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SYNOPSIS OF MEETING ON ECONOMIC EVALUATION 

1 September 1981 

( $ 1 ~ 1 1 ~  

Newly Generated Waste - Values Based on RFP & INEL 

$3,300 To ta l  Cost f o r  P lac ing  Waste i n  WIPP. 

82,330 To ta l  Savings f o r  Not P l a c i n g  Waste i n  WIPP 

$260 Handl ing and Packaging; I nc l udes  Labor and 
M a t e r i a l  s 

$200 I n t e r i m  Storage; I nc l udes  Cost o f  Prepar ing  
Storage F a c i l i t y  and Emplacement 

$600 R e t r i e v a l ;  I nc l udes  Cost o f  R e t r i e v a l  S t r u c t -  
u re ,  Machinery,  and Labor 

$630 T ranspo r ta t i on :  RFP - INEL ($1 20) by ATMX 

INEL- WIPP ($510) by TRUPAC 

$640 F i n a l  WIPP Storage: I nc l udes  Labor,  Operat ing 
Cost,  S u r v e i l l a n c e  



This study evaluates the econo~nics o f  volume reduc t i on  o f  r e t r i e v a b l y  

s to red  and newly generated DOE t r ansu ran i c  waste by comparing the cos ts  o f  

reduc t i on  o f  the waste w i t h  the  savings poss ib le  i n  t r a n s p o r t a t i o n  and 

d isposal  o f  the  waste. The r e p o r t  develops a  general approach t o  the  

comparison o f  TRU waste volume reduc t i on  cos ts  and c o s t  savings, es tab-  

1  ishes  an i n i t i a l  s e t  o f  c o s t  data, and develops conclus ions t o  support  

se l  e c t i  ng techno1 ogies and f a c i l  i t i e s  f o r  t h e  d isposal  o f  DOE t r ansu ran i  c  

waste. 

Sec t ion  I o u t l i n e s  the ana lys i s  which considers seven types o f  volume 

reduc t i on  from i n c i n e r a t i o n  and compaction o f  cornbustibl es t o  compaction, 

s i z e  reduct ion ,  shredding, me1 t i ng ,  and decontaminat ion o f  metal s. The 

study considers the  volume reduc t i on  o f  contact-handled newly generated, 

and r e t r i e v a b l y  s to red  DOE t r ansu ran i c  waste. Sect ion I 1  of t h i s  r e p o r t  

descr ibes the  a n a l y t i c a l  approach, assumptions, and f l ow  o f  waste m a t e r i a l  

through s i t e s .  Sect ion 1 1 1  presents t h e  waste i nven to r i es ,  d isposal ,  and 

t r a n s p o r t a t i o n  savings w i t h  volume reduc t i on  and the  volume r e d u c t i o n  

techniques and savings. 

Sec t ion  IV conta ins  the  resu l  t s  and conc lus ions  o f  t he  study. The 

f o l l  owing summarizes the  major conclus ions drawn from the study. 

1) For a  s i t e  w i t h  a  small amount o f  waste r e q u i r i n g  d isposal  ( l e s s  

than 1000 the c o s t  o f  volume r e d u c t i o n  i s  greateF""-than 

the  t r a n s p o r t a t i o n  and d isposal  savings from v o l  ume reduct ion .  

A l l  s i t e s  except INEL f a l l  i n t o  t h i s  category.  

2 )  For INEL i n c i n e r a t i o n  and metal shredding come c l o s e s t  t o  be ing  

c o s t - e f f e c t i v e ,  p rov ided a  f a c i l i t y  i s  t o  be cons t ruc ted  as a  

consequence o f  repackaging the  f r a c t i o n  o f  s to red  waste which may 

r e q u i r e  repackaging and immob i l i z i ng  chemical process waste t o  

meet WIPP c r i t e r i a .  I n  a d d i t i o n ,  no c o s t l y  changes t o  t h e  

f a c i l  i t y  must be r e q u i r e d  o t h e r  than the  a d d i t i o n a l  f l o o r  space 

t o  add the  volume reduc t i on  processes. 
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I NTROOUCTION 

1.1 Background 

This t o p i c a l  r e p o r t  i s  an economic eva lua t i on  comparing the cos ts  o f  

volume reduc t i on  o f  s to red  and newly generated DOE t ransuran ic  waste w i t h  

the savings poss ib le  i n  t r a n s p o r t a t i o n  and d isposal  o f  the waste. The 

study i s  in tended t o  p rov ide  i n f o r m a t i o n  t o  he lp  determine the s t ra tegy ,  

technology devel pment, and f a c i l i t y  p lans f o r  t h e  d isposal  o f  DOE TRU waste 

i n  t he  WIPP f a c i l i t y .  

Th i s  study was perfosmed i n  support  o f  the Transuranic Waste Nanage- 

ment Program. The program i s  t o  p rov ide  technology f o r  management o f  TRU 

waste from the  p o i n t  o f  generat ion through readiness f o r  d e l i v e r y  t o  a 

permanent repos i to ry .  P a r t  o f  t he  program inc ludes  a system a n a l y s i s  

e f f o r t  t o  p rov ide  comprehensive, systemat ic  method01 ogy and support  t o  

understand the  op t ions  f o r  n a t i o n a l  long- term management o f  TRU waste. The 

a n a l y s i s  e f f o r t  supports two program r e s p o n s i b i l i t i e s  which i n c l u d e  i d e n t i -  

. f y i n g  and i n t e g r a t i n g  techn ica l  issues' i n t o  a na t i ona l  program s t r a t e g y  and 

p r o v i d i n g  c o s t l b e n e f i  t ana lys i s  f o r  a1 t e r n a t e  s t ra teg ies ,  techno1 ogies,  and 

f a c i l i t y  plans. 

1.2 Approach 

This s tudy develops a general,  parametr ic  approach t o  the  economic 

comparison o f  TRU waste volume r e d u c t i o n  cos ts  and c o s t  savings, estab- 

l i s h e s  an i n i t i a l  s e t  o f  c o s t  data, and develops conclus ions t o  suppor t  

s e l e c t i n g  techno log ies  and f a c i l  i t i e s  f o r  the  d isposal  o f  DOE t ransu ran ic  

waste. The study develops i n s i g h t  t o  waste d isposal  economics by 

e v a l u a t i n g  the  f o l  1  owi ng: 

1) Th,e savings associated w i t h  reduc ing  the volume o f  t ransu ran i cs  

r e q u i r i n g  t r a n s p o r t a t i o n  and d isposa l .  

2)  The volume reduc t i on  techniques appl i c a b l e  t o  TRU waste. 

3 )  The c a p i t a l  and ope ra t i ng  c o s t  o f  each technique. 



METHOD OF ANALYSIS 

2 ..1 Descri phi  on 

The ana lys i s  evaluates c o s t  savings from volume reduc t i on  f o r  two 

areas: reduced f u l l  ope ra t i on  t ime f o r  waste d isposal  a t  WIPP and more 

e f f i c i e n t  waste t r a n s p o r t a t i o n  (h ighe r  r a t i o  o f  waste t o  con ta ine r  ton- 

nage). Salanced aga ins t  these poss ib le  savings i s  the  c o s t  o f  volume 

reducing the  TRU waste. Ttie study considers the  incremental c o s t  o f  volume 

reduct ion ,  t h a t  i s ,  the  c o s t  t o  i n s t a l l  and operate the technique by adding 

f loorspace,  equipment, and personnel t o  a f a c i l i t y  which i s  t o  be 

cons t ruc ted  and operated as a consequence o f  repackaging the  f r a c t i o n  of 

s to red  waste which may r e q u i r e  repackaging and immob i l i z i ng  chemical 

process waste t o  meet WIPP c r i t e r i a .  The f o l l o w i n g  p o s s i b l e  volume 

reduc t i on  techniques are  addressed i n  the  r e p o r t .  

1 ) I n c i n e r a t i o n  of Combustibles 

2 )  Compaction o f  Combustibles 

3 )  Compaction o f  Metal s 

4 )  Size  Reduction o f  H e t a l s  

5 )  Metal Shredding 

6 )  Metal  Me1 ti ng 

7 )  Metal Decontaminat ion 

Only the  volume reduc t i on  and d isposa l  o f  t he  contact-handled, newly 

generated and r e t r i e v a b l y  s to red  DOE t ransu ran i cs  waste are  considered. 

The management o f  b u r i e d  T2U waste i s  ou ts ide  the  scope o f  t h i s  study. 

The study cons ide rs  on ly  newly generated and s to red  waste. 



.2.2 Assumptions 

The f o l l o w i n g  assumptions 1 i m i t  the ana lys i s ,  b u t  s t i l l  a l . 1 0 ~  t h e  

o b j e c t i v e s  o f  the  study t o  be f u l l y  met. F i r s t ,  the  s i t e s  used i n  the 

study are  1 i sted be1 ow: 

1) Hanford S i t e  

2)  Savannah R ive r  P l a n t  (SR) 

3 )  Los A1 amos Nat ional  Laboratory (LAEIL) 

4 )  Idaho Nat iona l  Engineer ing Laboratory ( INEL) 

5 Rocky F l a t s  P l a n t  (RF) 

Second, waste management opera t ions  i n  t h i s  ana lys i s  s t a r t  i n  1990. 

Repos i to ry  c o n s t r u c t i o n  i s  complete i n  1988 w i t h  equ iva len t  f u l l  l e v e l  o f  

ope ra t i on  begun i n  1990. Processing f a c i l i t i e s  a re  s t a r t e d  as necessary t o  

ma in ta in  f u l l  l e v e l  o f  d isposal  opera t ions  u n t i l  the  s to red  waste i s  worked 

o f f .  Thi rd,  the waste i s  d i v i d e d  i n t o  o n l y  t h ree  general ca tegor ies ;  

combust ib les,  metal s, and chemical process wastes ( s l  udges) . It i s  assumed 

t h a t  combust ibles and metal s  w i l l  meet WIPP acceptance c r i t e r i a  w i t h o u t  

processing. Chemical process waste w i l l  r e q u i r e  immob i l i za t i on  f o r  

acceptance. 

2.3 Material F low a t  a S i t e  

The f l o w  o f  ma te r i a l  through a DOE f a c i l i t y  i s  shown i n  F igures 1-3. 

Three genera l i zed cases a re  considered: 

1 )  No volume reduct ion.  

2)  Volume reduc t i on  o f  combust ibles. 

3 )  Volume reduc t i on  o f  metals.  

F i g u r e  1 shows the  minimum hand l ing  r e q u i r e d  a t  a s i t e  w i t h  s to red  waste. 

F igures  2 and 3 show the  increased handing from volume reduct ion.  Major  

r e t r i e v a l  s i t e s  w i l l  r e q u i r e  a f a c i l i t y  f o r  some o f  the  s to red  waste. 



M a t e r i a l  Flow With No Volume Reduct ion 

FIGURE 2 
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FIGURE 3 

M a t e r i a l  Flow - Volume Reduct ion o f  Meta ls  
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DATA 

3.1 Waste Inventories 

Tables 1 and 2 give the waste inventories used in t h i s  study.' The 

t ab l e s  present projected inventories in cubic meters w i t h  new waste genera- 

t ion given in cubic meters per year. Estimates of re t r ievably  stored waste 

f o r  dates  other  than 1990 are  made by l i nea r  extrapolation of newly gener- 

ated waste r a t e s ,  assuming cur ren t  interim waste management p rac t ices  

continue un t i l  processing and disposal begins. Beginning i n  1983 for  Rocky 

F l a t s  and i n  1985 for  other s i t e s ,  i t  i s  assumed t h a t  as  much waste a s  

poss ible  wil l  be packaged to  meet NIP? acceptance c r i t e r i a  (WIPP c e r t i f i e d )  

and will  be stored separately from other  re t r i evab ly  s tored waste. The 

amount of waste immediately ready f o r  WIPP in 1990 i s  assumed t o  be 5 years  

of average new generation fo r  a l l  s i t e s .  Current interim pract ices  a r e  

discontinued and waste t r ans f e r s  made according to the scenario under 

consideration when processing and disposal begin. The newly generated 

waste r a t e s  given in Table 2 continue through the work-off period. 

TABLE 1 

Contact-Hand1 ed Stored TRU Wastes ( rn3 1 l S 2  
(1990) 

Chem 
Metal s Process Combustibles Other Total 

Hanford 4,500(900) 600( 100) 11,100(2200) ZOO(50) 15,400(3250) 

S R 1,900(550) - - 3,400(950) - - 5,300(1500) 

LANL 3,800(750) 3,800(1400) 1,000(250) - - 8,600(2400) 

Total volume (WIPP c e r t i f i e d  volume). 

Assumes no volume reduction; WIPP c e r t i f i e d  waste assumes 5 years  average 
new generation fo r  a l l  s i t e s .  



TABLE 2 

Contact-Hand1 ed New Waste Generation ( m 3  / v r )  

Chem 
Metal s Process Combustibles Other Total 

Hanford 180 

sz  110 

LANL 150 280 50 - - 480 

ZFP 470 270 930 130 1,800 

TOTAL 910 570 1,613 140 3,230 

3.2 Waste Disposal Savings 

Currently i t  i s  planned to place the re t r ievably  stored DOE TRU waste 

a t  INEL and a l l  .newly generated TRU waste beginning about 1990 in the  Yaste 

Isola t ion P i l o t  Plant  (WIPP). Stored waste a t  o ther  s i t e s  may be placed in  

UIPP a1 though no decision has been made t o  do so. The benchmark design " 

capacity (170,000 m3 ) i s  adequate fo r  these wastes fo r  NPP. Cost given 

below a r e  based on reference 2. 

Yearly waste hand1 ing capacity w i t h  one-shi f t  operation i s  14,200 m3 / 
year. Waste disposal during the period of stored waste work-off would not 

require  more than one-shift  operation. Operating and maintenance cos t s  a t  

t h i s  r a t e  a re  approximately 29 mill ion 1981 do l la r s  per year.  This study 

assumes t h a t  r e t r i e v a l ,  processing, and shipping a t  the various DOE s i t e s  

will be coordinated to  keep WIPP a t  f u l l  one-shift  capacity unt i l  the  

s tored-waste  i s  worked of f .  A t  the end of t h i s  period i t  i s  assumed WIPP 

will continue to  receive newly generated waste and operate a t  a reduced 

leve l .  Cost savings fron volume reduction a r e  then calcula ted fron opera- 

t ions '  co s t  saved by working off stored waste sooner. Operating and mainte- 

nance cos t  to  handle only the newly generated waste (-3,500 m3/year) i s  

$22 mil 1 ion per year. 



Waste d isposal  savings f o r  each cubic meter n o t  emplaced i n  WIPP i s  

found by s u b t r a c t i n g  the y e a r l y  ope ra t i ng  c o s t  a t '  the  reduced (newly gener- 

a ted  waste on l y )  l e v e l  from the y e a r l y  ope ra t i ng  c o s t  a t  the f u l l  o n e - s h i f t  

l e v e l  and d i v i d i n g  t h i s  by the y e a r l y  s torage volume a t  the  f u l l  o n e - s h i f t  

l e v e l .  Cost savings per  cub ic  meter n o t  ernplaced i n  WIPP i s  found t o  be 

9500/m3 ($14 / f t 3  I .  For each of t he  vo l  utne reduc t i on  processes g iven i n  

sec t i on  3.4, the  c o s t  savings per  cubic meter o f  unprocessed waste i s  g iven 

by the  equat ion: 

Cost per  m3 unprocessed waste = ( 1  - K) x Cost per  m3 n o t  emplaced 

where i( = the  f r a c t i o n  o f  waste voluine remain ing a f t e r  volume reduc t i on  and 

immobi l i za t ion .  Table 3 g ives the  c o s t  savings per  cub ic  meter o f  

unprocessed waste f o r  each o f  the  processes. 

TABLE 3 

Waste Disposal  Savings f o r  Each Reduct ion ~ r o c e s s '  

S i  ze Metal ?-le t a l  Metal  
I n c i n e r -  Compac- Reduc- Shred- Me1 t- Decon- 
a t i o n  t i o n  t i o n  d i n g  i ng tami n a t i o n  

Savings 4 80 160 250 400 4 50 420 

' Savi rigs i n  do1 1 ars/m3 .of unprocessed was l;t! 

3.3 T ranspor ta t i on  Savings 

T ranspor ta t i on  o f  DOE t ransuran ic  waste t o  ! i IPP i s  expected t o  r e q u i r e  

a Class B t ype  o f  sh ipp ing  conta iner .  The T ranspor ta t i on  Technology Center 

(TTC) a t  Sandia Labora tor ies  i n  A1 buquerque i s  developing p r e l  im ina ry  

designs f o r  these con ta ine rs  ( c u r r e n t l y  r e f e r r e d  t o  as a TRUPACT). Two 

designs a re  considered i n  t h i s  study; the  i n i t i a l  TRUPACT design which i s  

most economical i f  the  w a s t e  i s  packaged i n  drms Qr s ized  packages 



( 3 '  x 4 '  x 6 ' )  and a mod i f i ed  TRUPACT design which i s  heav ier  and l a r g e r ,  

b u t  i s  the  bes t  compromise f o r  sh ipp ing  s to red  waste w i t h o u t  repackaging. 

Table 4 g ives  the d e s c r i p t i o n  o f  each type o f  conta iner .  

TABLE 4 

Waste Conta iner  Design D e s c r i p t i o n  

C a v i t y  

I n i t i a l  TRUPACT Modi f i ed TRUPACT 

29.7 m3 3.2.3 m3 

Empty Weight 12 tons 17 tons 

Pay1 oad ~i m i  t' 21 tons 18 tons 

Waste Volume ( X  Loading) 

Wi th Sized Conta iners 22.4 m3 
( 3 '  x 4 '  x 6') (75% 

With 8 six-packs2 10.2 m3 
(48 drunk) (35%) 

I d i  t h  4 Six-packs Too Large 
and 4 RFP Boxes 
( 4 '  x 4 '  x 7 ' )  

l When shipped by r a i l .  

S i x  5 ~ - ~ a l l o n  drurns he ld  as a s i n g l e  u n i t  by a frame. 

The f o l l o w i n g  assumptions a r e  made i n  c a l c u l a t i n g  the  savings from 

waste v o l  ume reduc t i on  due t o  t r a n s p o r t a t i o n .  

1) Consider on l y  r a i l  t r a n s p o r t a t i o n  o f  waste. 

2) Shipping c o s t  by r a i l  i s  11 cents/ ton/mi le,  i n c l u d i n g  10% f o r  

c a p i t a l  c o s t  f o r  the  waste package. This  i s  t he  approximate 

c u r r e n t  TRU waste shipment cos t .  

3 )  For newly generated waste use the  i n i t i a l  TRUPACT design. 



4 )  F o r  s t o r e d  waste use rnodi f i .ed TRUPACT f o r  unprocessed waste and 

t h e  i n i t i a l  TRUPACT f o r  volume reduced waste. 

5 )  S to red  metal  s a re  assumed sh ipped w i t h  i~nmob i l  i z e d  sludges. 

6 )  Combust ib les a re  assumed sh ipped on t h e i r  own. 

Tables 5 and 6 p resen t  t h e  waste d e s c r i p t i o n  and packaging 

d e s c r i p t i o n ,  r e s p e c t i v e l y ,  used i n  t h e  study.' Packaging c o s t s  f o r  new 

packaging o r  overpacks average $175/m3 and a r e  added t o  sh ipp ing  c o s t  g i v e n  

i n  t h e  tab1 es.. 

TABLE 5 

Unorocessed Waste D e s c r i ~ t i o n  

Meta l  s 

Combust ib les 

S l  udges 

0ens i  tyl Packaging 

26 1 b / f t 3  ( .46 ton/m3 ) RFP boxes 

22 1 b / f t 3  ( .39 ton/m3 ) 50% drums 
502 boxes 

68 1 b / f t 3  (1.20 ton/m3 ) 100% drums 

I n c l u d i n g  o r i g i n a l  con ta ine rs ,  add 12% f o r  wood box overpack and/or  drum 
b rac ing .  



TABLE 6  

Waste Packaqe D e s c r i ~ t i o n  

Conta iner  

RFP Box 

Conta iner  
Size - volume ( f t 3 )  rtleight ( l b )  Cost ( $ 1  

5  5-Gal 1 on Drum - - 7.4 55 2  5  

TZUPACT Conta iner  3 '  x  4 '  x  6 '  7.2 325 400 

Six-pack Brac ing  3 '  x 4 '  x 6 '  - - 2QO 45 

The sh ipp ing  c o s t  f o r  each cub ic  meter o f  waste shipped equals the  

product  o f  t he  number o f  con ta ine rs  shipped per  yea r  t imes the  weight  o f  

the waste p l u s  tw i ce  the  con ta ine r  weight  t imes the  one-way sh ipp ing  

d i s tance  t imes the  sh ipp ing  r a t e  d i v i d e d  by the  volume o f  waste shipped per  

year .  This  reduces t o  the f o l l o w i n g  equat ion.  

Shipping ~ o s t l m ~  - - One-way d is tance x r a t e  x (waste dens i t y  + 2 x  
o f  Waste Shipped con ta ine r  we igh t /conta iner  waste volume) 

For unprocessed waste the sh ipp ing  c o s t  per  m3 o f  waste r e t r i e v e d  o r  

generated equals the  sh ipp ing  c o s t  per  m3 o f  waste shipped. For each 

process which volume reduces waste, the  sh ipp ing  c o s t  per  m3 o f  waste 

r e t r i e v e d  o r  generated equals the  sh ipp ing  c o s t  per  m3 o f  waste shipped 

t imes K. Where K equals the  f r a c t i o n  o f  the  unprocessed volume remain ing 

a f t e r  reduc t i on  and immobi l i za t ion .  The c o s t  savings per  m3 o f  waste 

s to red  o r  generated equals the  unprocessed c o s t  minus the  processed cos t .  

Unprocessed waste sh ipp ing  cos ts  from var ious  s i t e s  are  g iven i n  Table 7. 

Costs a re  g iven i n  1981 d o l l a r s  per  cub ic  meter s to red  o r  generated. 

Processed waste sh ipp ing  c o s t  from var ious  s i t e s  i s  g iven i n  Table 8. 

Shipping c o s t  savings from volume r e d u c t i o n  i s  summarized i n  Table 9. 



TABLE 7  

Unprocessed Waste Shipp.ing Costs f rom Var ious  S i t e s  

Newly Generated S to red  Waste 
Combust ib les 

Me ta l s  Combust ib les Meta l  s  Drunis & Boxes Drums Only 

Conta iner  wei g h t  ( t o n s )  12 12 1 2 l  17 12 

Conta iner  waste v o l  u~ne (m3 22.4 22.4 12.7' 17.8 10.2 

Waste dens i  ty (~on /mn~ )2 .46 .39 .52 .44 .44 

Cos t / m i  1  elm3 .17 .16 .26 .26 .31 

Avg. .28 

c o s t / d  ( con ta ine r ,  overpack, o r  
W 
I b r a c i n g  c o s t ]  
V 

' F r a c t i o n  o f T o n t a i n e r  p ropo r t i oned  t o  boxes w i t h  meta l ,  r e s t  assumed t o  be chemical process waste i n 
drums. 

' Inc ludes  overpack and/or b rac ing .  

F i f t y  pe rcen t  boxes a t  $175/n3, 50% druins a t  $35/m3 f o r  brac ing.  



TABLE 8 

Processed Waste Shipping Costs from Various S i t e s  

Compaction Conipaction Size  Metal Metal Metal 
Inc ine ra t ion  Combusti bl e s  Metal s Reduction Shredding Me1 t i n g  Decontamination 

Conta iner  weight 
( t o n s )  12 12 12 12 12 12 12 

Container waste 
vol ume (in3 1 7. o2 22.4 22.4 19.12 8. l2 3. g2 1 5 . 0 ~  

Waste degsli t y  
(ton/m 1 2.7 .60 .81 1.1 2.6 5.4 1.4 

Cos t/mi 1 e/m3 
W 
I 
03 cos t / ?  ( c o n t a i n e r  and 

bracing cost13 

Hanford 55 ( 6 )  280 (120) 320 (120) 300 (88) 300 (53)  300 (18) 130 (30)  
S R 36 ( 6 )  180 (120) 210 (120) 195 (88)  195 (53) 195 (18)  84 (30)  
LANL 12 ( 6 )  58 (120) 67 (120) 62 (88)  62 (53)  62 (18)  27 (30)  
INEL 42 ( 6 )  210 (120) 245 (120) 230 (88)  230 (53)  230 (18)  98 (30)  
R F 17 ( 6 )  84 (120) 98 (120) 91 (88) 91 (53)  91 (18)  39 (30)  

' lnc l  udes con ta ine r s .  

Weight l i m i t e d  a t  0.91 t o n s h 3  = 21 tons  in  22.4 m3.  

K x $1751m3. 



TABLE 9 

S h i ~ ~ i n q  Cost  Savinss a t  Var ious  S i t e s  ($/m31 

Compaction Compaction Size Metal  Metal  Meta l  
S i t e  I n c i n e r a t i c m  Combust ib les Meta ls  Reduct ion Shredding Me1 ti ng Decontaminat ion 

~ e w l y  ~ e n e r a t e d  Waste 

tian f o r d  
S  R 
LANL 
I NEL 
RF 

S t o r e d  Waste 

tian f o r d  680 345 335 390 425 460 615 

W 
S R 480 225 235 280 31  5 3 50 450 

I 
'a LANL 220 57 110 145 180 215 240 

I NEL 550 265 270 320 355 390 510 



3.4 Vol ume Reduct ion Techniques 

There are several volume reduc t i on  processes which cou ld  be app l i ed  t o  

TRU wastes. These processes f i t  i n  t he  broad ca tegor ies  o f  i n c i n e r a t i o n ,  

s i z e  reduct ion ,  compaction, me1 ti ng, and decontamination. These are  a1 1 

post-generat ion waste treatments; p re-genera t ion  t reatments are  be ing  

addressed under a separate task o f  t he  TRU Waste Management Program. This 

document addresses volume reduc t i on  techniques t o  be used a t  a TZU waste 

t reatment  f a c i l i t y ,  and deals w i t h  contact-handled waste from the  major 

source 1 ocat ions .  

Cost  est imates f o r  these processes a r e  based on a s to red  waste 

f a c i l i t y  and a f a c i l i t y  f o r  newly generated wastes s i zed  t o  t r e a t  t he  waste 

streams given i n  Table 10. D e t a i l s  of these estimates a re  g iven i n  

Appendix A. These are  y e a r l y  processing r a t e s  f o r  wastes a t  INEL and RFP 

r e s p e c t i v e l y .  These s i t e s  are  used t o  demonstrate the  c o s t  e f f e c t i v e n e s s  

o f  v o l  ume reduct ion .  

TABLE 10 

Waste Processing Rates f o r  Cost  Est imates 

Waste Type 

Combusti b l  es 

Metal s  

Chemi.ca1 Process Wastes 

Large r a c i l  i ty 
(m / y r )  

Small f a c i l i t y  
(m / y r )  

93 0 

A l l  c o s t  est imates i n  t h i s  s e c t i o n  a re  g iven i n  cons tant  1981 

d o l l a r s .  Cap i ta l  cos ts  a re  assigned t o  a cub ic  meter o f  waste based on a 

15-year f a c i l i t y  l i f e t i m e .  A l l  cos ts  a re  incremental  cos ts ,  t h a t  i s ,  t he  

c o s t  t o  add the  f l o o r  space and equipment t o  a f a c i l i t y  which must be b u i l t  

anyway o r  t o  a f a c i l i t y  which a l ready  e x i s t s .  Cost est imates i n  t h i s  s tudy  



assume that  the type of f a c i l i t y  which i s  required to repackage the 

fraction of stored waste which may require repackaging and to immobil ize 

chemical process waste to. meet WIPP c r i t e r i a  woul d only need additional 

floor space to  add the volume reduction f a c i l i t i e s  discussed in th i s  

section. If a more compl icated ( i  .e . ,  more containment) fac i l  i t y  i s  

required, then the incremental cost  estimates would be larger.  The 
estimates assume a minimum of remote handling of waste. 

I n i t i a l  waste densi t ies  given in the material flow diagrams i n  t h i s  

section are the packaged densi t ies  i n  stored waste and represent roughly a 
2 to 1 reduction over "loose" density. Newly generated waste i s  assumed to  

be packed as i t  i s  generated to t h i s  density before volume reduction. 
Reduction factors  in the diagrams represent reduction from t h i s  packaged 

density . 

3.4.1 Incineration of Combustibles 

The term "incineration" i s  used to  describe several processes which 
e f f e c t  a vol ume reduction by chemical oxidation. Therefore, incineration 
processes i ncl ude wet and pyrochemical processes. A s igni f icant  amount of 

the TRU waste i s  converted to  nonradioactive gases and released to  the 
atmosphere. An incineration process for  TRU waste treatment will reduce 
both weight and volume. Typical volume reductions are  20:l to 40:l 

(95-98%). 

The Rocky Flats Fluid Bed Incinerator i s  used as a basis for  calcula- 

t ions.  The assumed volume reduction i s  20: 1 and weight reduction i s  10:l 
with ash and secondary waste streams. A generalized material flow diagram 

i s  shown i n  Figure 4 for  an unprocessed combustible waste input of 1.0 m3.  
Immobilization i s  included i n  the incineration block diagram, since i t  i s  
expected tha t  ash and secondary waste streams must be immobilized to  be 

emplaced i n  WIPP. I t  i s  assumed tha t  cements with 40% by weight waste 

loading will meet !4IPP acceptance c r i t e r i a .  Final density of t h i s  waste 

form i s  140 1b/ft3 or 2.2 metric tons/m3. 



FIGURE 4 

Water ia l  Flow - I n c i n e r a t i o n  

1.0 m3 
I n c i n e r a t e  

.33 mT 

Ash and .050 m3 
secondary 
wastes .033 mT 

.037 m3 

Cemen t .082 mT 

F i n a l  waste dens i t y  = 2.2 m ~ / m ~  

3.4.2 ~ o m ~ a c t i o "  o f  Combustibles and Metals 

The compaction process cons idered i s  a h y d r a u l i c  o r  a i r  operated ram 

which fo rces  bu lk  waste i n t o  i t s  f i n a l  conta iner .  Volume reduct ions  u s i n g  

t h i s  method are  about 30-35%, a l though reduct ions  o f  over  80% have been 

demonstrated w i t h  HEPA f i l t e r s .  A va lue o f  32% volume reduc t ion  i s  used i n  

t h i s  ana lys is .  The same type o f  equipment i s  envis ioned f o r  bo th  combus- 

t i b l e s  and metals. The mate r ia l  f l o w  diagrams are  g iven i ,n Figures ,5 

and 6. 

FIGURE 5 

M a t e r i a l  Flow - Combustible Compaction 

Compact 
. 33  mT - 3 3  mT 

F ina l  waste dens i t y  = 0.49 m ~ / m ~  



FIGURE 6 

Material Flow - Metal Compaction 

1.0 m3 r[ ::; I; 
Compact 

.44 mT 

Final waste density = 0.65 m ~ / m ~  

3.4.3 Si.ze Reduction of Metals 

There a r e  several methods of s i z e  reduction i n  use in the  nuclear 
industry. Sawing and torch cu t t ing  a r e  the  most common s i z e  reduction 
techniques. The process cons i s t s  of separat ing pieces of metal from each 
o ther  by removing a narrow kerf of material between the  two. Equipment 

used fo r  t h i s  operation includes, b u t  i s  not  l imi ted to,  hand hacksaws, 

power hacksaws, handsaws, oxyacetylene torches,  and plasma arc  torches.  
The volume reduction accompl ished by t h i s  technique i s  about 50% on bulky 
items. Material flow is given in Figure 7. 

FIGURE 7 

Material Flow - . S i z e  Reduction 

Reduction 
.44 mT ..44 mT 

Final waste density = 0.88 r n ~ / m ~  



3.4.4 Metal ,shredding 

The cut t ing or shearing processes can be used for  a wide variety of 

materials found i n  current and stored TRU wastes. tdost shredding equipment 

uses the same type of action as a reel lawn mower; tha t  i s ,  the material to  
be processed i s  fed between two se t s  of blades; one blade (usually called 

the anvi l )  i s  s ta t ionary,  and the moving blade i s  one of several mounted on 

a rotating drum or axle. This process i s  expected to reduce the bulk 

volume of TRU waste metals by about 801. The material flow i s  given i n  

Figure 8.  

FIGURE 8 

Material Flow - Metal Shredding 
-- 

Shredding 
.44 mT .44 mT 

Final waste density = 2.2 r n ~ / m '  

3.4.5 Metal Melting 

This process as applied to  TRU wastes i s  a consolidation of metal 

waste into buttons or ' ingots .by melting and pourfng. Electr ic  melters are  

wide1.y used i n  the nuclear indus-try. The e l e c t r i c  me7 ting furnaces can b e .  

o f  the resistance, induction, or  arc types. For the amount of waste 
consi.dered, the arc furnace i s  probably the best choice. For t h i s  analysis 

a volume reduction of 90% i,s assumed. Material f.low i s  shown in Figure 9. 

FIGURE 9 

Material Flow - Metal Me1 t i  n q  

Final waste detisi ty = 4.4 n~/m' 

3-14 



3.4.6 Metal Decontamination 

Metal can be decontaminated by se'veral methods, including washing., 
leaching, vibratory finishing, chemical mill-ing, .and electropolishing. 

Most 'of these methods remove the contamination by .removing a thin layer of 
the metal surface by mechanical or chemical action. The contamination and 

removed metal are carried away as  sludge by the cleaning solution. 

The purpose of decontamination i s  t o  reduce costs  by removing metal to 
a low-level waste stream for shallow land burial .  In most cases about 70% 

of the original metal waste can be removed from the TRU waste category. 
This analysis assumes that  the remaining metal goes to WIPP. A side waste 

stream of TRU sludge i s  generated which i s  assumed to be about 4% of the 
incoming waste volume. This stream i s  immobilized before shipment to 

WIPP. Material flow i s  given i n  Figure 10. 

3.4.7 Summary- of costs  for Volume Reduction 

Table 11 summarizes costs for  each of the volume reduction techniques 
discussed i n  t h i s  document. All costs  are  given in 1981 dol lars  per cubic 

meter of unprocessed waste. For each process, two estimates are given. 

The f i r s t  estimate i s  for processes of the approximate s ize to  volume 

reduce metals or  combustibles retrievably stored a t  INEL (10-year work-off 
period). The second i s  for processes of the approximate s ize to  volume 

reduce wastes newly generated a t  RFP. Details of cos t  estimates for  each 

process i s  given i n  Appendix A. 



FIGURE 10 

M a t e r i a l  Flow - 'Metal Decontaminat ion 

I Metal  1 .35 m3 Low Le.vel 

lOecontaminat ion 1- .31 mT Waste 

S1 udge 

F i n a l  waste d e n s i t y  = 1.1 m ~ / m ~  



TABLE 11 

Costs for  Volume Reduction of TRU waste1 

Compaction Compaction Si ze Metal Metal i4e ta 1 
Incineration Combustibles Metal s Reduction Shredding Me1 t ing ~econtaminat ion~ 

Processi rig Stored 
Waste ( I N E L )  1,300 830 860 1,000 800 2,200 1,600 

Processi,ng . Newly 
Generated Waste (RFP)  1,900 1,200 1,600 1,900 1,500 4,000 2,900 

l Costs are given in 1981 dollars per cubic meter of unprocessed waste. 
L;' Includes s ize reduction costs. 
w 



RESULTS AND CONCLUSIONS 

Conclusions i n  t h i s  study are  based on rep resen ta t i ve  cos ts  and 

savings comparisons a t  a DOE s to red  waste s i t e  and a new waste generat ion 

s i t e .  Costs f o r  processes are  based on equipment and s t a f f  s i zed  t o  t r e a t  

t h e  waste streams given i n  s e c t i o n  3.4. These a r e  approximate p r o j e c t e d  

y e a r l y  processing r a t e s  fo r  waste a t  INEL and RFP respec t i ve l y .  These 

s i t e s  a r e  used t o  demonstrate the  c o s t  e f f e c t i v e n e s s  o f  volume reduct ion.  

Table 12 compares processing cos ts  aga ins t  d isposa l  and t r a n s p o r t a t i o n  c o s t  

savings f o r  volume reduc t i on  a t  these s i t e s  and subsequent t r a n s p o r t a t i o n  

t o  WIPP. Costs a re  given i n  1981 d o l l a r s  per  cub ic  meter. The f o l l o w i n g  

conc lus ions  a re  drawn from the  tab le .  

1) F o r  a s i t e  w i t h  a small amount o f  waste r e q u i r i n g  d isposal  ( l e s s  

than 1000 m3/year) the  c o s t  o f  volume r e d u c t i o n  i s  g rea te r  than 

t h e  t r a n s p o r t a t i o n  and d isposa l  savings from volume reduct ion.  

A l l  s i t e s  except INEL f a l l  i n t o  t h i s  category.  

2) Fo r  INEL i n c i n e r a t i o n  and metal shredding come c l o s e s t  t o  be ing  

c o s t - e f f e c t i v e ,  prov ided a f a c i l i t y  t o  repackage the  f r a c t i o n  o f  

s to red  waste which may r e q u i r e  repackaging and t o  immobi l ize 

chemical process waste t o  meet WIPP c r i t e r i a  must be cons t ruc ted  

anyway. I n  add i t i on ,  no c o s t l y  changes t o  the  f a c i l  i t y  must be 

requ i red  o the r  than the a d d i t i o n a l  f l o o r  space t o  add the  volume 

r e d u c t i o n  processes. 



TABLE 12 

Savings Versus Cost Comparison for Volume ~eduction' 

Compaction Compaction Size Ele ta l Metal I4e tal  
Incineration Combustibles Metals . Reduction Shredding   el t ing2 ~econtamination~ 

~ewly  Generatef 
Waste a t  RFP 1,900(740) 1,200(240) 1,600(.240) 1,900(370) 1,500(550) 4,000(640) 2,900(650) 

Stored Wa;te 
a t  INEL 1,300(1,030) 030(425) 060(430) 1,000( 570) 800(750) 2,200(840) 1.,600(930) 

P 
' Process cost (disposal and transportation savings) in do11ars/m3 . 

I 
IU 

Includes size reduction costs. 
Also represents approximate costs for s i t es  with less than  1,000 m3/yr requiring disposal and  
approximate savings for s i tes  700 miles from WIPF?. 
Also represents approximate costs for s i t es  with 2,500 m3/yr requiring disposal and approximate savings 
for  s i t es  roughly 2,000 miles from WIPP. 
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APPEIJDIX A 

INCREMENTAL COST ESTIMATES FOR WASTE VOLUME REDUCTION PROCESSES 

A l l  c o s t  est imates i n  t h i s  sec t i on  a re  g iven i n  cons tant  1981 

do1 l a r s .  A1 1 cos ts  a re  incremental costs,  t h a t  i s ,  t he  c o s t  t o  add f l o o r  

space, equipment, and personnel t o  a f a c i l i t y  which must be b u i l t  anyway o r  

t o  a f a c i l i t y  which a l ready e x i s t s .  Cost est imates i n  t h i s  study assume 

t h a t  t he  type o f  f a c i l i t y  which i s  r e q u i r e d  t o  repackage the  f r a c t i o n  o f  

s to red  waste which may r e q u i r e  repackaging and t o  immobi l ize chemical 

process waste t o  meet WIPP acceptance c r i t e r i a  would o n l y  need a d d i t i o n a l  

f l o o r  space t o  add the  volume r e d u c t i o n  f a c i l i t i e s  discussed i n  t h i s  

sect ion.  I f  a more compl icated ( i .e. ,  more containment) f a c i l i t y  i s  

requ i red ,  then the incremental c o s t  est imates would be much l a r g e r .  

F o r  each type o f  volume reduct ion ,  f i r s t ,  t he  b a s i s  and assumption f o r  

t he  c o s t  es t imate  i s  presented. Second, t he  y e a r l y  f i x e d  and v a r i a b l e  c o s t  

es t imates  a r e  scaled from t h e  base design f o r  t h e  waste processing r a t e s  

g iven i n  Table 10 i n  sec t i on  3.4. Th is  r e s u l t s  i n  two cos ts  f o r  each 

process; one f o r  processes o f  t h e  approximate s i z e  t o  work -o f f  t h e  s to red  

waste a t  INEL and one f o r  processes o f  t h e  approximate s i z e  t o  reduce t h e  

newly generated waste a t  RFP. Costs a r e  scaled us ing  the  f o l l o w i n g  

equat ion:4 

where C2 = c o s t  w i t h  capac i t y  Q2 

Cl = c o s t  w i t h  capac i t y  Q1 

The f o l l o w i n g  assumptions app ly  t o  a1 1 c o s t  est imates:  

1) Capac i t ies  ( i n  cubic meters per  yea r )  assume waste d e n s i t i e s  

g i ven  i n  Sect ion  3 o f  t h i s  r e p o r t .  These d e n s i t i e s  a re  the  

packaged dens i t y  i n  s to red  waste and rep resen t  rough ly  a 2 t o  1 

r e d u c t i o n  over " loose" dens i t y  . Newly generated waste i s  assumed 



to  be packed to t h i s  density before volume reduction. Reduction 
factors given in th i s  report represent reduction from t h i s  ' 
packaged density . 

2) Capital costs for processes are  divided over a 15-year 1 i f e t ine .  

3 )  Process costs are estimated with m i n i m u m  remote handling 

equi pment. Reduced worker exposure guides woul d make a1 1 

a1 ternatives less  cost effect ive.  

4 )  Floor space cost i s  derived from the cos t  of the new plutonium 

f a c i l i t y  a t  Rocky Fla ts  and i s  $500/ft2. 

5 )  Labor costs are assumed to be $75,00O/man-year. 

6) Six percent i s  added to capi tal  equipment cos t  to  cover research 

and development. 

7) Ten percent i s  added to capital  equipment cos t  to  cover D&D of 

the process a t  the end of i t s  l i f e .  

8 )  All costs  are  given i n  millions of 1981 dol lars  ( M I  

1.1 Incineration of Combusti bl es 

The incinerator cost estimate i s  based on the ins ta l led  cost of the 
Rocky Flats f luid bed incinerator. The cost  for  immobilization of ash i s  

estimated as an incremental cost  to an immobilization f a c i l i t y  which will 
be required for chemical process wastes. Capacity of the FBI i s  82 kg/hr 

or approximately 1200 ~ n ~ / ~ e a r .  Costs a re  given in Table A - l .  



TABLE A-1 

Incinerat ion Cost. Basis 

Fixed Cost 

Equipment, as  i n s t a l l ed  
Floorspace (3200 f t  ) 
R&D and D&D 

Over 15 year  l i f e t ime  

Variable Cost 

Labor 
5 man crew, 4 s h i f t s  
2 average maintenance 

Material s 

Fixed and var iable  cos t s  scaled t o  the process r a t e s  fo r  stored waste 

a t  INEL and newly generated r a t e s  a t  RFP a r e  given i n  Table A-2. 

TABLE A-2 

Incineration Process Costs (Mi 11 ion $ /yr )  

Fixed Cost Variable Cost TOTAL 

Stored waste a t  INEL -51 ( .I31 2.64 (.013) 3.29 

New waste a t  RFP .28 (.06) 1.46 (.012) 1.81 

* Numbers i n  parenthesis  are immobilization cos t s  t o  expand an ex i s t i ng  
immobil i za t ion  f a c i l  i  ty.  



1.2 Compaction 

Cost est imates f o r  compaction are  based on processes f o r  the Rocky 

F l a t s  Advanced Size Reduction F a c i l i t y  (ASRF). The c o s t  es t imate  g iven i n  

Table A-3 i s  f o r  a capac i t y  o f  1,000 ~ n ' / ~ e a r .  

TABLE A-3 

Compaction Cost  Basis  

F i x e d  Cost 

Equi pment and c o n t r o l  s 
Containment (Gl ovebox) 
F l  oorspace 11,400 ft2 
R&D and D&D 

Over 15 year  l i f e t i m e  

Var iab le  Cost  

Labo r 
3 man crew, 4 s h i f t  
2 average maintenance 

M a t e r i a l  s 

F ixed and v a r i a b l e  cos ts  scaled t o  t h e  process r a t e s  . in  s e c t i o n ,  3.4 

a r e  g iven i n    able A-4. 



TABLE A-4 

Compaction Process Costs ( M i l l i o n  $ / y r )  

F ixed Cost Va r iab le  Cost TOTAL 

Stored waste a t  INEL 

Combustibles 
Metal  s 

New waste a t  RFP 

1.3 Size Reduct ion o f  Meta ls  

Cost est imates f o r  s i ze  reduc t i on  a re  based on processes f o r  t he  Rocky 

F l a t s  ASRF w i t h o u t  remote hand l ing  manipulators.  The c o s t  es t imate  g iven 

i n  Table A-5 i s  f o r  a capac i t y  o f  2,700 m3/year. 

TABLE A-5 

Size Re'duction Cost Basis  

F i x e d  Cost 

Equipment and i n s t a l J a t i o n  
Floorspace (9,600 f t  ) 
0&l4 and D&D 

Over 15 yea r  1 i fet irne 

Var iab le  Cost  

Labor 
5 man crew, 4 s h i f t  
4 average maintenance 

M a t e r i a l  



F ixed  and v a r i a b l e  cos ts  scaled t o  the process r a t e s  i n  sec t i on  3.4 

a re  given i n  Table A-6. 

TABLE A - 6  

S ize  Reduction Process Costs ( M i l l  i o n  $ / y r )  

F i x e d  Cost V a r i a b l e  Cost TOTAL 

S to red  waste a t  INEL .70 1.75 2.45 

New waste a t  RFP .28 ..69 .97 

1.4 Metal Shredding 

Cost  es t imates  f o r  metal shredding a r e  based on processes f o r  t he  

Rocky F l a t s  ASRF. The c o s t  es t imate  g iven i n  Table A-7 i s  f o r  a c a p a c i t y  

o f  2,000 ~ n ~ / ~ e a r .  

TABLE A-7 

Metal Shredding Cost  Bas is  

F i x e d  Cost 

Equi pment and c o n t r o l  s 
Containment (Gl ovebox) 
Floorspace (2,000 ft2 ) 
R&D and D&D 

Over 15 yea r  1 i f e t i m e  

V a r i a b l e  Cost  

Labor 
4 man crew, 4 s h i f t  
4 average maintenance 

Mater.ia1 s 



Fixed and var iable  cos t s  scaled to  the process r a t e s  in section 3.4  

are  given in Table A-8. 

TABLE A-8 

Metal Shredding Process .Cost (Mil 1 ion $ /yr )  

Fixed Cost Variable Cost TOTAL 

Stored waste a t  INEL .21 1.6.5 1.86 

New waste a t  RFP .08 -65 . 7 3  

1.5 Metal Melting 

Cost est imates a r e  derived from estimates of i n s t a l l e d  cos t s  of a 

l a rge  arc  melt vacuum furnace t o  melt l a rge  metal items a t  the Hanford 

f a c i l i t y .  The cos t  est imate given i n  Table A-9 i s  f o r  a capacity of 

2,500 v ~ ~ / ~ e a r .  

TABLE A-9 

Metal Me1 t i ng  Cost Basis 

Fixed Cost 

Equipment and ins ta l  l a t i on  
5 arc  furnaces 
Ins ta l  1 a t ion ,  el ec tz ical  
Floorspace (5000 f t  ) 
R&D and D&D 

Over 15 year 1 i fetime 

Variable Cost 

Labo r 
6 man crew, 4 s h i f t  
4 average maintenance 

Material 



F i x e d  and v a r i a b l e  cos ts  sca led  t o  the  process r a t e s  i n  s e c t i o n  3.4 

a re  g iven  i n  Table A-10. 

I .  
TABLE A-10 

f.letal ~ e l ' t i n ~  Process Cost  ill i o n  $ /y r ) .  

F i x e d  Cost V a r i a b l e  Cost TOTAL 

S t o r e d  waste a t  INEL .66 (.70) 2.0 (1.75) 5.1 

New waste a t  RFP ,26 (.28) .SO ( .69) 2.0 

*Numbers i n  paren thes is  a re  s i z e  reducton c o s t s  r e q u i r e d  p i o r  t o  
decontaminat ion. 

Cost  es t imates  f o r  me ta l  decontaminat ion a re  based on processes f o r  

the  Rocky F l a t s  ASRF. The c o s t  es t ima te  g iven  i n  Table A - 1 1  i s  f o r  a  

c a p a c i t y  o f  2,700 IT? /year. 

TABLE A - 1 1  

Metal  Decontaminat ion Cost  Bas is  

F i x e d  Cost  

Equipment and i n s t a l  1  a t i o n  
F l  oorspace ( 1,000 ft2 
R&D and D&D 

Over 15 yea r  1  i f e t i m e  

V a r i a b l e  Cost  

I-abo r 
3 man crew, 4 s h i f t  
1 maintenance 

Ma, te r ia l  



Fixed and v a r i a b l e  cos ts  scaled t o  the process r a t e s  i n  sec t i on  3.4 

are g iven i n  Table A-12. 

TABLE A-12 

Metal Decontamination Process Costs ( M i l l i o n  ~ / v r )  

L LW 

Fixed Cost Va r iab le  Cost D i  sposal TOTAL 

Stored waste a t  INEC .25 ( .70) .92 (1.75) .12 3.74 

New waste a t  RFP . lo  ( .28) .35. (.69) .04 1.47 

* Numbers i n  parenthes is  a re  s i z e  reduct ion .  cos ts  r e q u i r e d  p r i o r  t o  
decontamination. 



APPENDIX B 

VOLUME REDUCTION PROCESSES 

There are  several volume reduc t i on  processes which cou ld  be app l i ed  t o  

TRU wastes.. These processes f i t  i n  t h e  broad ca tegor ies  o f  i n c i n e r a t i o n ,  

s i z e  reduct ion ,  compaction, me1 t i n g ,  and decontamination. The TRU waste t o  

be t r e a t e d  inc ludes  both  s to red  and r e c e n t l y  generated wastes. 

A. I n c i n e r a t i o n  

The term ' i n c i n e r a t i o n '  i s  here used t o  descr ibe  several processes 

which e f f e c t  a  vo l  urne reduc t i on  by chemical ox ida t i on ,  and hence i ncinera-  

t i o n  processes i nc lude  wet and pyrochemical processes. 

An i n c i n e r a t i o n  process f o r  TRU waste t rea tment  must reduce weight  and 

.. v o l  ume, and produce ,a product  s u i t a b l e  f o r  r e p o s i t o r y  enpl acement.. Feed- . . 

s tocks w i l l  i nc lude  p l a s t i c s ,  c e l l u l o s i c s ,  charcoal ,  and o the r  

conbust i  b l  es. 

Low Temperature. Combustion ( <600°C) 

-. F l u i d i z e d  Bed I n c i n e r a t o r  (RFP ) 

Ac id  D iges t i on  (HEDL) 

H igh  Temperature Combustion ( >600°C) 

F i rebox  (RFP) 

Ag i ta ted  Hearth (RFP) 
Rotary K i l n  (RFP) 

Contro l  1 ed-Ai r ( LASL, SRL ) 

Cyclone Drum (Mound) 

I401 ten  S a l t  ( A I )  

S l  agging I n c i n e r a t o r  ( INEL) 



Several of these processes a r e  s t i l l  under development. Four of the 
processes a re  b r i e f l y  described below. 

The SRL control led a i r  inc inera to r  i s  comprised of two adjoining 

chambers. The primary chamber i s  operated w i t h  substoichiometric a i r .  
Regulation of the point and quant i ty  of a i r  flow in jec t ion  fos te r s  f l y  ash 

entrainment and e f f ec t i ve  combustion. Posi t ive  ash removal i s  provided by 

gravi ty  displacement as  new material i s  introduced. 

The rotary ki ln  was developed fo r  combustion of contaminated residues 

a t  RFP. I t  i s  a horizontal cy l indr ica l  chamber ro ta t ing  on i t s  longi-  
tudinal axis. Operation i s  in an excess a i r ,  continuous mode. Potent ia l  
advantages include thorough mixing of waste media, d i s t r i bu t i on  of residues 

in a t h i n  l ayer ,  and posi t ive  ash removal. Residence time i s  about 

1 hour. The pr inciple  disadvantage i s  the  mechanical complexity of the  
ro ta t ing  primary chamber. 

Wastes could be accepted i n  .an unshredded form for  these two ty,pes of  
incinerators .  Introduction may be e f fec ted  w i t h  a ram package feed . . 

system. :do problems ' are  an t ic ipa ted  i n  processing the sol i d  combustibles 

and charcoal. Only the rotary  k i l n ,  however, has been developed f o r  use 
with l i qu id  combustibles. The SRL control led a i r  u n i t  would need . . 

development in t h i s  area. 

Fl u i  di zed bed incinerat ion e f f e c t s  f l  amel e s s  combustion i n  a primary 

bed of sodium carbonate granules succeeded by an af terburner  w i t h  oxidation 

c a t a l y s t  bed. I t  was developed and demonstrated w i t h  contaminated waste a t  
RFP. Vessel temperatures a t  550 and 600°C, respect ively .  1-40 r e f r ac to r i e s  

a r e  required,  construction i s  s t a i n l e s s  s t e e l .  Product removal i s  through 
e l u t r i a t i o n  and i t  i s  both posi t ive  and continuous. Residence time i s  

shor t ,  providing minimal ash hold-up and increased inventory accuracy. 
Factors inherent  to f lu idized beds include small f a c i l i t y  s i z e  and thorough 

ag i t a t i on  of waste media. The presence of basic s a l t s  i n  the primary bed 
neu t ra l i zes  ac id ic  cons t i tuen ts ,  and permits use of a dry off-gas system. 



Acid  d i g e s t i o n  e f f e c t s  combustion through chemical o x i d a t i o n  i n  a  

s u l f u r i c / n i t r i c  a c i d  bath. Development work was performed a t  Hanford 

. Engineer ing Development Laboratory (HEDL). It i s  a  low temperature 

process, ope ra t i ng  a t  about 250°C. Const ruc t ion  i s  o f  g lass  and g lass-  

l i n e d  s tee l .  The pr imary sa fe ty  concern i s  the  presence o f  moderat ing 

l i q u i d s  i n  con tac t  w i t h  f i s s i l e  ma te r i a l .  Aqueous o f f -gas  scrubbing i s  

necess i ta ted  by a c i d  recovery and c leans ing  requirements. A f r a c t i o n a t i o n  

column f o r  recovery and recyc le  o f  ac ids  i s  inc luded.  

The f o u r  processes describ.ed above a re  a l l  w e l l  developed. Only t h e  

f l u i d i z e d  bed and a c i d  d i g e s t i o n  processes hav.e been demonstrated w i t h  

contaminated waste on a  commercial scale, however-. Al.1 processes cou ld  be 

remotely  operated i f  desired. Add i t i ona l  i n v e s t i g a t i o n  would be needed f o r  

combusting 1  i q u i d s  i n  the  c o n t r o l  l e d  a i r  u n i t  and i n c i n e r a t i n g  charcoal  , i n  

the  f l u i d i z e d  bed. A1 t e r n a t i v e  d isposa l  must be i d e n t i f i e d  f o r  t he  

charcoal and NPH 1  i q u i d s  i f  a c i d  d i g e s t i o n  i s  se lected.  . . . . 

B. S i ze  Reduct ion 

There are several methods o f  s i z e  r e d u c t i o n  i n  use i n  t he  nuc lea r  

i n d u s t r y ,  and several  o thers  i n  use i n  o t h e r  i n d u s t r i e s .  Size reduc t i on  o f  

some type i s  u s u a l l y  a  necessary pre t rea tment  t o  o t h e r  volume r e d u c t i o n  o r  

immob i l i za t i on  processes, and has a l s o  been used i n  the  p a s t  t o  f a c i l i t a t e  

the d isposal  o r  r e t r i e v a b l e  storage o f  l a r g e  TRU contaminated equipment. 

Size reduc t i on  processes can be d i v i d e d  i n t o  f o u r  broad. ca tego r ies  .as 

f o l  1  ows: 

1 )  Crushing and gr ind ing ;  

2 )  c u t t i n g  o r  shearing; 

3 )  sawing o r  t o r c h  c u t t i n g ;  and 

4)  o the r .  



The o the r  category inc ludes  such processes as thermal shock, exp los ive  

d i s i n t e g r a t i o n ,  f l a s h  p u l v e r i z a t i o n ,  e tc .  These are  appl i c a b l e  t o  some 

product  streams i n  the chemical i n d u s t r y ,  b u t  n o t  t o  l a rge -s i ze  TRU wastes. 

Crushing and Gr ind ing  

Crushing and g r i n d i n g  processes a r e  appl i c a b l  e t o  f r i a b l e  m a t e r i a l  

such as g lass and ceramics, and t o  meta ls  t o  a l e s s e r  extent .  Crushing and 

g r i n d i n g  achieves i t s  e f f e c t  by impar t i ng  enough energy ( i n  mechanical 

form) t o  the  process ma te r ia l  t o  cause f r a c t u r i n g  o f  the  ma te r ia l .  This  i s 

u s u a l l y  accomplished by fo rc ing  the  m a t e r i a l  between two hard surfaces. 

There are  a number of equipment types which accomplish t h i s  phenomena; i t  

i s  t h e  ope ra t i ng  p r i n c i p l e  o f  r o l l  m i l l s ,  b a l l  and rod  m i l l s ,  hammer m i l l s ,  

d i s c  m i l  1  s, and jaw crushers. 

Another process 'wh ich .  u t i l i z e s  impact force f o r  s i z e  reduc t i on  i s  t h e  

f l u i d  energy o r  j e t  m i l l .  These a re  commonly used i n s i d e  o the r ,p rocess ,  

equipment (such as f l u i d  beds) and f o r  g r i n d i n g  pneumat ica l ly  conveyed 

s o l i d s .  This  i s  n o t  considered o f  use fu l  process f o r  TRU waste volume 

reduct ion .  

2. C u t t i n g  and Shearing 

The c u t t i n g  and shearing processes can be used f o r  a \.ride v a r i e t y  o f  

m a t a r i a l  s found i n  c u r r e n t  and s to red  TZU wastes, from rags, paper, and 

p l a s t i c s  t o  1 i g h t  metals. Most c u t t i n g  o r  shear ing equipment uses the  same 

t ype  o f  a c t i o n  as a r e e l  lawn mower; t h a t  i s ,  the  ma te r ia l  t o  be processed 

i s  fed  between two sets of blades; one b lade ( u s u a l l y  c a l l e d  the  a n v i l )  i s  

s t a t i o n a r y ,  and the  moving b lade i s  one o f  several  mounted on a r o t a t i n g  

drum o r  ax le.  Ma te r i a l  f low can be t ransverse  o r  normal t o  the ax le,  as i s 

u s u a l l y  t he  case i n  heavy duty a p p l i c a t i o n s  (such as the  shredding o f  junk 

c a r  bodies f o r  s tee l  remel t )  o r  para1 1 e l  t o  t he  a x l e  (used i n  the s l  i c i n g  

o f  bread) .  



3. Sawing and Torch Cut t i .ng 

These a re  the most common s i z e  reduc t i on  techniques used i n  nuc lear  

waste management. The process c o n s i s t s  o f  separa t ing  pieces o f  metal f rom 

each o t h e r  by removing a narrow k e r f  o f  m a t e r i a l  between the two. Equip- 

ment used f o r  t h i s  opera t ion  inc ludes ,  b u t  i s  n o t  1 i m i t e d  to ,  hand hack- 

saws, power hacksaws, handsaws, oxyacety l  ene torches, and p l  asma arc 

torches. 

C. Decontaminat ion 

Several types o f  noncombustible s o l i d  TRU wastes are  produced o r  i n  

storage. These i nc lude  metals,  g lass,  i n s u l a t i o n ,  and ceramic ma te r ia l s .  

The on ly  waste t o  be d e a l t  w i t h  i n  t h i s  s e c t i o n  w i l l  be metal ; however, 

washing and l each ing  opera t ions  can be used t o  decontaminate combust ib le 

ma te r i a l s .  The purpose o f  decontaminat ing metal i s  t o  reduce cos ts  by 

removing metal t o  a low- leve l  metal  waste stream f o r  LLW b u r i a l  i ns tead  of  

TZU waste t o  be i n t e r r e d  i n  WIPP. 

1. Metal  Decontaminat ion Processes 

'Process op t i ons  are:  

El  ect rodecontaminat ion w i t h  phosphoric ac id .  

Basic  e lect rodecontaminat ion.  

Elect rodecontaminat ion w i t h  t h e  c e r i c - n i t r i c  a c i d  system. 

V i b r a f i n i s h  ( v i b r a t o r y  f i n i s h i n g ) .  

Steam c lean ing .  

Chemical decontamination. 

Mel t -s lagging.  

M i  s c e l l  aneous 

These processes w i l l  be descr ibed and evaluated i n d i v i d u a l l y .  



a. Description of Processes 

(1) El ectrodecontami nation with Phosphoric Acid 

The use of phosphoric acid as an electrodecontaminating agent has been 
extensively investigated and reported. Two problem areas with phosphoric 

acid are  the d i f f icu l ty  i n  recovering actinides from the solution and the 

d i f f icu l ty  of processing the spent e lec t ro ly te  to obtain a solid waste 
form. Cadmium must also be processed since i t  i s  added as a neutron 
absorber. Phosphoric acid i s  an ef fec t ive  decontaminating agent, however, 

and the ra te  of decontamination i s  f a s t e r  w i t h  phosphoric acid than w i t h  

other systems. 

Basic Electrodecontamination 

This electrodecontamination method uses a solution of pH 8.5 contain- . . 

ing 200 g/l Nal4O-j , 20 g/l Na2B4O7*H20 (added to serve as a neutron poison) 
and 2 g/l Na2C204 ( t o  aid in f i l t e r i n g  the sludge). The metal being decon- 

taminated' serves as the anode. Sampl es  of s ta in less  steel contaminated to  
lo6 dpm/cm2 were decontaminated to background (0.16 dpm/cm2 ) by el  ectroly- ., 

s i s  a t  2S°C fo r  4 minutes; t h i s  resulted i n  the removal of -30 mg/cm2 of 
metal. The actinide,  nickel, and iron dissolved from the s t a in l e s s  steel 
form a sludge in the bottom of the container. One disadvantage of t h i s  

system i s  tha t  chromium remains in the e lec t ro ly te ,  increasing to  a concen- 
t ra t ion  of 20 g/1. The actinide-containing sludge can be solubil ized with 

n i t r i c  acid and th i s  waste stream can be recovered by conventional methods. 

( 3  ) El ectrodecontami nation w i t h  the Ceric-Ni t r i c  Acid System 

Cerium(1V) i n  n i t r i c  acid i s  a good dissolution agent for plutonium 
oxide and can be used for decontaminating metal surfaces. Studies have 

shown tha t  0.2M - Ce( IV)  in 31 HE103 a t  90°C can reduce <lo6 dpn/cm2 on s tain-  
1 ess steel to background 1 eve1 s ( <1 dpm/cm2 ) in about 1 hour. A1 though 

th i s  process i s  slower than the methods discussed above even a t  the higher 



temperature, the cer ic -n i t r ic  acid system does possess some advantages. 
F i r s t ,  the system i s  not a high s a l t  system; therefore,  there i s  

potentially less  waste generation. Secondly, the cerium can be recovered 

and recycled (as  described in the Actinide Recovery sect ion) .  Third, the 

process does not require immersion of the equipment being decontaminated, 
so i t  can be used as a spray or as a flow-through system. 

Vibrafinish 

A1 though vibratory finishing has been used for  years in metal f inish-  

ing, i t  has been tested only recently for  decontamination. I t  has a longer 
process time ( 1 / 2  to 1 hour versus 1 to 2 minutes for  e1ectrodecontamina.- 

t ion or  electropolish) and the recovery process has not been well defined. 

I t  i s  usually considered as a prel iminary decontamination step and . . 

prel iminary t e s t s  show decontamination factors  ( the  r a t io  of i n i t i a l  count 
to final count) of up  to  100. 

One real advantage i s  tha t  materi a1 s .other than rnetal s can. be 
decontaminated. The inabi l i ty  of the decontamination medium to reach areas . . 

accessible to l iquid decontaminants i s  a disadvan.tage . . .  

(5 )  Steam Cleaning 

This method appears to be a t t r ac t ive  i n  several ways: (1) about 95% 

of the actinide can be recovered from the steam condensate by f i l t r a t i o n  

alone; (2) epoxy adhesive, a common contaminant, i s  quickly and completely 

removed; and ( 3 )  i t  i s  easy to  remote. 

D i  sadvantages include: (1 ) the decontamination factor  i s  only about 

10, so subsequent treatment by a more ef fec t ive  method i s  necessary; ( 2 )  a 

l o t  of aqueous waste (7 gal / f t2  of contaminated surface) i s  generated; and 
(3 )  the containment area i s  subject to material (maintenance) probl ems 
because of the h i g h  humidity. The most serious disadvantage i s  the poor 

decontamination. 



Vibratory Finishing 

Process Description. Vibratory finishing i s  a process tha t  uses the 
scouring action of vibrating abrasive media for cleaning the surface o f  

materials.  Energy in the form o f  vibratory forces i s  transferred from 
mechanical .drive systems into a mass o f  loose media and then into the 

part .  The en t i r e  load i s  in motion a t  the same time so tha t  the media ac ts  
against the parts throughout the complete mass. During the process, an 
aqueous solution i s  percolated down through the media and parts to remove 
the metal f ines ,  impurities, and contamination. 

The basic elements of the process are the machine, abrasive media, 

aqueous solution, possibly a finishing compound, and the part  being 
processed. 

Abrasive Blasting 

Process Description. Abrasive blasting i s  a process used for  cleaning 

and finishing of materials by forceful direction o f  an abrasive grain, 
applied e i ther  dry or suspended i n  a l iquid medium against the surface of 

the wo,rkpiece. The process i s  considered an economical operation because 
of a reduction i n  man-hour requirements as compared to other processes, the 

need for  expensive equipment, and i t s  appl ication to surface areas without 
extensive prel iminary sectioning or cut t ing of parts into specif ic  sizes 

and shapes. 

Abrasive blasting may be applied by e i the r  mechanical or a i r  pressure 
means. When automation i s  a factor ,  mechanical dry blasting i s  general ly 

used for  removing surface contamination. Dry pressure blasting i s  used 

when relat ively small to medium parts w i t h  i n t r i ca t e  designs are being 

cleaned. Wet bl asting, which i s  general ly used w i t h  suspended f ine  
abrasives in chemically treated water, i s  used with a i r  pressure for the 

precision finishing of parts.  



Chemical M i  11 i n g  

Chemical m i l l i n g  i s  a  process t h a t  has cons ide rab le  p o t e n t i a l  f o r  

decontaminat ion process ing.  One o f  t h e  processes be ing  i n v e s t i g a t e d  uses 

cer ium(1V) t o  a c c e l e r a t e  the su r f ace  d i s s o l u t i o n  o f  s t a i n l e s s  s t e e l  i n  

n i t r i c  ac id .  The cer ium(1V) o x i d i z e s  t h e  metal  su r f ace ,  e f f e c t i n g  i t s  

d i s s o l u t i o n  i n  t h e  n i t r i c  ac id .  The cer ium(1V) t h a t  i s  reduced t o  

c e r i  urn( I I I ) by t h e  r e a c t i o n  i s  regenera ted  e l e c t r o l y t i c a l l y  a t  an anode. 

E l e c t r i c a l  c o n t a c t  w i t h  t he  p a r t  t o  be decontaminated i s  n o t  r equ i red ,  and 

the  d i s s o l u t i o n  process i s  n o t  s e n s i t i v e  t o  t h e  l o c a t i o n  o f  t h e  

r e g e n e r a t i o n  e l ec t rode .  Th is  makes t h e  process w e l l  s u i t e d  f o r  spray o r  

f l  ow-through, i n  s i  t u  decontaminat ion appl  i c a t i o n s .  The process i s 

expected t o  produce low secondary volumes o f  waste, which a r e  cornpat ib l  e  

w i t h  e x i s t i n g  l i q u i d  waste p rocess ing  and d i sposa l  systems. 

Me1 ti ng S l  agg i  ng 

Me1 t i n g  s l  agging i s  a  me1 t - r e f i n i  ng process b e i n g  cons idered  f o r  

s e p a r a t i n g  t r a n s u r a n i c  contaminants  frorn waste me ta l s  and f o r  r educ ing  t he  

v o l  ume o f  waste meta l .  The process i s  based on a meta l  1  u r g i c a l  snel  t i  ng 

o p e r a t i o n  t h a t  separates t h e  metal .  f ro in i m p u r i t i e s  by c l ~ e m i c a l  o r  p h y s i c a l  

f us i on .  To f a c i l  i t a t e  the  f us i on ,  and t he reby  i nc rease  i m p u r i t y  removal , 
f l u x  substances a r e  added. The mechanism f o r  removal i s  t h a t  some impu r i -  

t i e s  a re  d i s s o l v e d  i n  t he  f l u x ,  whereas o t h e r s  a r e  chemical  l y  combined. 

The fused  p r o d u c t  formed by t h e  a c t i o n  o f  t h e  f l u x  on t h e  o x i d i z e d  

i m p u r i t i e s  i s  c a l l e d  t he  s lag.  

The con tam ina t i on  can be separated f rom t h e  metal  i n t o  t h e  formed s l a g  

because o f  f u s i b i l  i ty, chemical  a c t i v i t y ,  d i s s o l v i n g  power, and low 

dens i t y .  Other f u n c t i o n s  o f  s l a g  a re  p r o t e c t i o n  o f  t h e  me1 t f rom h o t  

gases, hea t  s t a b i l i z e r s ,  and c o n s e r v a t i o n  o f  heat .  




