o r  t h e  demonstrat ion p r o j e c t .  

The i m p l i c a t i o n  f o r  DOE/ORO f a c i l i t i e s  i n  t h e  use  of supercompaction/ 

packaglng s e r v i c e  c o n t r a c t s  f o r  t h e  management of s o l i d  LLW is t h a t  

t h e  cos t - e f f ec t iveness  of t h e  operat2on can be inc reased  by (1 )  i nc reas -  

i n g  t h e  scale of t he  ope ra t ion ;  (2 )  i n c r e a s i n g  t h e  number of drums per  

overpack; and (3) dec reas ing  the  i n t e r n a l  cos t s .  

It should be noted t h a t  t h e  va lue  of c a r r y i n g  out  demonstrat ions 

o r  s e r v i c e  c o n t r a c t s  of t h i s  type is not measured i n  pure ly  economic 

terms. The sav ings  i n  d i s p o s a l  capac i ty  and the  ex tens ion  of the  use- 

f u l  l i f e  of t h e  cu r ren t  d i s p o s a l  sites is very c r i t i c a l  i n  main ta in ing  

c o n t i n u i t y  of ope ra t ions  on t h e  Oak Ridge Reservat ion.  

The e f f e c t s  of t h e  demonstrat ion ope ra t ions  on-s i te  suppor t ,  or 

i n t e r n a l ,  c o s t s  were examined i n  terns of t h e i r  p o t e n t l a l  impact on 

t h e  cos t - e f f ec t iveness  of the  s e r v i c e  c o n t r a c t .  These e f f e c t s  are 

shown f n  Fig. 5.5. 

The c u r r e n t  c o s t  of compactible s o l i d  LLW d i s p o s a l  i n  a s i l o  a t  

SWSA-6 is  i n  t h e  range of $25 t o  $45/ f t  . For t h i s  p r o j e c t  t o  be cos t -  

e f f e c t k v e  at a d i s p o s a l  c o s t  of $25 t o  $45/ f t  t h e  demonstrat ion opera- 

t i o n s  i n t e r n a l  c o s t  f r a c t i o n  should not exceed a value  of 0 .3  f o r  

$ 2 5 / f t 3  and 0.6 f o r  $45/ f t  Based on t h e  c o s t  elements presented  i n  

Table 4.1, it is p o s s i b l e  t o  main ta in  t h i s  f r a c t i o n  below t h e  maximum 

va lue  allowed for cos t - e f f ec t iveness .  It is a n t i c i p a t e d  t h a t  a ser- 

v i c e  c o n t r a c t  (nondemonstration) could provide these  b e n e f i t s  because 

most of t he  information-gather ing c o s t s  a s s o c i a t e d  wi th  a demonstra- 

t i o n  would be e l imina ted .  

3 

3 

3 
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200 
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20 

Fig .  5.5. E f f e c t  of the on-sit-e. suppor t  cos t  f r a c t i o n  on t h e  
minimum d i s p o s a l  c o s t  r equ i r ed  f o r  demonst ra t ion  cost . -effect iveness .  
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There are s e v e r a l  i n t e r n a l  c o s t s  a s s o c i a t e d  wi th  a demonst ra t ion  

t h a t  could be reduced or e l imina ted  du r ing  a s e r v i c e  c o n t r a c t .  Based 

on Table 4.1, t h e  f i x e d  c o s t s  t h a t  could be reduced dur ing  an on - s i t e  

s e r v i c e  c o n t r a c t  i nc lude  (1) p r e p a r a t i o n  of t h e  Statement of Work; ( 2 )  

QA, s a f e t y ,  and environmental  documentation; and ( 3 )  documentation of 

t h e  p r o j e c t .  

A s e r v i c e  c o n t r a c t  f o r  o f f - s i t e  o p e r a t i o n s  appears t o  be an attrac- 

t i v e  a l t e r n a t i v e  t o  on - s i t e  ope ra t ions .  Evalua t ion  of t h i s  a l t e r n a t i v e  

is  planned f o r  f u t u r e  demonstrations.  

5 . 4  CONCLUSIONS AND RECOKMENDATIOYS FROM THE SYSTEMS ANALYSIS 

The economic assessment f o r  thLs p r o j e c t  revea led  t h a t  t h e  cos t -  

e f f e c t i v e n e s s  of on-s i te  demonst ra t ions  is, a s  expected, very sen- 

s i t i v e  t o  t h e  demonstration ope ra t ions  on - s i t e  suppor t  , o r  i n t e r n a l ,  

c o s t s .  The c o s t - e f f e c t i v e n e s s  of t h i s  a l t e r n a t i v e  f o r  waste noanage- 

ment w i l l  improve dur ing  an on-s i te  s e r v i c e  c o n t r a c t  based on t h i s  

demonst ra t ion  p r o j e c t .  The c o s t - e f f e c t i v e n e s s  OE o f f - s i t e  demonstra- 

t i o n s  of supercompaction technology w i l l  be eva lua ted  as planned off - 
s i t e  demonstrations are performed. 

I n  most economic assessments of volume reduc t ion  technology, t h e  

d i s p o s a l  c o s t  is t h e  most commonly used parameter i n  t h e  e s t ab l i shmen t  

of t h e  c o s t - e f f e c t i v e n e s s  of volume reduct ion .  I n  an economic sense ,  

t h i s  c o s t  does not r ep resen t  t h e  economic va lue  of d i s p o s a l  capac i ty .  

For f u t u r e  economic assessments ,  an a l t e r n a t i v e  measure of t h e  eco- 

nomic va lue  of d i s p o s a l  capac i ty  is recommended. This new measure of 

economic va lue  f o r  d i s p o s a l  capac i ty  is de f ined  as t h e  d i s p o s a l  

c a p a c i t y  a s s e t  va lue  (DCAV), which is composed of t h e  fo l lowing  

elements:  

DCAV = d i s p o s a l  c o s t  + capac i ty  replacement + s t r a t e g i c  va lue  
a s s o c i a t e d  wi th  c o s t  o r  r e source  of d i s p o s a l  
waste management d e p l e t i o n  c o s t  c a p a c i t y  . 

The s t r a t e g i c  va lue  of d i s p o s a l  capac i ty  r e p r e s e n t s  t h e  asset value 

of d i s p o s a l  c a p a c i t y  t o  t h e  o r g a n i z a t i o n  i n  terms OF i ts  mission impact, 

t h e  a b i l i t y  of t h e  o r g a n i z a t i o n  t o  con t inue  o p e r a t i o n s ,  and t h e  a b i l i t y  

t o  grow and maln ta in  a compet i t ive  p o s i t i o n  i n  t h e  marketplace. The 



DCAV can be i n t e r p r e t e d  as t h e  p r i c e  the  waste gene ra to r  i s  w i l l i n g  

t o  pay t o  extend t h e  l i f e  of t h e  d i s p o s a l  sites. Q u a n t i f i c a t i o n  of 

t h e  DCAV prov ides  t h e  requi red  economic incen t ives  f o r  t h e  investments  

i n  volume reduct ion ,  waste reduct ion ,  waste r ecyc l ing ,  and resource  

recovery technologies .  



6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 EQUIPMENT IMPROVEMENTS 

Needed equipment improvements i d e n t i f i e d  dur ing  t h e  demonstration 

are summarized as fol.lows : 

1. An improved l i q u i d  c o l l e c t i o n  system around t h e  c l amshe l l ,  which 

enc loses  t h e  p i s t o n  dur ing  the cornpaction o p e r a t i o n ,  would e l i m i -  

n a t e  most of t h e  l i q u i d  c o l l e c t i o n  problems experienced wi th  t h e  

c o n f i g u r a t i o n  used dur ing  t h e  demonstration. 

2. A higher -capac i ty  i n t e r n a l  a i r  withdrawal system is needed t o  

provide  a d d i t i o n a l  a i r f l o w  dur ing  t h e  compaction process ,  

3 .  A f i e l d - e r e c t a b l e ,  vendor-supplied enc losu re  on the  o u t l e t  s i d e  

of t h e  compactor t r a i l e r  would s i g n i f i c a n t l y  reduce s i t e  suppor t  

c o s t s .  

4 .  Sol id  enc losu re  doors on t h e  Fnle t  and o u t l e t  s i d e s  of the  com- 

p a c t o r  t r a i l e r ,  as opposed t o  s e c t i o n a l  doors ,  would provide 

improved o p e r a b i l i t y .  

6.2 COST FACTORS 

Cost f a c t o r s  c o n t r i b u t i n g  t o  t h e  s i g n i f i c a n t  i n t e r n a l  suppor t  

c o s t s  f o r  t h i s  demonstration are summarized as fo l lows:  

1. Costs f o r  c o n s t r u c t i n g  an enc losu re  on t h e  o u t l e t  s i d e  of t h e  

compactor were s i g n i f i c a n t .  

2. The need f o r  a mobile motor-generator u n i t  t o  supply the  power 

f o r  t h e  o p e r a t i o n  of t h e  compactor system, and a fu l l - t ime  

a t t e n d a n t  t o  o p e r a t e  t h e  u n i t ,  added t o  s i te  suppor t  c o s t s .  

3 .  Extens ive  equipment downtime whi le  l i q u i d  r e l e a s e s  were being 

c leaned  up a f t e r  t h e  compaction of drums inc reased  s i te  suppor t  

c o s t s .  

6 . 3  CHARACTERISTICS OF WASTE DRUMS 

The c h a r a c t e r i s t i c s  of waste drums observed dur ing  t h e  demonstra- 

t i o n  which c o n t r i b u t e d  t o  compaction-related problems are summarized 

as fo l lows:  

5 1  
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