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ABSTRACT 

The overall task of this program was t o  provide an 
assessment of currently available technology for treating eom- 
mercial low-level radioactive waste (LLRW), to initiate devel- 
opment of a methodology for choosing one technology for a 
given application, and to identify research needed to improve 
current treatment techniques and decision methodology. The 
resulting report is issued in four volumes. 

Volume 1 provides an executive summary and a general 
introduction to the four-volume set, in addition to recommen- 
dations for research and development (R&D) for low-level 
radioactive waste (LLRW) treatment. Generic, long-range, 
and/or high-risk programs identified and prioritized as needed 
R&D in the LLRW field include: 

1 .  
2. 

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

10. 
11. 
12. 
13. 
14. 
15. 
1 6 .  

systems analysis t o  develop decision methodology; 
alternative processes f o r  dismantling, decontaminating, 
and decoumissionfng; 
ion exchange; 
incinerator technology; 
disposal technology; 
demonstration of advanced technologies; 
technical assistance; 
below regulatory concern materials; 
mechanical treatment techniques; 
monitoring and analysis procedures; 
radical process improvements ; 
physical, chemical, thermal, and biological processes; 
fundamental chemistry; 
interim storage; 
modeling; and 
information transfer. 

The several areas are discussed in detail. 

vi I 





EXECUTIVE SUMMARY 

This  low-level r a d i o a c t i v e  waste (LLRW) assessment placed emphasis on 

ob ta in ing  inpu t  from a broad spectrum of a c t i v e  p a r t i c i p a n t s  i n  t h e  f i e l d .  

Direct c o n t a c t s  were made wi th  ope ra t ing  r e a c t o r s ,  vendors, major 

programs, and government agencies.  A survey w a s  made of opera t ing  nuc lear  

r e a c t o r s  t o  o b t a i n  informat ion  on t h e  n a t u r e  of t h e i r  w a s t e  streams, pres- 

e n t  t rea tment  methods, and r e sea rch  and development (R&D) needs, 

Ques t ionnai res  were r e tu rned  from 56 of t h e  76 opera t ing  o r  nea r ly  

completed r e a c t o r s  (74% r e tu rn ) .  Vendors t o  t h e  commercial LERW genera- 

t o r s  were also surveyed. The p r i n c i p a l  commercial LLRW program work i n  

t h e  United States is conducted by the Electric Power Research I n s t i t u t e  

(EPRI), and t h i s  assessment bene f i t ed  from our  access t o  EPRI's d a t a  bases 

and r epor t s .  

A Workshop on Low-Level Radioact ive Waste was held i n  Arl ington,  

V i r g i n i a ,  on August 20-21, 1985. The Workshop w a s  designed t o  be a con- 

c e n t r a t e d  s tudy of LLRW R&D needs. P a r t i c i p a n t s  were c a r e f u l l y  s e l e c t e d  

t o  g ive  a balanced r e p r e s e n t a t i o n  of t h e  var ious  aspects of LLRW manage- 

ment. Proceedings of t h e  Workshop are publ ished as Volume 4 of t h i s  

r epor t .  Information generated by t h e  Workshop i s  used throughout. 

The two primary purposes of t h i s  assessment program f o r  t he  

Department of Energy (DOE) are t o  i d e n t i f y  needed R&D i n  the  commercial 

LLRW area and t o  provide an information mat r ix  on technologies  app l i cab le  

t o  t h e  t rea tment ,  s to rage ,  d i sposa l ,  and t r a n s p o r t a t i o n  of t h e  var ious  

LLRW types.  Volume 1 p resen t s  a d e t a i l e d  d i scuss ion  of R&D needs, and a 

b r i e f  p r i o r i t i z e d  l i s t  of t hese  needs i s  given i n  t h i s  Executive Summary. 

Volume 2 provides  ex tens ive  background information on t rea tment ,  s t o r a g e  

d i s p o s a l ,  and t r a n s p o r t a t i o n  (TSDT) t echnologies  f o r  re ference  by DOE and 

t h e  commercial nuc lear  indus t ry .  A matr ix  of t h e  t reatment  technologies  

a p p l i c a b l e  t o  va r ious  LLRW streams i s  a l so  included i n  Volume 2. Volume 3 

i s  an  ex tens ive  compilat ion of a b s t r a c t s  r e l a t i n g  t o  a l l  major a c t i v i t y  

areas i n  t h e  LLRW f i e l d  (Pa r t  1 )  and of t h e  many r egu la to ry  c o n s t r a i n t s  

governing these  areas (Pa r t  2). F i n a l l y ,  Volume 4 inc ludes  Proceedings 

and major r e s u l t s  o f  t h e  LLRW Workshop. 

i x  
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Even though t h i s  assenament w m  imlnly concerned with technology 

a p p l i c a t i o n s ,  the s o c i a l ,  political, and r egu la to ry  issues t h a t  a f f e c t  

waste t reatment  technologies  are b r i e f l y  discussed.  

Resesareln and development p r i o r i t i c s  d i f f e r  autong the LLRW generators, 

d i s p o s a l  s i t [ :  ope ra to r s ,  t h e  pub l i c ,  p o l i t i c i a n s ,  regulators ,  or o the r  

f e d e r a l  agencies .  Our prforft-i e a t i o n  of t h e  c o m e r e l a 1  LLRW R&D [needs 

i d e n t i f i e d  in t h i s  assessment was done p r imar i ly  from t h e  f e d e r a l  

vicupo2nt.  Fu r the r ,  t h e  bas i s  of this viewpoint i s  t he  assumption t h a t  

R d D  i s  not  to be considered a f e d e r a l  p r i o r i t y  i f  i t  is  simple, shor t -  

t e r m ,  low-technology, nongeneric work t h a t  can be handled by t h e  genera- 

t o r s ,  vendors,  o r  o the r  LLRW management s e c t o r s ,  'rhus, the i d e n t i € i e d  

r e sea rch  p r i o r i t i e s  are long-range, high-technology (or h igh- r i sk) ,  gene r i c  

research prc3jec-t~ that wi.41 not  or cannot be done e a s i l y  by t h e  nuc lear  

I t1dus t r y .  

Using these criteria, many R&D ncleds i d e n t i f i e d  during t h e  assessment 

were e l imina ted  from o u r  f i n a l  l i s t i n g .  The e l imina ted  i t e  

s ide red  those most s u i t a b l e  for funding  by indus t ry  p a r t i c i p a n t s .  

Examples of these i n c l u d e  improvements in mechanical processes  s u c h  

as s o r t i n g ,  ba l ing ,  sizing, seg rega t ion ,  c u t t i n g ,  sawing; a p p l i c a t i o n  of 

ava i l ab l  e couapaction/supercompactioa systems; research  on volume reduct ion  

improvements through changes i n  ope ra t tng  procedures ,  product ion and 

handl ing techniques,  and s t a f f  educat ion;  and increased  e f f i c i e n c y  o f  

opera t ion ,  monitor ing,  and a n a l y t i c a l  techniques.  

The generic,  long-range, and/or  high-r isk programs l d e n t i f  i e d  by 

peers  as needed R&D i n  t h e  l,LIE!d f i e l d  during t h i s  assessment. arc l i s t e d  

hew.  These have been p r i o r i t i z e d  to r e f l e c t  what i s  bel ieved t o  he  t h e  

enslzing degrcc of benef f t  t o  t he  nuc lear  indus t ry .  

1. Systems analysis t o  develop _l_l____ dezbsion methodology 
1___1--.- 

Prc~cess improuemar i t s  through sys Lem a n a l y s i s  have a s i g n i f i c a n t  

p o t ~ n i t i a 1  f o r  important b e n e f i t s  i n  impruving waste management e f f  i- 

ciency.  General ly ,  the waste mnagement processes a r e  considered 

sepa ra t e ly  r a t h e r  than as i n t e g r a t e d  systems, In t cg ra t ion  of these 

t echnologies  would r c b s r t l t :  jn more e f f i c i e n t ,  safer, and more cost -  

e f i e c t i v e  was Le management systems. I n  p a r t i c u l a r ,  che development 

of dec i s ion  m e t h o d ~ l o g i t . ~  us ing  advanced eomputcr techniques WPPI 
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give the process operators more reliable ways of selecting technology 

applications to solve LLRW problems most efficiently. The indecision 

that now characterizes choice of technology applications could be 

largely relieved by development of a program ( o r  programs) which 

would select the "best technology" based on operator inputs of 

the unique characteristics relating to the problem area. 

2. Alternative processes for dismantling, decontaminating and decom- 

missioning 

Simpler processes that produce fewer undesirable side-products 

are needed. This area was identified as being particularly urgent 

during the assessment because of the planned obsolescence of numerous 

nuclear facilities. Much information is needed concerning available 

technologies and the new types of LLRW materials that will be pro- 

duced in large quantities in the near future. First, a study is 

needed to predict the scope of dismantling/decommissioning activities 

for the entire nuclear industry,to avoid possibly unpleasant sur- 

prises and technology shortfalls. Then a concerted effort is needed 

to improve the available technologies and t o  develop new ones in time 

to meet projected needs. This long-term effort would forecast the 

types of LLRW materials to be dismantled, treated, and transported 

f o r  disposal; it would also identify dismantling logistics and 

necessary technologies. For example, we know that readily disposable 

solvents are needed, as well as better methods for recycling, 

stabilizing, and disposing of the decontamination by-products. 

After the types of LLRW to be handled have been identified and 

the required technologies have been defined, R&D efforts are needed 

to develop and demonstrate the new technologies. This is the type of 

long-range effort that industry generally is reluctant to carry out, 

and,because of this, there could be a significant federal role in 

this area. 

3. Ion exchange 

T h i s  is the most widely used of the physical, chemical, thermal, 

and biological (PCTB) processes €n current use by the LLRW genera- 

tors. Areas where research and development is needed are: (a) 

pretreatment of liquid waste streams, that is, more control of the 
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contaminants in t roduced  i n  t h e  feed water; (b) improvement of the i o n  

exchange r e s i n s ,  t h a t  i s ,  hlgher-capaci ty  materials; ( c >  development 

of sp l i t - s t r eam processi-ng concepts;  (d)  improved capac i ty  f o r  mixed 

wastes conta in ing  hazardous cherni.rra1.s; ( e )  regeneri3ttion, which may 

create more waste volume but  may a l s o  s impl i fy  u l t i m a t e  r e s i n  dispos-  

a l ;  ( f )  s o l - i d i f i c a t i o n  of i on  exchange mat.erials fo r  f i n a l  d i sposa l ;  

( g )  d i s p o s a l  op t ions  such as co-conta iner iza t ion  wi th  f i l t e r  

car t r i .dges ,  ecc . ;  and (h) methods f o r  reducing t h e  volume of t h e  

spen t  r e s i n s  (e.g. ,  microwave heatfng). 

-_ I n c i n e r a t o r  technology - -.- 4 ,  

This  was i d e n t i f i e d  as t h e  mast widely considered new applLca- 

t i o n  i n  t h e  technology survey. Some federal  r e sea rch  a s s i s t a n c e  i n  

t h i s  a r e a  could prevent-. t h e  InisapplicatLon of i n f e r i o r  technology and 

resu l t  i n  cons iderable  savings of t i m e  and money. 'JXe cost-- 

e f f e c t i v e n e s s  of va r ious  op t ions  f o r  s tandard  i n c i n e r a t o r  des igns  

needs  t o  be determined ( e .  g., f luidized-bed l i qu id - in j ec t ion ,  r o t a r y  

k i l n ,  con t ro l l ed -a i r ) .  Cost comparison s t u d i e s  are needed f o r  small 

u n i t s  a t  a s i n g l e  genera tor  s i t e  vs  mul t ip l e  u n i t s  a t  a c e n t r a l  loca- 

t i o n .  Regional s i t i n g  under t h e  Compact system needs t o  be compared 

t o  l o c a t t o n  a t  t h e  d i s p o s a l  f a c i l i t y .  

The economic e f f e c t s  of var ious i n c i n e r a t o r  designs and t h e i r  

a c c e p t a b i l i t y  t o  gene ra to r s ,  r e g u l a t o r s ,  and t h e  gene ra l  pub l i c  need 

t o  be determined. T h e  waste materials f o r  which i n c i n e r a t i o n  is  

c u r r e n t l y  i n f e a s i b l e  and the development of methods f o r  process ing  

and separating t hese  materials should be candida tes  f o r  f e d e r a l  W&D, 

Varlous off-gas t reatment  systems f o r  i n c i n e r a t o r s ,  p a r t i c u l a r l y  

the  LLRW sc rub  s o l u t i o n s ,  need r e sea rch  and improvement. Maintenance 

procedures  are needed t h a t  w i l l  ensure  s a f e  r a d i a t l o n  l e v e l s  to 

personnel .  Methods f o r  s impl i fy ing  t h e  e n t l r e  i n c i n e r a t i o n  process  

will be necessary f o r  widespread economic a p p l i c a t i o n  of t h e  tech- 

nology. Methods are a l s o  needed f o r  exanaining t h e  ash r e s u l t f n g  

f r o m  i n c i n e r a t t o n  of LLRW t o  determine the methods of f i x a t i o n  

r equ i r ed  f o r  d isposa l .  

A f t e r  t h e s e  important  des ign  cons ide ra t ions  have been de te r -  

r a l l i e d ,  a pro to type  "packageen u n i t  f o r  i i t i l . i t y  LLRW could be designed 
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from the newly developed standards, to lower the cost and simplify 

incinerator operation. Other prototype incinerator units could be 

built for industrial and institutional LLRW generators (medical, 

biological, and other types of research). 

5 .  Disposal technology 
+- 

Because of the impending need to establish a number of new 

disposal sites (due to the Compact legislation), R&D in this area is 

urgently needed. It is  generally agreed that new disposal sites 

should be significantly different from existing sites, and the tech- 

nology is not presently available to properly design the new sites. 

For instance, LLRW wastes from decommissioning and decontamination 

are largely unidentffied. Also, the effect of the increased con- 

centration of radioactive species due to volume reduction at the 

burial sites is considered a major problem. Past difficulties with 

site integrity due to instability have increased public doubts about 

the ability to solve these problems with future sites. 

The interaction and transport of waste forms in the final dispos- 

al environment are important areas for research. Because knowledge 

is lacking on species interaction and transport, both technologists 

and the public have often been surprised at the movement of such 

materials. One of the major unknown areas involves the effects of 

water on long-term waste form stability. A scientific basis is 

needed for deciding how much water is appropriate f o r  optimum long- 

term disposal site performance. 

Other questions concerning LLRW disposal that need to be 

addressed by the R&D community are the following: (1) How do 

burial sites behave when filled with waste forms? (2 )  What are 
some efficient mechanisms for collecting, analyzing, and treating 

water that has been in contact with the buried waste forms? (3 )  How 

can we extend the lifetimes of the burial sites that are already 

in operation? ( 4 )  What are the effects of decontamination/ 

decommissioning wastes on the stability of waste forms and on burial- 

ground mobility of these materials? How do we predict future needs 

in this area? (5) How do we obtain better determinations of 
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r ad ionuc l ide  concent ra t ions  i n  w a s t e  t o  ensure  proper handl ing and 

d i s p o s a l ?  ( 6 )  How do we r e so lve  the c u r r e n t  controversy among d is -  

p o s a l  s i t e  ope ra to r s ,  u t i l i t i e s ,  s tates,  and t h e  p u b l i c  on volume 

reducIrIon consequences and economics? ( 7 )  How do w e  ensure s i t e  sta- 

b i l i t y  f o r  t h e  long  t e r m ?  

6 .  Demonstration of advanced t e c h n o l o w  

Certai-n f e d e r a l  agencies  (e.g., IIOF, EPA) are uniquely q u a l i f i e d  

t o  assist LLRrd gene ra to r s  i n  a very s i g n i f i c a n t  way by us ing  t h e i r  

wide range of e x p e r t i s e  a t  high-technology f a c i l i t i e s  t o  provide 

l a rge - sca l e  demonstrations of complex new methods and prucesses .  

While the LLRW genera tors  are r e l u c t a n t  t o  adopt “unproven high 

technology “ they wou4.d welcome technologies  t h a t  have been proven on 

a l a r g e  scale. It is  recornended t h a t  t he  f e d e r a l  programs create a 

formal  l i a i s o n  wl th  G P K I ,  and perhaps o t h e r s ,  t o  a s s u r e  t h a t  advan- 

t ages  of an  LLRW technology demonstration program w i l l  accrue  t o  t h e  

commercial LLRW genera&ora. 

7. Technical  a s s i s t a n c e  

I n s t i t u t i o n a l  and i n d u s t r i a l  genera tors  of LLRW need t e c h n i c a l  

a s s i s t a n c e  t o  off  se t  the  e f f e c t s  of cons t an t ly  changing requirements 

from pub l i c ,  p o l i t i c a l ,  and r egu la to ry  sources .  

8. _I Below regula tory  concern I materials 

This area i s  viewed by t h e  nuc lear  genera tors  as having a poten- 

tLal  f o r  s i g n i f i c a n t  reduct ion  of t h e  t o t a l  waste problem. It is 

be l ieved  t h a t  as much as 33% of c e r t a i n  ca t egor i e s  of waste (such as 

low-spec i f ic -ac t iv i ty  and many of t h e  dry ,  a c t i v e  wastes) could he 

disposed oE by less c o s t l y  methods iE “below regu la to ry  concern” were 

proper ly  def ined.  To accomplish t h i s ,  R&D is  needed i n  some areas, 

F o r  examples development of more s e n s i t i v e  instruments  f o r  measuring 

very  low r a d i a t i o n  levels would g ive  conftdencc that t h e  material 

would not  cause f u t u r e  problems when disposed of at a s i t e  not  regu- 

l a t e d  f o r  LLRW. N e w  methods are needed for sepa ra t ing  from LLRW the 

classes of material t h a t  could be proven t o  be no more hazardous than 

material now s t o r e d  i n  s a n i t a r y  l a n d f i l l s .  Publ.-Lc confidence would 

be improved i f  a s e p a r a t e  c l a s s i f i c a t i o n  €or  t h i s  materfal could be 

e s t a b l i s h e d  t o  ensiirr s p e c i a l  handling ai& t h e  s a n i t a r y  l a n d f i l l s .  



Technical  assistance t o  the commercial s e c t o r  i s  needed t o  e s t a b l i s h  

2 nCi/g as t h e  s t anda rd  “de minimis” r a d i a t i o n  l e v e l .  

of T ranspor t a t ion  now uses  t h i s  va lue  i n  i t s  r egu la t ion  49 CFR 

170-189, and t h i s  va lue  has  been incorpora ted  i n t o  the Nuclear 

Regulatory Commission’s 10 CFR 71, by re ference .  

The Department 

9. Mechanical t rea tment  techniques 

These are widely app l i ed  technologies  i n  the commercial nuc lear  

i n d u s t r y  because of t h e i r  s i m p l i c i t y  and low c a p i t a l  cos t s .  There 

are a number of mechanical t rea tment  areas where t h e  LLRW gene ra to r s  

could b e n e f i t  from advanced R&D programs. 

Bal ing i s  not  widely used bu t ,  w i t h  proper  des ign ,  could make a 

s i g n i f i c a n t  con t r ibu t ion .  Simple ba l ing  should be l e f t  t o  vendors t o  

develop,  but  development by DOE of a system t o  accomplish both com- 

pac t ion  and package p repa ra t ion  dur ing  ba l ing  would g ive  important 

f l e x i b i l i t y  t o  produce f i n a l  forms t h a t  optimize space a l l o c a t i o n s .  

Supercompaction may have a very b e n e f i c i a l  e f f e c t  i n  decreas ing  

t h e  mob i l i t y  of rad ionucl ides  and o t h e r  chemical c o n s t i t u e n t s  i n  

d i s p o s a l  by land  b u r i a l .  

p l ac ing  c e r t a i n  materials i n  s p e c i a l  packaging materials before  

supercompaction, need t o  be explored. 

Methods of improving t h i s  u t i l i t y ,  such as 

Remote handl ing/ robot ics  technologies  f o r  use i n  r a d i a t i o n  work 

areas are needed. An e f f o r t  t o  develop these ,  a long with an 

assessment of t h e i r  dose-reduction p o t e n t i a l ,  needs t o  be i n s t i t u t e d .  

The best approach would be a continuous long-term e f f o r t  r a t h e r  

t han  short-term emphasis on only one or two technologies .  Emphasis 

would b e s t  be placed on gene r i c  developments t h a t  can be i n t e g r a t e d  

i n t o  commercially produced devices .  An e f f o r t  of t h i s  kind would 

suppor t  not only t h e  LLRW gene ra to r s  but a l s o  t h e  equipment manufac- 

t u r e r s ,  providing g e n e r i c  R&D they cannot a f f o r d  o r  w i l l  not  do f o r  

va r ious  reasons.  

10. Monitoring and a n a l y s i s  procedures 

P resen t  technology i n  t h e s e  areas 2s inadequate.  More automa- 

t i o n  of w a s t e  monitoring i s  needed, as w e l l  as b e t t e r  methods f o r  

low-level r a d i a t i o n  de tec t ion ,  p a r t i c u l a r l y  f o r  measurements through 

var ious  con ta ine r  materials. Species  ana lyses  of r ad ioac t ive  
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materials, e s p e c i a l l y  of mixtures or complicated materials, need 

improvement. The: most c r i t i ca l  need is  f o r  chemical spec fes  ana lyses  

on al.1. t h e  Resource Conservation and Recovery A c t  (RCRA) materials 

t h a t  are mixed w i t h  t h e  LLRW, 

11. Radica l  process  improvements 

S i g n i f i c a n t  process  improvements a te  needed, for example, i n  t h e  

ope ra t ion  of p u r i f i c a t i o n  equipment. Also, t h e  development of 

r ad ionuc l ide - spec i f i c  concent ra t  i o n  methods could produce a "clean" 

stream s u i t a b l e  f o r  r ecyc l ing  and a much smaller volume of material 

f o r  f u r t h e r  t rea tment  o r  d i sposa l .  

Processes  t h a t  produce mixed wastes r e q u i r e  d e t a i l e d  s tudy  t o  

f i n d  and eva lua te  reasonable  a l t e r n a t i v e s  t h a t  w i l l  decrease  t h e  out- 

put  of t h i s  type  of undes i r ab le  material. A l t e r n a t i v e s  may be found 

i n  di-rect  s u b s t i t u t i o n ,  r ecyc l ing  of c e r t a i n  problem materials, or 

r egene ra t ion  and r euse  of s e l e c t e d  materials. S p e c i f i c  types of 

materials t o  be e l imina ted ,  i f  poss ib l e ,  i nc lude  polyvinyl  c h l o r i d e s  

(PVCs) , chemical so lven t s ,  and c h e l a t i n g  s o l u t i o n s .  An example o f  a 

promising technology t h a t  needs R&D support  is t h e  use  of microwave 

energy t o  des t roy  PVC waste materials. 

12. Phys i ca l ,  c h e d c a l ,  thermal,  and b i o l o g i c a l  (PCTB) processes  

These processes  are u n d e r u t i l i z e d  i n  LLRW management, and a 

thorough s tudy  is needed t o  t d e n t i f y  ways t h a t  t h e  PCTB processes  can 

be. e f f e c t i v e l y  used. While the LLR!+J waste gene ra to r s  are h e s i t a n t  t o  

do t h i s  Work becai.ise of t h e  complexity and t h e  expense involved,  

p o t e n t i a l  sav ings  are toa  g r e a t  t o  ignore  t ; i i ls important area. 

A f t e r  a p p l i c a b i l i t y  s t u d i e s  t o  i d e n t i f y  t h e  most promising tech- 

no log ie s ,  an  R&D program needs t o  be i n s t i t u t e d  t o  develop t h e  b e s t  

a p p l i c a t i o n s  t o  f i t  t h e  LLRW gene ra to r  s i t u a t i o n s ,  For example, the 

use  of  a c i d  d i g e s t i o n  f o r  process ing  spent  i o n  exchange r e s i n s  could 

be i n v e s t i g a t e d  f u r t h e r .  Another process  t h a t  has not been explored 

i n  t h e  United S t a t e s  i s  the t reatment  of resins wi.th hydrogen 

peroxide t o  produce l i q u i d  w a s t e  forms t h a t  can then be reduced in 

volume by evapora t ion  before  r e s o l i d i f i c a t i o n .  The Canadian work 

w i t h  pyrohydrolysis  could a l s o  be inonitored f o r  poss ib l e  a p p l i c a t i o n  

i n  t h i s  country.  



13. Fundamental chemistry 

The basic chemistry of the various liquid LLRW streams is poorly 

understood. This lack of accurate information has resulted i n  

misapplication of existing technology, poor long-term process perfor- 

mance, and higher waste management costs. Also, research on the fun- 

damental chemistry of final waste forms is needed to support waste 

burial site regulators and operators in either developing appropriate 

restrictions or enforcing the existing requirements. Disposal policy 

for ion exchange resins is a specific area where fundamental chem- 

istry research could make a significant difference. 

14. Interim storage 

Storage of wastes at LLRW generator sites will likely become 

necessary due to impending amendments to the LLRW Policy Act. These 

amendments are projected to increase the time frame for establishing 

burial sites in the Compact regions; thus, limitations on storage 

volume at the three sites presently in operation would force interim 

storage. 

For short-term storage, the RbD needs are: monitoring of stored 

material (particularly resins), radiolytic gas generation, radiation- 

enhanced degradation of polymeric materials, corrosion, and disposal 

behavior of materials that have been stored. 

For long-term storage, the R&D needs (in additton to those listed 

above) are: effects of temperature and humidity on properties of 

cement waste forms, gas generation by biodegradation, long-term main- 

tenance problems, space, costs, and public opposition. 

15. Modeling 

Most modeling codes for LLRW waste management are one- 

dimensional, poorly developed, and have little or no verification with 

actual data. 

Modeling input needs that were identified include: better hydro- 

geological data (e.g., delineation of the water tables, flow patterns 

of underground aquifers, interaction of waste materials with water); 

accurate species-tracking information (e.g., identification of 

naturally occurring ligands that can increase transfer rates up to 

1000 times, retention characteristics of soil); standardization; and 

information on-site leakage factors. 
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Code development needs inelude: sensitivity analyses (should be 

g i v e n  priority); modeling over Che full range of conception, develop- 

ment, calibration, and validation; and three-dimensional transport 

codes (these have been needed for 10 years but have no t  had R&D sup- 

port). 

Yodeling codes developed f o r  LLRW need validation using data 

from actual operating systems or demonsiration-scale operations. 

1 6 .  Information transfer 
--11-111--. 

This is included in our listing since there i s  an urgent need for 

improved sharing of R&D inEormation. Federal research, in par- 

ticular, was characterized by the commercial sector as "hidden in 

government reports." A federal journal patterned a f t e r  the very suc- 

cesful E P R i  Journal would facilitate technology transEer in the LLRW 

area. A federal reports abstract distribution service t o  those who 

have previously indicated a need to know could provide importanr 

information on particular subject areas. There is a special need f o r  

information exchange on solidifying agents and for continuing arid 

irnproved T,T,RW surveys , whtch are very useful to the Compacts during 
this foriiiative period. 
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1. INTRODUCTION 

Nuclear power p l a n t s  i n  t h e  United S t a t e s  gene ra t e  l a r g e  q u a n t i t i e s  

of d ry  compactible and noncompactible s o l i d s ,  l i q u i d s ,  and s ludges t h a t  

c o n t a i n  low-level r a d i o a c t i v e  wastes (LLRW). Other LLRW g e n e r a t o r s ,  such 

as i n s t i t u t i o n s  and i n d u s t r i e s ,  produce wastes t h a t  vary i n  n a t u r e  and 

t h a t  o f t e n  c o n t a i n  mixtures of hazardous chemicals with t h e  r a d i o a c t i v e  

wastes. 

sites, and two have l i m i t s  on both t h e  volume and r a d i o a c t i v e  content: t h a t  

t hey  w i l l  accept .  

which no doubt w i l l  develop f u r t h e r  requirements.  

waste gene ra to r s  are seeking t h e  most cost-competit ive combinations of 

t r ea tmen t ,  s t o r a g e ,  t r a n s p o r t a t i o n ,  and d i s p o s a l  systems t o  f i t  t h e s e  

changing cri teria.  Quite o f t e n  t h e  information necessary t o  c o r r e c t  waste 

management d e c i s i o n s  is e i t h e r  missing o r  unava i l ab le  w i t h i n  t h e  needed 

t i m e  frame. 

A t  p r e s e n t ,  a l l  LLRW materials must be disposed of i n  only t h r e e  

The states are now forming r e g i o n a l  Compact s y s t e m s ,  

In  t h i s  climate, t h e  

In response t o  a number of r ecen t  f o r c i n g  f a c t o r s ,  such as t h e  LLRW 

Po l i cy  A c t  of 1980 (PL 96-573 19801, t h e  acceptance l i m i t s  imposed by 

t h e  d i s p o s a l  s i tes,  and t h e  Environmental P r o t e c t i o n  Agency's ( E P A ' s )  

e n t r a n c e  i n  t h e  mixed-waste disposal. area, l a r g e  LLRW gene ra to r s  have 

i n s t a l l e d  new capac i ty  t o  t reat  LLRW materials. 

has  been cau t ious  and conse rva t ive ,  and simple techniques such as com- 

p a c t i o n  and s o r t i n g  have dominated t h e i r  e f f o r t s ,  A t  t h e  o u t s e t ,  most 

g e n e r a t o r s  bel ieved t h e s e  simple procedures would be s u f f i c i e n t .  However, 

more r e c e n t l y  t h i s  s i m p l i s t i c  approach i s  being questioned. It  has become 

ev iden t  t h a t  b e t t e r  a p p l i c a t i o n s  and more advanced technologies  would g ive  

s i g n i f i c a n t  i n c r e a s e s  i n  e f f i c i e n c i e s ,  g r e a t e r  f l e x i b i l i t y  i n  meeting the  

c o n s t a n t l y  changing demands, and o v e r a l l  improvements i n  cost-  

e f f e c t i v e n e s s  of LLRW management. 

Their  approach g e n e r a l l y  

The DOE i s  f a m i l i a r  w i th  a l l  aspects of t h i s  problem and funded t h i s  

assessment p r i m a r i l y  t o  answer t h e  quest ion:  Is f u r t h e r  r e sea rch  and 

development (R&D) needed? If so, what are t h e  R&D needs,  and w h a t  should 

t h e  p r i o r i t i e s  be? 

LLRW gene ra to r s  i n  s e l e c t i n g  and applying a p p r o p r i a t e  e x i s t i n g  waste man- 

agement t echno log ie s ,  ano the r  a spec t  of t h i s  assignment w a s  t h e  product ion 

Since DOE a l s o  recognized t h e  need f o r  a s s i s t a n c e  t o  
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of a laacrix of technologies  t o  assist t h e  genera tors  i n  s e l e c t i n g  the  besr 

a v a i l a b l e  technologies  f o r  use on p a r t i c u l a r  waste streams. The approach 

suggested by t h e  WE to accomplish these  goa ls  w a s  to p lace  m j o r  emphasis 

on ob ta in ing  inpu t  by d i r e c t  con tac t s  w i th  waste genera tors  and o t h e r s  i n  

t h e  LLRW management f i e l d ,  by a t t end ing  t h e  important conferences on LLRW 

management, and by sponsoring a workshop wi th  a t t endees  r ep resen t ing  a l l  

areas of t he  f i e l d .  Such an approach should g ive  t h e  proper  balance t o  

t h e  conclusions of t h i s  assessment. 

This  p r o j e c t  began i n  November 1984. I n  June 1985, nuc lear  r e a c t o r  

o p e r a t o r s  w e r e  surveyed concerning LLRW treatment  methods p re sen t ly  used, 

d i scont inued ,  o r  under cons ide ra t ion  f o r  f u t u r e  uses.  A Workshop on LLRW 

Management needs was held i n  t h e  Washington area i n  August 1985. 

mary r e p o r t  w a s  f i r s t  i s sued  i n  d r a f t  form i n  September 1985. 

c o n s i s t s  of f o u r  volumes. Volume 1 inc ludes  t h e  RbD recommendations; 

Volume 2 summarizes d e t a i l s  of t h e  t rea tment ,  s to rage ,  d i sposa l ,  and 

t r a n s p o r t a t i o n  technologies ,  and p resen t s  t h e  mat r ix  of t reatment  Gech- 

nologies  vs  waste streams. Volume 3 conta ins  b ib l iog raph ic  a b s t r a c t s  of 

t h e  s i g n i f i c a n t  source re ferences  ( P a r t  1 ) ;  Pa r t  2 con ta ins  t rea tment ,  

s t o r a g e ,  d i sposa l ,  and t r a n s p o r t a t i o n  c o n s t r a i n t s .  Volume 4 gives  the  

Workshop Proceedings. 

The sum- 

The r epor t  

A f t e r  a thorough a n a l y s i s ,  i t  was concluded that  t h e r e  i s  a need t o  

support  t h e  commercial i n d u s t r i e s  t h a t  genera te  LLRW. This  support  should 

inc lude  : 

1. t e c h n i c a l  a s s i s t a n c e ,  

2. r e sea rch  and development, and 

3 .  technology demonstration. 

1.1 TECHNICAL ASSISTANCE NEEDS 

To say t h a t  t hese  are d i f f i c u l t  t imes f o r  gene ra to r s  of LLRW i s  an 

understatement .  

1984a),and there are only two widely separa ted  sites which are 

The q u a n t i t i e s  of waste generated are Barge* ( E P R I  

*Using EPRI's 1981 estimate of t h e  average waste genera t ion  rake f o r  
BWRs and PWRs, t h e  LLRW volume f o r  r e a c t o r s  ope ra t ing  in 1985 i s  
91,600 m3/year. The t o t a l  LLRW shipped i n  1981 (according t o  WRC records)  
w a s  83,726 m3. The 1985 LLKW volume estimate f o r  c u r r e n t l y  ope ra t ing  and 
unider-construction r e a c t o r s  is  138,500 m3 (i.e. i f  a l l  were c u r r e n t l y  on- 
l i n e ,  t h e  waste generated would be near  t h i s  amount). 
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l i c e n s e d  t o  accep t  commercial LLRW: Barnwell, South Carol ina,  and 

Richland, Washington. (There i s  a t h i r d  s i t e  a t  Bea t ty ,  Nevada, which 

c u r r e n t l y  accepts very l i t t l e  commercial w a s t e . )  These sites are under 

p r e s s u r e  t o  l i m i t  t h e  amount of waste accepted and, t hus ,  impose quan t i ty -  

per-unit-time l i m i t s  on t h e  material received f o r  d i sposa l .  The LLRW 

P o l i c y  A c t  of 1980 has s t a r t e d  i n  motion t h e  formation of r e g i o n a l  

Compacts, each with i t s  own d i s p o s a l  sites. However, t h e  t a r g e t s  set by 

t h a t  A c t  are not being m e t  and t h e r e  i s  a rush t o  approve amended l e g i s l a -  

t i o n  which cons ide rab ly  extends t h e  t i m e  and scope of t h e  o r i g i n a l  A c t  

(HR 1083 1985). The involvement of t h e  states has inc reased  t h e  pub l i c  

focus  on t h e  i s sue .  It i s  more d i f f i c u l t  t o  l i c e n s e  a s i te ,  e s p e c i a l l y  

s i n c e  t h e  Environmental P r o t e c t i o n  Agency (EPA) has decided t h a t  LLRW 

sites which accept  d x e d  radioact ive/chemical  wastes must be l i c e n s e d  

under t h e  Resource Conservation and Recovery A c t  (BCRA) by November 1985 

(J. J. S c o v i l l e ,  U.S. Ecology, UWMP 1985). 

Large g e n e r a t o r s ,  such as u t i l i t i e s  w i th  nuc lea r  power gene ra t ing  

s t a t i o n s ,  are heav i ly  involved with waste volume reduc t ion  (VR) due t o  t h e  

d i s p o s a l  q u a n t i t y  l i m i t a t i o n s  and t h e  i n c r e a s i n g  c o s t s  of LLRW handling 

and d i sposa l .  The u t i l i t i e s  must consider  long-term s t o r a g e  on-si te  

because of c o n f l i c t i n g  l e g i s l a t i o n  and t h e  u n c e r t a i n t y  of d i s p o s a l  sites. 

Technlcal  advice and a s s i s t a n c e  are needed i n  choosing a p p r o p r i a t e  waste 

t r ea tmen t  equipment t h a t  w i l l  be both c o s t - e f f e c t i v e  and environmentally 

accep tab le .  Some waste gene ra to r s  may have d i f f i c u l t y  deciding which 

i n c i n e r a t o r ,  evaporator ,  l i q u i d - l i q u i d  e x t r a c t o r ,  o r  o t h e r  op t ion  t o  use  

when confronted with s e v e r a l  f e a s i b l e  process  choices.  To d a t e ,  such 

t e c h n i c a l  a s s i s t a n c e  has been provided f o r  t h e  nuc lea r  power i n d u s t r y  

mainly by t h e  Elec t r ic  Power Research I n s t i t u t e  (EPRI 1980). 

Even though most l a r g e  LLRW gene ra to r s  would welcome he lp  from t h e  

DOE, t h e  i n d u s t r i a l  and i n s t i t u t i o n a l  w a s t e  gene ra to r s  are a l s o  i n  need of 

a s s i s t a n c e .  I n  many ways t h e i r  needs are more a c u t e ,  because they 

g e n e r a l l y  have fewer resources  and a l a r g e r  percentage of t h e i r  LLRW has 

both r a d i o a c t i v e  and chemically hazardous components. These mixed wastes 

are not  c l e a r l y  def lned o r  r egu la t ed  a t  p r e s e n t ,  bu t ,  as mentioned pre- 

v i o u s l y ,  t h e  EPA has s t a t e d  t h a t  LLRW sites accep t ing  t h e s e  mixed wastes 

after November 1985 must be l i c e n s e d  under t h e  RCRA. A r e p r e s e n t a t i v e  of 

one of t h e  d i s p o s a l  s i t e  o p e r a t o r s  (A.  Crase, U.S. Ecology, ORNL 1985) has 
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subsequent ly  s t a t e d  t h a t  h i s  company w i l l  f i l e  a s i t e - c l o s u r e  p lan  r a t h e r  

t han  an  a p p l i c a t i o n  f o r  an RCRA permit f o r  mixed wastes ,  because of t h e  

d i f f i c u l t y  of complying wi th  EPA's  P a r t  B l i c e n s i n g  requirements wi th in  

t h e  given time frame. It would not  be s u r p r i s i n g  i f  t h e  remaining LLRW 

d i s p o s a l  s i t e  ope ra to r  fol lows suit. The s m a l l  LLKW genera tors  w i l l  be 

faced  wi th  a p a r t i c u l a r l y  d i f f i c u l t  s i t u a t i o n ,  since t h e i r  l i m i t e d  resources  

w i l l  not  permit them t o  handle a long-term waste accumulation. Obviously, 

they  need both advice  and a s s i s t a n c e .  Regardless  OF t h e  outcome of t h e  

c u r r e n t  impasse on the d i sposa l  of mixed wastes, i t  seems assured  t h a t  

a d d i t i o n a l  r e s t r i c t i o n s  w i l l  be imposed on all LLRW genera tors  i n  t h e  next 

f e w  years ,  

1.2 RESEARCH AND DEVELOPMENT 

1.2.1 Is There Need f o r  Fur ther  REPD in t h e  LLRW F ie ld?  

There i s  c u r r e n t l y  a f a c t i o n  holding t h e  view t h a t  t h e r e  is  RO 

f u r t h e r  need f o r  R6D in the  LLRW area. A t  a recent  meeting, a DOE o f f i -  

c i a l  ( L L W  1985) was quoted as saying: 

e Waste t reatment  techniques are a v a i l a b l e  and cos t - e f f ec t ive ;  
UB Cor rec t ive  measures are known and adequate;  and 
Bb The foundat ion f o r  waste t reatment  models i s  adequate. 

Y e t ,  when t h e  r e a c t o r  ope ra to r s  were surveyed (see Volume 2 of t h i s  

r e p o r t  ) they l i s t e d  iiumerous problem areas and ind ica t ed  t h a t  much REPD w a s  

needed. These LLRW survey r e s u l t s  are b r i e f l y  summarized he re  (no 

p r i o r i t y  intended) .  

1 .  

2 .  

3. 

4 .  

5 .  

6 .  

7. 

8.  

9. 

10. 

S p e c i f i c  problem areas i d e n t t f i e d  in LLRW t rea tment  include:  

decontamination systems ; 

in-plant  s o l i d i f i c a t i o n  systems; 

exposure when us ing  s o l i d i f i c a t i o n ;  

evaporators; 

handl ing and d i sposa l  of  contaminated o i l y  wastes; 

s t a b i l i z a t i o n  of o i l  and o i l y  iimterial; 

handl ing and d i s p o s a l  o f  wet sludge;  

handl ing and d i s p o s a l  of contaminated organic  so lven t s ;  

€ i 1 t er ope r a t  i o  11 ; 

t r ave l ing  belt f i l t e r s  i n  radwaste systems; 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20, 

21. 

22. 

23. 

24. 
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filter disposal methods, especially liquid stream f i l t ers ;  

handling and disposal of low-level resin; 

sampling (e.g., spent resins); 

solidification of bead resin (10 CFR 61); 

resin activity measurement; 

removing contaminated sand and rubble from the system; 

cobalt and cesium removal from resins; 

handling and disposal of mercury; 

stability requirements of 10 CFR 61; 

burial of waste in 1986 and beyond; 

overall volume reduction; 

waste collection tanks; 

handling and disposal of liquid scfntillation fluids; and 

type and quantity of storage space needed. 

In addition, survey respondents made specific R&D recommendations for 

the development of methods for: 

1. 

2. 

3. 
4 .  

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

chemical decontamination of the full reactor cooling system; 

destroying chelates ; 

reducing and/or removing radionuclides before disposal (e.g., I4C) ; 
gamma-scanning of spent-resin storage tanks to determine whether 

solidification is necessary; 

treatment o f  sludge from waste collection tanks; 

efficient low-cost incfneration; 

efficient low-cost decontamination with minimal residues; 

removal of fines from liquid waste systems; 

regeneration of bead resin to -100% ion exchange capacity; 

developing resins with greater capacity; 

treating and disposing of o i ly  wastes; 

treating mercury for recovery o r  disposal; 

treating scintillation materials for  disposal; 

analyzing non-LSA (low-specific-activity) materials; 

packaging mechanical filter cartridges that exceed radiation of waste 

class "C" (> lo0  nCi TRU/g); 

efficient drying; 

developing mobile incineration services; 
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18. determining "de nimls" l e v e l s  f o r  release of o i l ,  rubble ,  sandP low- 

l e v e l  r e s i n ,  rad ionucl ides  and o t h e r  materials ; 

19. TKU low-level a n a l y s i s ;  

20. waste stream a n a l y s i s  (10 CFR 61);  

21. t r e a t i n g  w e t  s ludge;  

22. r e l i a b l e  uncomplicated in-plant  s o l i d i f i c a t i o n  systems wi th  low main- 

tenance; and 

23. economically f e a s i b l e  VR technologies ,  inc luding  methods app l i cab le  t o  

r e s i n s  a 

Although most of t h e  needs l i s t e d  above p e r t a i n  t o  t h e  t reatment  and 

process ing  of LLKW, R&D focused on t h e  u l t i m a t e  d i s p o s a l  of LLRW w a s  a l s o  

i d e n t i f i e d  as an  urgent  need by t h i s  i n v e s t i g a t i o n .  

For  example, EPRP has no t ,  i n  t h e  p a s t ,  emphasized t h e  development of 

LLRW d i sposa l  technology; however, they now agree t h a t  nuc lear  power 

generators need informatton on cu r ren t  developments i n  t h i s  area such as 

Compacts, new l e g i s l a t i o n ,  new s tandards ,  and e f f e c t s  of  t h e s e  on cu r ren t  

d i s p o s a l  technologies .  Ann EPRI  spokesman (R, A. Skaw, EPRI ,  L W  1985) 

who once be l ieved  "a1.L t h a t  we needed was a m u n i t i o n  f o r  u t i l i t i e s  t o  go 

t o  the states t o  convince them t h a t  shallow land b u r i a l  w a s  adequate ,"  has 

r e c e n t l y  s t a t e d  t h a t  " W e  w i l l  not be a b l e  t o  l i v e  wfth shallow Land b u r i a l  

i n  t h e  f u t u r e  . . . as t echno log i s t s  w e  had b e t t e r  g e t  movtng.'" 

Shaw's p o s i t i o n  i s  that shallow-land b u r i a l  (SLB) i s  adequate and a l l  

t h a t  is needed, but  t h e  inc reas ing  dominance of Soc iOpQl i t iCal  p re s su res  

w k l l  f o r c e  t h e  development of more acceptab le  a l t e r n a t i v e s .  This  means 

R&D i s  needed to des ign  engineered f e a t u r e s  wi th  guarantees  o f  performance 

accep tab le  t o  t h e  publ ic .  

Another EPRI r e p r e s e n t a t i v e  ( S .  A. Hobart, EPRI,  ORNL 1985) has iden- 

t i f  i e d  other d i s p o s a l  concerns : 

The requirements o f  the R ~ W  compact b u r i a l  sites are corn- 
p l e t e l y  unknown. Since s t a t e  p o l i t i c i a n s  w i l l  be involved,  i t  
i s  l i k e l y  they w i l l  be more s t r i n g e n t .  I n  what ways? What 
k inds  of paperwork w i l l  be requi red?  What waste forms? What 
advanced n o t i c e  of h - t r a n s i t  t racking?  How can we prepare  now 
when w e  do not know for what t o  prepare? New f e d e r a l  r egu la to ry  
concerns have a r i s en .  It coiild be argued t h a t  w e  caused those 
as a r e s u l t  of p u t t i n g  more r a d i o a c t i v i t y  i n  each conta iner .  So 
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now, how do we best identify the isotopes in that waste? Are 
scaling factors the answer? Are they in the best interest of 
either the utility or the public? How do w e  monitor and predict 
hydrogen generated from radiolytic degradation of organic 
materials, such as resins? More seriously, how do we make that 
waste form stable at the burial site over the long term? 

It is evident from our assessment that there is a definite need for 

R&D in the treatment and disposal of LLRW. 

1.2.2 What Treatment R&D is Needed? 

To answer this question, it is important to include input from 

experts in the field. Expressly for this purpose, a Workshop on LLRW 

Management was held in Arlington, Virginia, on August 28-21, 1985 (ORNL 

1985). Attendees were invited from all fields complementary to LLRW 

management, and results of that Workshop are presented in detail in 

Volume 4 of this report. Thomas and Kibbey ( O W  1985) have summarized 

conclusions of the Workshop with the following remarks: 

While some participants maintained that the required pro- 
cessing technology was in place and that LLRW problems are a 
purely sociopolitical problem, the majority agreed that there 
are significant data gaps and there is a definite need to put 
LLRW processing on a firmer scientific basis. At the same time, 
we believe all would agree that the problems are most definitely 
solvable with a straightforward commitment of the appropriate 
resources. The biggest need is for the industry to seize the 
initiative and abandon its current reactive posture. 

The LLRW R&D needs, as determined by those attending the Workshop and other 

peers in the field, are discussed by topic in the following sections. 

1.2.2.1 Sorting/Segregation and Decontamination 

Automatic Detection and Seoaration 

The most important needs identified in sorting/segregation are for 

1, reliable instrumentation to accurately detect radiation at very l o w  

levels, and 

2. a method of separating LLRW from nonradioactive material. 

Most of the present instrumentation cannot detect l o w  levels of 

radiation to "de minimis" levels. Many of the hand-operated devices used 

are unsuitable for automation. Special sorting and segregation instru- 

mentation and automated separation equipment will be needed to detect 
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RCitQrS wastes and seg rega te  them from r a d i o a c t i v e  materials and o t h e r  

material t h a t  can be disposed of i n  a municipal l a n d f i l l .  Processes  w i l l  

have t o  be developed t o  treat t h e  mtxed wastes t h a t  cannot be separa ted .  

Decontamfnation 

Decontamination al-mos t never meets des i r ed  performance cr i ter ia  and 

o f t e n  produces l a r g e  amounts of hazardous secondary materials. 

A l t e r n a t i v e  processes  for decontamination are needed which are s i m p l e r  

and produce less of t h e  undes i rab le  side-products.  Readily d isposable  

s o l v e n t s ,  b e t t e r  recyc l ing  methods, and b e t t e r  methods of s t a b i l i z i n g  and 

d i spos ing  of t h e  byproducts of decontamination are needed. It may be 

undes i r ab le  t o  decontaminate a r a d i o a c t i v e  waste i f  t h i s  w i l l  gene ra t e  

l a r g e r  q u a n t i t i e s  of a mixed waste r egu la t ed  under R C M .  Since most 

decontamination methods are designed f o r  h ighly  r ad ioac t ive  materials, new 

processes  need t o  be designed s p e c i f i c a l l y  f o r  LLRW. Many of t h e  unde- 

s i r a b l e  byproducts a r i s i n g  from t h e  more seve re  process  a p p l i c a t i o n s  may 

thus be el iminated.  This  area requ i r e s  some s e r i o u s  a c t i o n  now, before 

many of t h e  large-scale commercial nuc lear  r e a c t o r s  have t o  be decom- 

missioned (EPRI 1985). 

Packaging 

Af te r  s o r t i n g ,  segrega t ion ,  and/or decontaminatlon, t h e  LLRW materl- 

a ls  ~ m s t  be e f f i c i e n t l y  packed i n t o  conta iners  t h a t  p reserve  t h e  r e s u l t i n g  

volume decrease.  Research f a  needed t o  determlne t h e  b e s t  con ta ine r  types  

an3 shapes f o r  packaging s p e c i f i c  waste materials. There i s  a l s o  a need 

for research on methods f o r  determining t h e  l i f e  expectancy of LLRW con- 

t a i n e r s .  The u s e f u l  l i f e  of s to rage  con ta ine r s  i s  o f t e n  determi.ned a f t e r  

t h e  f a c t  because t h e r e  i s  no accu ra t e  p r e d i c t i o n  method. Such research  

would a l s o  al low savings through designing f u t u r e  con ta tne r s  t o  b e t t e r  f i t  

t h e  usage; a t  p re sen t ,  a heavier  conta iner  than is a c t u a l l y  needed way be 

used "'gust t o  be safe." '  Improving t h e  des ign  o f  con ta ine r s  f o r  longer-term 

s t o r a g e  requirements wau1.d a l s o  inc rease  publ ic  confidence.  

1.2-2.2 Liquid Streams 

P u r i f i c a t i o n  of Waste Streams t o  Permit Recycling 

-- 

An important area needing R&D is  t h e  p u r i f i c a t i o n  of var ious  waste 

stream t o  permit recyc l ing .  Four s p e c i f i c  researeh  areas should be 

addressed. 
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Radionucl ide-specif ic  concen t r a t ion  processes  are needed t o  produce a 

"clean" stream s u i t a b l e  for r ecyc l ing  and a concentrated stream with 

f a r  less material f o r  d i sposa l .  There are s i g n i f i c a n t  concerns I n  

t h e  areas of q u a l i t y  c o n t r o l  of materials, hydrogen gene ra t ion ,  t h e  

a p p l i c a b i l i t y  of t h i s  approach t o  streams having high economic value 

( such  as r e a c t o r  c o o l a n t ) ,  and i t s  c o m p a t i b i l i t y  w i th  c u r r e n t  

s o l i d i f i c a t i o n  media and long-term d i s p o s a l  criteria. 

A n a l y t i c a l  procedures and equipment are needed t o  enab le  r ap id  

a c c u r a t e  measurement of trace contaminants i n  process  and waste 

streams. These would be of economic b e n e f i t  by al lowing waste 

g e n e r a t o r s  t o  determine when a stream needs t o  be t r e a t e d  and when 

i t  is  of s u i t a b l e  p u r i t y  f o r  r e c y c l e  o r  discharge.  

E f f e c t s  of process  improvements on t h e  o v e r a l l  o p e r a t i o n  of p u r i f i c a -  

t i o n  equipment should be q u a n t i f i e d .  For i n s t a n c e ,  upstream u n i t  

o p e r a t i o n s  t h a t  a f f e c t  p a r t i c l e  d i s p e r s i o n  and i o n i c  a s s o c i a t i o n  w i l l  

have a very l a r g e  e f f e c t  on t h e  ope ra t ion  of h y p e r f i l t e r s  and i o n  

exchange media. 

synergism t o  improve t o t a l  system performance and t o  reduce cos t s .  

Fundamental chemistry of t h e  va r ious  l i q u i d  streams should be 

i n v e s t i g a t e d .  The l a c k  of a c c u r a t e  chemical information has r e s u l t e d  

i n  misapp l i ca t ion  of e x i s t i n g  technology, poor long-term performance, 

and h ighe r  c o s t s .  

There i s  a need t o  i d e n t i f y  and q u a n t i f y  t h i s  

Removal of w a t e r  f o r  f i n a l  waste d i s p o s a l  

The amount of water in f i n a l  waste f o m  such as g r o u t s ,  g l a s s e s ,  and 

polymers i n  sea l ed  drums o r  h i g h - i n t e g r i t y  con ta ine r s  (HICs) must be 

c l o s e l y  c o n t r o l l e d  i f  t h e  f i n a l  product i s  t o  have t h e  long-term s t a b i l i t y  

r equ i r ed  by r e g u l a t o r s .  

areas : 

Research is  p a r t i c u l a r l y  needed i n  t h e  fol lowing 

1. me e € f e c t s  of water on long-term waste s t a b i l i t y  are not w e l l  

understood. What i s  needed is  a s c i e n t i f i c  b a s i s  f o r  deciding how 

much water i s  a p p r o p r i a t e  f o r  optimum long-term performance. 

Information i s  needed, f o r  example, concerning t h e  e f f e c t s  of water 

on gas gene ra t ion ,  i n t e g r i t y  of t h e  monolith, freeze-thaw r e s i s t a n c e ,  

and l e a c h a b i l i t y  performance. The freeze-thaw r e s i s t a n c e  w i l l  become 

even more important as t h e  t r end  towards long-term aboveground 

s t o r a g e  develops. 
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2. The fiindamental chemtstry of f i n a l  waste form development i s  needed 

t o  support  waste b u r t a l  s i t e  r e g u l a t o r s  and ope ra to r s  i n  developing 

appropr i a t e  r e s t r i c t i o n s  and i n  bes t  u t i l i z i n g  t h e  e x i s t i n g  

requirements.  In  some cases t h e r e  i s  cons iderable  doubt whether t h e  

requirements  are actinally r e l a t e d  t o  t h e  d i sposa l  needs. The l a t te r  

are o f t e n  not  known, and over - regula t ion  i s  necessary t o  avoid 

embarrassing e r r o r s .  Understanding t h e  fundamental chemistry of t h e  

f i n a l  waste form would al low r e p l a t o r s  t o  d i c t a t e  more reasonable  

requtrements, t h e  ope ra to r s  t o  des ign  more cos t - e f f ec t ive  d i s p o s a l  

s i tes ,  and the  publ ic  t o  have more confidence i n  t h e  whole process  of 

LLRW d i s p o s a l  I 

3. The pol icy  on the  d i sposa l  of i on  exchange r e s i n  i s  an example of an 

area where fundamental c h e d s t r y  research  could make a s i g n i f i c a n t  

d i f f e rence .  The present  po l i cy  is not  founded on accu ra t e  s c i e n t i f i c  

da t a .  Information i s  p a r t i c u l a r l y  needed i n  t h e  fol lowing areas :  

( a )  long-term s t a b i l i t y  or degrada t ion  OP r e s i n s ,  

(b)  e f f e c t s  of water  on biodegradat ion,  

( c )  t h e  n e c e s s i t y  of high-eff ic iency dehydrat ion of r e s i n s ,  

( d )  nondes t ruc t ive  v e r i f i c a t i o n  procedures f o r  determining t h e  water 

conten t  of packaged r e s i n s ,  

( e )  long-term compa t tb i l i t y  of H I C  materials w i t h  r e s i n s ,  and 

( f )  a f i r m  chemical data base t o  s ~ i p g ~ r t  t h e  des ign  of advanced r e s i n  

d ry ing  systems and t h e i r  i n t e g r a t i o n  with s o l i d i f i c a t i o n  systems. 

4. Process  improvements through systems a n a l y s i s  may r e s u l t  i n  important  

changes i n  w a s t e  management. General ly ,  t h e  waste management pro- 

cesses are considered s e p a r a t e l y ,  not  as parts of an i n t e g r a t e d  

system. I n t e g r a t i o n  of technology would he lp  achieve the goa l  of more 

e f f i c i e n t  and cos t - e f f ec t ive  w a s t e  management systems a To accomplish 

t h i s ,  t he  f o ~ l o w i n g  w i l l  be reqnlred:  

( a )  development of a chemical and engineer ing  b a s i s  f o r  s e l e c t i n g  

appropr i a t e  technologies  ; 

( b )  examination of e x i s t i n g  technology f o r  a p p l i c a b i l i t y  and 

a d a p t a b i l i t y ;  

( c )  s t u d i e s  and tests needed t o  proper ly  develop new equipment and 

procedures;  
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(d) definition of the desired end product (e.&., streams suitable for 

recycle, resource recovery, or direct discharge); 

(e) products more acceptable for long-term storage or disposal; and 

( f )  cooperatfve development and sharing of information resources among 

the federal government, utilities, industrial and institutional 

LLRW generators, and equipment vendors. 

1.2.2.3. Physical, Chemical, Thermal, and Biological Treatments 

There is limited use of the large number of physical, chemical, ther- 

mal, and biological (PCTB) treatment technologies that are available. This 

is partitally because, in the past, plenty of disposal space was available 

at reasonable prices. As burial space has become limited and more expen- 

sive the response has been to Increase use of simple "low technology" 

fixes such as sorting and compacting. 

very recent interest in incineration, which is just developlng in 

some areas.) Many prodsing PCTB technologies such as acid 

digestion, wet-air oxidation, vitrification, smelting, electrolytic 

processes, oxidation-reduction, and liquid-liquid extraction (Rodgers 

et al. 1985) have largely been ignored for handling of LLRW. 

(The exception to this is the 

PCTB application studies 

There is a need f o r  a thorough study to identify areas where the PCTB 

processes can be effectively utilized in LLRW management. While the waste 

generators are skeptical of the additional complexity, expense, and capital 

expenditures necessary to implement new technologies, the potential savings 

are too great to ignore these new resources. After applicability studies 

identify the most promising technologies, an R&D program should be insti- 

tuted to develop the best applications to fit the particular LLRW generator 

situations . 
Ion exchange 

Ion exchange is the most widely used of the PCTB processes currently 

employed by the LLRW generators. Research and development are needed on: 

1. pretreatment of liquid waste streams (i.e., more control of 

the contaminants introduced in the feed water); 

2. improvement of the ion exchange resins {i.e., higher-capacity 

materials); 

3. development of split-stream processing concepts; 
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4 .  improvement of capac i ty  f o r  mtxed wastes t h a t  con ta in  hazardous 

chemicals;  

5 .  r egene ra t ion  of r e s i n s  ( r egene ra t ion  may create more LLRW volume, 

but  i t  may a l s o  s impl i fy  u l t i m a t e  r e s i n  d i s p o s a l ) ;  

6 .  s o l i d i f i c a t i o n  of ion  exchange materials i n  prepa ra t ton  f o r  f i n a l  

d i s p o s a l ;  

7. d i s p o s a l  of H I C s  a f t e r  dewatering (e.g.> co-conta iner iza t ion  

w i t h  f f l t e r  c a r t r i d g e s ,  e t c . ) ;  and 

8. development of methods f o r  reducing t h e  volume of the  spent  

r e s i n s  (e.g., microwave hea t ing  t o  reduce volume). 

Diges t ion  

The d i g e s t i o n  process  has  been g r e a t l y  s i m p l i f i e d  and can now be done 

remotely wi th  no moving p a r t s .  A wide v a r i e t y  of waste streams can be 

handled inc luding  r e s i n s ,  combustihle s o l i d s ,  s ludges ,  and some hazardous 

chemicals.  These a p p l i c a t i o n s  should be explored i n  a f e a s i b i l i t y  s tudy 

on ac id  d i g e s t i o n  f o r  LLRW. The economics have been def ined  f o r  numerous 

a p p l i c a t i o n s ,  and usefu lness  of t h e  process has been demonstrated s a t i s f a c -  

t o r i l y  f o r  TRU wastes and some r e s i n s .  Despi te  t h e s e  p o s i t i v e  a s p e c t s ,  no 

u t l l i t y  has inves ted  i n  a d i g e s t i o n  u n i t  f o r  t rea tment  of an LLRW stream. 

An a p p l i c a t l o n  t h a t  d e € i n i t e l y  needs R&D i s  she  use of ac id  d-Fgestion f o r  

process ing  spen t  i on  exchange r e s i n s .  I f  t h e  a p p l i c a t i o n  proves t o  be 

f e a s i b l e ,  perhaps a po r t ab le  u n i t  could be developed, wi th  t h e  a c i d  

d i g e s t i o n  r e s idue  to be s o l i d i f i e d  i n  glass. 

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

I n c i n e r a t i o n  i s  now being considered by a number of f a c i l i t i e s  

because of i t s  v e r s a t i l i t y  and t h e  very l a r g e  volume reduct ions  t h a t  can be 

achieved.  However, because of a l ack  of subs t an t ive  d a t a  f o r  i n c i n e r a t i o n ,  

t h e  conserva t ive  LLRW genera tors  have been s l o w  t o  adopt t h i s  promising 

technology. This  i s  an area where some a s s i s t a n c e  by f e d e r a l  organiza- 

t i o n s ,  such as t h e  DOE, could make an immediate impact, Research and devel -  

opment s t u d i e s  are needed to: 

1. Determine t h e  cos t  e f f e c t i v e n e s s  of var ious  opt ions  f o r  s tandard  

i n c i n e r a t o r  designs and use pa t t e rns .  Current  op t ions  include:  

s m a l l  i n c i n e r a t o r s  f o r  s p e c i f i c  use a t  a genera t ing  s i t e ;  inc in-  

e r a t o r s  for m i l t t p l e  use a t  a genera t ing  s i t e ;  i n c i n e r a t o r s  f o r  
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regional use ( e . g . ,  a Compact); incinerator located at disposal 

facilities. 

2. Determine the waste materials for which incineration is appli- 

cable, with particular emphasis on its applicability for mixed 

wastes . 
3.  Examine methods of processing and separating waste streams 

within the generator scheme to produce feed for the incinerator. 

4. Examine various off-gas treatment systems for LLRW incinerators, 

particularly for the resulting off-gas scrub solution. 

5 .  Determine maintenance procedures that would ensure safe radia- 

tion levels for personnel. Also, look at methods for simplifying 

maintenance operations, perhaps through more automation and use 

of robotic, remote-controlled devices. 

6 .  Examine means €or fixing the resulting ash from incineration of 

LLRW for final disposal. This is one of the primary concerns when 

incineration of LLRW is considered. Satisfactory solution of this 

problem would result in much wider acceptance of the technology. 

7. Conduct a research study to determine the type of incinerator best 

suited for use by major LLRW generators such as commercial utili- 

ties. After this determination, a "package" unit could be 

designed from developed standards that would lower costs and 

simplify incinerator operation for this particular application. 

Following this, the same types of studies could be done for other 

industrial and lnstitutional LLRW generators. 

8 .  Determine the feasibility of mobile LLRW incinerators operated by 

subcontractors. This option would relieve utilities of the 

operating duties as well as the capital investment. Also,  

operating and capital costs for incineration could probably be 

significantly lowered if the utilities invested in central incin- 

eration sites. A study to determine the best options is needed. 

One utility is currently experimenting with the mobile incinerator 

idea. Commonwealth Edison contracted with Aerojet (Aerojet 1979) 
to develop a mobFle incinerator after they had determfned thar 

the use of mobile incinerators would lower capital investment 

costs (LLWMP 1985). The single incinerator can be moved to each 

facility as needed, rather than building smaller incinerators at 
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each p l an t  and having them remain i d l e  f o r  cons iderable  per iods.  

I n c i n e r a t a r  s i t i n g  problems are a l s o  avoided. 

O x i d a t i o n / b d u c t i o n  

Appl ica t ions  of th:ls techizralogy are not r e a d i l y  apparent ,  but  the 

p o t e n t i a l  i s  there .  A project: should be i n s t i t u t e d  t o  examine p o s s i b l e  

a p p l i c a t i o n s  of oxida t ion / reduct ion .  

t i o n  would be t h e  t reatment  of r e s i n s  w i t h  hydrogen peroxide t o  convert  

them t o  a l i q u i d  form that could then be reduced i n  volume by evapora t ion  

be fo re  r e s o l i d i f i c a t i o n .  

An i n i t i a l  candida te  f o r  i nves t iga -  

1.2.2.4 

Volume Reduction 

Mechanical -.__ Treatment of LLRW 

-- 
This  mechanical t reatment  process has been t h e  f o c a l  po in t  f o r  LLRW 

gene ra to r s  during the  recent  p a s t  (EYXI  1984b; IJSNRC 1981). In a d d i t i o n  

t o  i n t e r n a l  sav ings ,  volume reduct ion  r e s u l t s  in a s f g n i f i c a n t  savings on 

disposal c o s t s -  Also, r egu la t ions  now being formulated ( e4&. )  amendments 

t o  t h e  LLRW Pol icy  A c t  of 1980 and the pre l iminary  Compact r e g u l a t i o n s )  

are almost c e r t a i n  t o  r e q u i r e  some volume reduct ion.  abthorigh the volume 

reduct ions  achieved thus far have not been l a r g e ,  they have had some 

e f f e c t  on t h e  t o t a l  LLRW volume needing d i s p a s a l ,  This i s  r e f l e c t e d  i n  

t h e  followtrig remarks by burial-grotlnd ope ra to r  Arvin Crase, of  U.S. 

Ecology (ORML 19851, a t  the Workshop on LLRW management: 

The na t ion ’ s  waste volume peaked a t  approximately 4 m i l l i o n  
f t 3  a l i t t l e  over 3 years  ago, and s i n c e  that  t i m e  it has  
decreased. S t a t i s t i c a l l y ,  t h e r e  i s  very little d i f f e r e n c e  be- 
tween the waste volume generated i n  ‘$3 vs  ‘ 84 .  We a t  U.S. 
Ecol.ngy believe t h a t  volume reduct ion  and o t h e r  techniques t o  
reduce the amount of waste de l ive red  t o  t h e  b u r i a l  sites i s  o f f -  
s e t t i n g  t h e  growth ( i n  new p l a n t s )  . . . we see a real growth o f  
about 3% a year.  

Some o the r  comments on volume seduct ion  t h a t  were made a t  ehe 

Workshop inc lude  t h e  following: 

WE? have been working toward volume ~edluc t ion  for 5 t o  h 
years, and w e  are making some ga ins  i n  t h a t  area. To pub l i c ly  
s a y ,  as an indus t ry ,  t h a t  we don‘t need volume. reduct ion iinprove- 
ments is i r r e s p o n s i b l e  (Joe Maiden, Alabama Power Co., OWL 1985). 



It seems t o  me t h a t  t h e  two prime f u t u r e  R&D e f f o r t s  i n  t h e  
next  5 t o  10 yea r s  should be sou rce  e l i m i n a t i o n  and a n a l y s i s  of 
d i s p o s a l  s i t e  economics (Gary Benda, Chem-Nuclear Systems, 0% 
1985) 

Compacting, S i z ing ,  Dismantlement, and F i l t r a t i o n  

These are among t h e  most-used mechanical t reatment  techniques of t h e  

LLRW g e n e r a t o r s  because of t h e i r  s i m p l i c i t y  and low c a p i t a l  c o s t s  (EPRI 

1980). However, LLRW gene ra to r s  g e n e r a l l y  t a k e  what t h e  vendors o f f e r  

r a t h e r  t han  designing a system €or  t h e i r  p a r t i c u l a r  a p p l i c a t i o n .  

t h e  vendor o f f e r i n g s  are f a r  from i d e a l .  There are a number of mechanical 

t r ea tmen t  areas where t h e  LLRW gene ra to r s  could b e n e f i t  from R&D programs. 

These are discussed below. 

Often 

Low-pressure in-drum compaction. This  would be u s e f u l  as a technique 

for  gene ra to r s  who have l i t t l e  need f o r  waste t reatment .  

s imple and should be l e f t  t o  t h e  vendors t o  develop,  a l though some 

encouragement t o  t h e  vendors t o  improve methods of in-drum compaction 

would be u s e f u l .  

This  method is 

Bal ing.  Bal ing is  not  widely used, but  it could make a s i g n i f i c a n t  

Baling should be designed t o  c o n t r i b u t i o n  t o  LLRW i f  p rope r ly  designed. 

accomplish both compaction and package preparat ion.  The material should 

be t i g h t l y  compacted and then  f i t t e d  t o  a package s u i t a b l e  f o r  s t o r i n g ,  

t r a n s p o r t i n g ,  o r  f i n a l  d i sposa l .  One of t h e  advantages t o  t h i s  procedure 

is t h e  f l e x i b i l i t y  t o  produce f i n a l  forms t h a t  optimize space a l l o c a t i o n s .  

Supercompaction. This technique is developed t o  t h e  po in t  t h a t  

t h e o r e t i c a l  d e n s i t i e s  are being approached. However, important ga ins  can 

s t i l l  be made by developing machines wi th  t h e  c a p a b i l i t y  t o  produce 

geometr ic  shapes t h a t  w i l l  b e t t e r  u t i l i z e  t h e  s t o r a g e  space by more e f f i -  

c i e n t  packing. 

Another a spec t  of supercornpaction t h a t  has not  been f u l l y  explored i s  

r h e  p o s s i b i l i t y  t h a t  the. waste immobili ty achieved through supercompaction 

may have a b e n e f i c i a l  e f f e c t  on dec reas ing  mob i l i t y  of r ad ionuc l ides  and 

o t h e r  chemical c o n s t i t u e n t s  i n  d i s p o s a l  by l a n d  b u r i a l .  Methods f o r  

i n c r e a s i n g  t h e  e f f i c i e n c y  of t h i s  p r a c t i c e  should be t h e  s u b j e c t  of B&D 

s t u d i e s  . 
Sizing.  Large p o t e n t i a l  ga ins  i n  e f f i c i e n c y  of LLRW management may 

be p o s s i b l e  through s i z i n g .  The o b j e c t  i s  t o  reduce w a s t e  volume by such 
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methods as c u t t i n g ,  shear ing ,  sawing, and shredding,  which would allow 

more waste materiabs t o  be placed i n  a s h i p p i x g  conta iner .  A number o f  

ded i  eat ed sys  t emt €or ruechantcal. voltrime reduct ion  are cwre  t i t .  ly being 

used ,  but  t h e  e f f i c i e n c y ,  i n  gene ra l ,  i s  not very high. The c u r r e n t l y  

used wchniques should be reviewed and assessed  f o r  p o s s i b l e  improvements 

i n  e f f i c i e n c y ,  incl-niding t o o l i n g  ar id  remote control.  a p p l i c a t i o n s  Other ,  

more advanced techniques (acch as plasma-arc Cechnology and hydro lasers  1 
should be supported f o r  Eurt 'nsr development s i n c e  they are promising tech- 

nologle-a f o r  f u t u r e  use  i n  decommissioning operatians.  

J?i sman t 1 ing  / D e  c o d  s s i an E ng . D L s  ant 1 i crg / d e c o m i  s s i on  i ng tech- 

inologdes are poorly developed at p r e s e n t  because t h e  number of a p p l i c a -  

tions has been s m a l l .  This s i t r i a t ion  will change i n  the near f u t u r e  as 

t h e  o lde r  nuc lear  power pl.ants and o the r  fue l -cys le  f a c i l i t i e s  are decom- 

missioned. I n  f a c t ,  dur ing  the Workshop on LLRW Manrmge~ent, t h i s  was 

i d e n t i f i e d  as a potent ia l .  f u t u r e  problem area, Lt i s  a n t t c l p a t e d  t h a t  

both the technologies t o  he used and the LLRW materials gc::nera.ted by t h ~ e  

a c t i v i t i e s  will be sigsa.Lficantly d i f f e r e n t  from those of t h e  p re sen t ,  and 

new approaches w i l l  be required.  F i r s t ,  a s tudy  should be c a r r i e d  out  t o  

determine t h e  ex ten t  of dismEpmtl,:l,ng/d~co~.ssi.i,k23.ng t o  be expected i n  the 

fu tu re .  This  e f f o r t  should forecast. the types  of materia1.s t o  be d i s -  

mantl.ed, t r e a t e d ,  and t ranspor ted  f o r  disposal..  It should a l so  i d e n t i f y  

d ismant l ing  l o g i s  tics and the necessary associated t echnologies ,  both 

existlog and needed. Next, a concerted,  several-year e f f o r t  should be 

i n i t i a t e d  to improve the  e x i s t i ~ a g  technologies  and to develop and 

demonstrate new ones by the "L.iml". tht?.y are needed, 

This  i s  a case  where w e  can p r e d i c t ,  due t o  planned nuc lear  p l an t  

obsolescenceP t h a t  i3 s i g n i f i c a n t  f u t u r e  e f f o r t  w F L l  be requi red  i f  the 

d e c o d s s i o n i n g  i s  t o  be done - L n  a cos t - e f f ec t ive  iiiannes. Since i n d u s t q  

i s  r e l u c t a n t  t o  carry out  this t y p e  o f  long- tcm R&D 2ffort ,  a s i g n i f i c a n t  

f e d e r a l  r o l e  will be iiccded. H~wever, the  time fraffie r equ i r e s  that t h i s  

effort: should not  be dK!!ayg.d, i f  t he  information i s  t o  be m d e  a v a i l a b l e  

when needed. 

-.- R e m o t e  handl ing technology. There  is a meed for  s i m p l e ,  inexpensive,  

remote hana l ing / robo t i c  technologi es f o r  t a s k s  Cn high-rad ia t ion  work 

areas" A long-range c f f o r t  co develop such technologies, w i t h  an 

assessment of the p o t e n t i a l  f o r  dose reduct ian t o  p l an t  operators ,  should 
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be i n s t i t u t e d  i n  a long-range coordinated e f f o r t .  Emphasis should be 

placed on developments of a g e n e r i c  n a t u r e  t h a t  can be i n t e g r a t e d  i n t o  

v a r i o u s  devices  t o  be manufactured by vendors. Because of t h e  long-term, 

comprehensive n a t u r e  of t h i s  p r o j e c t ,  i t  i s  a cand ida te  f o r  government 

funding. An e f f o r t  of t h i s  kind suppor t s  not only t h e  LLRW gene ra to r s  but 

also t h e  equipment manufacturers,  by providing g e n e r i c  R&D they cannot 

a f f o r d  o r  w i l l  not  do f o r  var ious reasons. 

F i l t r a t i o n .  This is an o ld  and accepted method of removing 

materials from contaminated streams. However, streams con ta in ing  radioac- 

t i v e  material p re sen t  new problems t h a t ,  €or  t h e  most p a r t ,  are s t l l l  

unsolved, For example, RSD is  needed t o  determine t h e  most s u i t a b l e  

f i l t e r  media f o r  p a r t i c u l a r  r a d i o a c t i v e  s p e c i e s ;  t o  develop methods f o r  

s a f e l y  r e p l a c i n g  t h e  used (now r a d i o a c t i v e )  f i l t e r s ;  t o  remove accumulated 

r a d i o a c t i v e  materials, and t o  determine f a c t o r s  a f f e c t i n g  f i l t e r  opera- 

t o r s .  F i l t r a t i o n  methods could be made more e f f i c i e n t  and more u s e f u l  t o  

LLRW g e n e r a t o r s  if R&D could answer some of t h e s e  quest ions.  

1.2.2.5 Generic Developments Needed t o  Support All Waste Treatment Areas 

C e r t a i n  s t u d i e s  are needed t o  support  a l l  a s p e c t s  of LLRW management. 

‘In t h i s  category,  t h e  ones most mentioned by p a r t i c i p a n t s  i n  LLRW 

meetings during 1984-1985, and i n  t h e  d i r e c t  c o n t a c t s  made by t h e  

assessment s t a f f ,  were modeling, monitoring and a n a l y s i s ,  information 

t r a n s f e r ,  s o c i o p o l i t l c a l  i s s u e  r e s o l u t i o n ,  and cos t ing .  I n  some cases, 

p a r t i c u l a r  a s p e c t s  of t h e s e  were mentioned w i t h i n  t h e  a p p r o p r i a t e  pre- 

ceding s e c t i o n s .  Other a s p e c t s  of such s t u d i e s  w i l l  be d i scussed  here. 

Modeling 

Modeling i s  accomplished i n  t h r e e  s t a g e s .  F i r s t ,  t h e  i n p u t s  t o  t h e  

models are developed. These i n p u t s  are u s u a l l y  fundamental parameters 

d e s c r i b i n g  t h e  behavior of waste materials and o f t e n  are generated by 

s t u d i e s  designed e s p e c i a l l y  f o r  models. Second, computer code develop- 

ments are formulated to manipulate t h e  i n p u t  d a t a  and g i v e  u s e f u l  output.  

Th i rd ,  t h e  ou tpu t s  a te  v e r i f i e d  by comparison wi th  “ rea lD‘  d a t a  under iden- 

t i c a l  circumstances.  

Input  needs i d e n t i f i e d  are : 

1. Better hydrogeological  information. This  i nc ludes  improving the 

d e l i n e a t i o n  of t h e  water table,  t r a c k i n g  f l o w  p a t t e r n s  of underground 

a q u i f e r s ,  and determining i n t e r a c t i o n  of waste materials wi th  water. 
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2, 

3. 

4 .  

1 .  

2, 

3. 

Spectes- t racking i n f o m a t i o n .  Research i s  needed t o  i d e n t i f y  

n a t u r a l l y  occuring l igands  which can i n c r e a s e  t sansf  er rates up t o  

1000 t i m e s  and t o  determine r e t e n t i o n  c h a r a c t e r i s t i c s  of s o i l .  

Standard1 z a t i o n  of input  forinat. 

Enforination on s i t e  leakage f a c t o r s .  

Code development needs i d e n t i f i e d  were: 

s e n s i t i v i t y  ana lyses  (should ba given p r i o r i t y ) ;  

modeltng over  the P u l l  range ( i s e e 9  concept ion,  development, ca l ib ra -  

t i o n ,  and v a l i d a t i o n ) ;  and 

three-dimensional t r a n s p o r t  codes (have been needed €o r  10 years  but  

have not  been supported) .  

Va l ida t ion  needs were a lso  i d e n t i f l e d .  Real d a t a  must be developed 

s p e c i f i c a l l y  t u  v a l i d a t e  new naardels. The d a t a  should be from real 

ope ra t ing  systems o r  from demonstration-scale opera t ions .  

- Manitori.ng and Analysis -- 
We need t o  l e a r n  how t o  monJ.tar with  minimum manpower through more 

automation. Chemical species ana lyses  are needed € o r  a l l  t h e  RCRA 

materials that are mtxed with t h e  r a d i o a c t i v e  materials. Better methods 

are. needed f o r  spec ie s  ana lyses  on r ad ioac t ive  materials, p a r t i c u l a r l y  

when they are mixed with o the r  complicated materials. Better methods of 

r a d i a t i o n  d e t e c t i o n  are. needed, e s p e c i a l l y  f o r  low l e v e l s  and f o r  detec-  

t i o n  through var ious  types of conta iners .  

Znforination Transfer  

There is a s e r i o u s  need f o r  t h e  DOE, NRC, USGS, u n i v e r s i t i e s ,  Carps 

of Engineers ,  and o t h e r s  i n  t h i s  f i e l d  t o  work toge ther  on a t e c h n i c a l  

l e v e l .  Since no single organ iza t ion  has t h e  obvious l eade r sh ip  r o l e  i n  

t h i s ,  DOE o r  some o t h e r  agency must assume that: ro l e .  Information 

exchange i s  needed i n  s e v e r a l  areas, such as sol . idifying agents .  

We should a l s o  cont inue t o  improve LLRW surveys.  They are par- 

t i c u l a r l y  u s e f u l  t o  the Compacts during t h i s  formative per iod.  The DOE 

r e sea rch ,  i n  p a r t i c u l a r ,  m y  be charac te r ized  as “hidden i n  government 

r epor t s .  ’’ Perhaps DOE should i n s t i t u t e  a LERW jouriaal ,  pa t t e rned  a f t e r  t h e  

s u c c e s s f u l  j ou rna l  produced by EPBI, t o  i n c r e a s e  technology t r a n s f e r  i n  t h e  

area. A DOE r e p o r t s  abstract  d i s t r i b u t i o n  s e r v i c e  i s  a l s o  needed f o r  

d i s t r i b u t f o n  t o  those  who have prcvioiisly i n d i c a t e d  i n t e r e s t  i n  t h e  sub- 

ject matter .  The l i s t  should be updated on a r e g u l a r  bas i s .  
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Coordinat ion of a l l  LLRW information systems is g r e a t l y  needed. Large 

amounts of information have been generated by i n d i v i d u a l  agencies ,  bu t  

t h e r e  is  no c e n t r a l  c l e a r i n g  house and d i s t r i b u t i o n  cen te r .  Such develop- 

ment would be extremely u s e f u l  t o  a l l  workers i n  LLRW management areas. 

S o c i o p o l i t i c a l  In f luences  

This  area was of concern t o  n e a r l y  a l l  p a r t i c i p a n t s  i n  t h e  LLRW 

meetings a t t ended  and sponsored by t h e  assessment s t a f f .  There was  a very 

d e f i n i t e  expres s ion  of f r u s t r a t i o n  due t o  t h e  f e e l i n g  t h a t  no matter what 

w a s  done t e c h n i c a l l y ,  i t  would not be s u f f i c i e n t  because of unsolved 

s o c i o p o l i t i c a l  problems. The consensus seems t o  be t h a t  technology alone 

cannot s o l v e  t h e  LLRW problems, s i n c e  t echno log ica l  development work must 

be done w i t h i n  t h e s e  s t r o n g  s o c i o p o l i t i c a l  c o n s t r a i n t s .  The real 

cha l l enge  t o  t e c h n o l o g i s t s  i s  t o  succeed i n  developing accep tab le  tech- 

nology w i t h i n  t h i s  r a t h e r  nega t ive  atmosphere. 

The t e c h n o l o g i s t s  i n  t h e  LLRW f i e l d  have suggested no s o l u t i o n s  t o  

t h i s  problem b u t ,  n e a r l y  unlformly, they f e e l  t h a t  t h e r e  is  a need t o  s t i m -  

u l a t e  p o s i t i v e  p u b l i c  involvement. Forums, r a t h e r  than computer p r i n t -  

o u t s ,  are needed. A concerted p u b l i c  r e l a t i o n s  e f f o r t  by the a p p r o p r i a t e  

f e d e r a l  agencies  could make a d i f f e r e n c e  i n  t h e  p u b l i c ' s  acceptance of 

waste management technologies .  

1.2.3 What Disposal R&D i s  Needed? 

The states are faced with t h e  establ ishment  of s e v e r a l  new d i s p o s a l  

sites i n  t h e  near  f u t u r e  i f  they are to  comply wi th  t h e  impending Compact 

l e g i s l a t i o n .  A t  most forums where LLRW d i s p o s a l  w a s  discussed i n  t h e  

r ecen t  p a s t ,  t h e  p a r t i c i p a n t s  were g e n e r a l l y  nega t ive  about t h e  s t a t u s  of 

p r e s e n t  LLRW d i s p o s a l  s i t e  technology. Seldom w a s  t h e r e  agreement t h a t  

s i t e  hydrogeology i s  adequately known o r  assurances that  s i g n i f i c a n t  

problems would not  develop i n  t h e  d i s t a n t  f u t u r e  when a s i t e  is closed. 

These d i s c u s s i o n s  concluded t h a t  a new f u t u r e  LLRW d i s p o s a l  s i t e  should 

no t  be b u i l t  i n  t h e  same way a6 t h e  c u r r e n t l y  e x i s t i n g  ones. A need w a s  

recognized f o r  a s i g n i f i c a n t  e f f o r t  t o  develop b e t t e r  b u r i a l  ground tech- 

no log ie s  and p r a c t i c e s .  

It was pofnted out  t h a t  p re sen t  des ign  and c o n s t r u c t i o n  cri teria f o r  

a si te  i n  an a r i d  r eg ion  such as Richland, Washington, are e s s e n t i a l l y  t h e  

same as for one i n  a high-moisture  l o c a t i o n  such as Barnwell, South 
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Carol ina ,  Conmcpn sense  d i c t a t e s  t h a t  requirements f o r  p r o t e c t i n g  pub l i c  

h e a l t h  and s a f e t y  would be somewhat d i f f e r e n t  a t  each of t h e s e  sites. 

Most probably,  t h e  reason they are now s o  similar i s  the l ack  of knowledge 

about  b u r i a l  ground technology. 

Sf knowledge o f  t h e  underground condi t ions  were s u f f i c i e n t ,  t h e  € i n a l  

waste %lorrme disposed of at a b u r i a l  s i t e  could be noodified t o  s u i t  t h a t  

l oca t ion .  Many of t h e  s t r i n g e n t  requirements a s soc ia t ed  wi th  very w e t  

e a s t e r n  sites could be re laxed  f o r  d e s e r t  s i tes ,  poss ib ly  a t  cons iderable  

s a v i n g s .  R. E. I saacson ,  r e p r e s e n t a t i v e  oE Rockwell' 8 Hanf ord Operations 

in Richlaad, Washington, had t h e  fol1owiiig t o  s a y  on t h e  sub jec t  (ORNL 

19SS) : 

1 t h ink ,  i n  suminary, 1. am s t i l l  saying t h a t  we do not ye t  know 
enough about t h e  behaviour of moisture  i n  t h e  s o i l s  and how i t  
t r a n s p o r t s  waste from our b u r i a l  sites. I th ink  t h i s  i s  going 
t o  be a very important f a c t o r  when w e  s tart  s e l e c t i n g  s i t e s  f o r  
d i s p o s a l ,  whether I t  be i n  t h e  humid East o r  t h e  a r i d  West. . . . 
So again I would plead chat  w e  look a t  the r e sea rch  needs f o r  
b u r i a l  s i tes i n  terns of how they behave wi th  t h e  var ious  types 
o f  waste forms t h a t  we are consider ing.  

When t h e  ques t ion  of technology needs f o r  f u t u r e  s i t e s  w a s  asked of 

A.  Crase,  an LLRW Workshop p a r t i c i p a n t  ~ K O R I  U.S.  Ecology, he  had t h e  

fo l lowing  i'o s a y  (ORNL 1985): 

W e  be l i eve  t h a t  a f t e r  t h e  C O m p i 2 c t s  are i n  place, t h e r e  w i l l  
be a g r e a t  eEfort  exer ted  by a number of companies t o  become 
involved i n  s i t i n g .  . . . It may not  be necessary t o  emplay a 
l o t  of t h e  advanced technology t h a t  we see, such as entombment 
engineered b a r r i e r s ,  except f o r  pub l i c  a c c e p t a b i l i t y .  . . . I 
think the need (advanced technology) i s  f o r  f u t u r e  s i t i n g .  . . 
even though J t  ( t h e  d i sposa l  f a c i l i t y )  i s  engineered,  you s t i l l  
have to answer the ques t ions  under P a r t  61 (10 CFR 61, 1985) 
as t o  wh2.t e f f e c t  i t  has on t h e  water t a b l e ,  where t h e  water 
t a b l e  i s ,  and how it  gets there? . . . I be l i eve  t h a t  (a 
meehanisir for c o l l e c t i n g  w a t e r )  would be requi red  i n  a ( f u t u r e )  
s i t e .  

There was a s t rong  cont ingent  a t  t h e  LLRW Workshop t h a t  f e l t  we 

should extend the  l i v e s  of t h e  present  d i s p o s a l  s i tes because of t h e  d i f -  

f i c u l t y  i n  ob ta in ing  Licenses and pub l i c  acceptance f o r  a nec~ s i te .  The 

fo l lowing  s ta tements  are t y p i c a l  of t h a t  viewpoint: 
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Because extending t h e  p o l i t i c a l  acceptance of t h e  sites 
a l r e a d y  i n  e x i s t e n c e  is easier and more e f f i c i e n t ,  we should do 
eve ry th ing  p o s s i b l e  t o  extend t h e i r  l i f e t i m e  by conserving t h e i r  
b u r i a l  capac i ty  (R. W. Ramsey, Qualcorp, Inc. ,  O W  1985). 

We are probably a t  1/5 c a p a c i t y  a t  Richland; I th ink  we have 
used a t o t a l  of about 18 acres ou t  of 100. . . . i f  it were 
p o l i t i c a l l y  accep tab le  t h i s  country can g e t  by wi th  one site. 
(Arv i l  Crase, U.S. Ecology, 198s). 

It should be noted t h a t  a l l  states with b u r i a l  grounds may not  

n e c e s s a r i l y  sha re  t h i s  view. 

The new types of wastes from decommissioning and decontamination are 

cause f o r  s e r i o u s  concerns,  and s o  is  t h e  inc reased  concen t r a t ions  of 

r a d i o a c t i v e  s p e c i e s  due t o  volume r educ t ion  of some wastes shipped t o  t h e  

burial .  sites. These concerns were a r t i c u l a t e d  at t h e  LLRW Workshop by 

Roy Person of t h e  NRC (OWL 1985): 

Decommissioning w a s t e  streams are not y e t  c l e a r l y  defined. 
Research needs t o  be done t o  c h a r a c t e r i z e  waste t h a t  would 
r e s u l t  from t h e  c u t t i n g  and packaging of hardware, l e f t - o v e r  
rubb le ,  and o t h e r  kinds of waste t h a t  are generated from decom- 
missioning f a c i l i t i e s .  This  r e sea rch  must be done with an eye 
toward what w i l l  be r equ i r ed  by states f o r  d i s p o s a l  as w e l l  a s  
opt imizing processing. 

I n  t h e  f u t u r e ,  decontamination wastes w i l l  c o n s t i t u t e  a much 
h i g h e r  percentage of waste r e q u i r i n g  d i sposa l .  This  w i l l  occur 
in an e f f o r t  t o  reduce exposures from t h e  bui ldup of a c t i v a t i o n  
products  and s ludge i n  nuc lea r  power p l a n t s .  These wastes w i l l  
be  composed l a r g e l y  of o rgan ic  c h e l a t i n g  agen t s ,  which may 
complex r ad ionuc l ides  and enhance mig ra t ion  i n  b u r i a l  s i t e  s o i l s .  

Since many s ta te  Compacts r e q u i r e  volume reduc t ion ,  t h e r e  w i l l  
probably be an  inc reased  demand f o r  new volume reduc t ion  systems 
as t h e s e  Compacts are enacted. Add i t iona l  r e sea rch  w i l l ,  there-  
f o r e ,  be r equ i r ed  to ensu re  s a f e  and e f f e c t i v e  ope ra t ion  of 
advanced volume reduc t ion  systems and t o  s tudy t h e  charac- 
teristics of the  wastes produced. 

V i r g i l  Antry, South Carol ina Department of Heal th  and Environmental 

Control  (ORNL 1985), shared t h e  same concerns,  as i n d i c a t e d  i n  t h e s e  

remarks : 

The NRC's  branch t e c h n i c a l  p o s i t i o n  on waste forms has es tab-  
l i s h e d  numerous s t anda rds  with gene ra l  cri teria €or  determining 
r ad ionuc l ide  concen t r a t ions  i n  waste, i n  c l a s s i f y i n g  waste, 
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as w e l l  as I n  e s t a b l i s h i n g  s t anda rds  for proper  waste s t a b i l i z a -  
t i on .  We f e e l  a t  t h i s  p o i n t ,  however, t h a t  s p e c i f i c  methods and 
guidance should be e s t a b l i s h e d  t o  a c c u r a t e l y  determine the 
r ad ionuc l ide  concen t r a t ions  i n  waste. 

I n  a d d i t i o n  t o  improving r ad ionuc l ide  a c c o u n t a b i l i t y  i n  
waste streams, WE a l s o  recommend p o s s i b l e  R&D s t u d i e s  f o r  LLRW 
t o  answer some of t h e  fol lowing ques t ions ,  . . . 
approach is:  what are t he  inc reased  r a d i o l o g i c a l  hazards for 
handl ing and d i spos ing  of wastes that have been sub jec t ed  t o  
volume reduc t ion  (e.g., compaction and i n c i n e r a t i o n ) ?  We do 
not  have very much material on t h i s  ques t ion  today. 

i n c i n e r a t o r  ash, r e s i d u a l ,  and similar wastes a t  b u r i a l  f a c i l i -  
' t ies, what eoncen t r a t lon  l i m i t s  should be e s t a b l i s h e d  t h a t  
would r e q u i r e  w a s t e  s t a b i l i t y  - f o r  example, s o l i d i f i c a t i o n  o r  
i nc reased  containment? 

The t h i r d  ques t ion  is: what would be a n  accep tab le  con- 
c e n t r a t i o n  €or  c h e l a t i n g  agen t s  contained i n  wastes disposed 
in b u r l a 1  environments? . . . t h e r e  has been much d i s c u s s i o n  
about t h i s ,  and each Compact iiow, e s p e c i a l l y  i n  t h e  Southeast ,  
w k l l  be faced wi th  ever- increasing b u r i a l  of wastes-containing 
c h e l a t i n g  agents .  Of course,  this ( c h e l a t i n g )  i s  recognized as a 
means to i n c r e a s e  migrat ion,  o r  t h e  p o t e n t i a l  t o  i n c r e a s e  migra- 
t i o n .  

The f i r s t  ques t ion  t h a t  we would l i k e  f o r  someone t o  a t  least  

The second ques t ion  is: based on handling and d i spos ing  of 

From t h e s e  and other comments obtained from t h i s  assessment,  the 

fol lowing ques t ions  i d e n t i f y i n g  R&D needs were derived: 

1 .  

2"  

3 .  

4.  

5. 

6. 

7. 

8. 

9. 

How do burPal  s i tes behave wi th  the  waste forms i n  them? 

Mow do waste forms i n t e r a c t  w i th  water? 

laat  are t h e  mechanisms f o r  t r a n s p o r t  of materials from t h e  waste 

forms t o  t h e  surroundings? 

How do waste materials migrate  through t h e  geo log ica l  environment? 

Can mechanisms be developed f o r  c o l l e c t i n g ,  analyzing,  and t r e a t i n g  

water t h a t  has been i n  contact. with t h e  waste forms? 

What techniques can be used f o r  extending t h e  l i f e t i m e s  of t h e  

b u r i a l  s i tes  t h a t  are a l r eady  c rea t ed?  

What wfll h e  the e f f e c t s  of d e c o n t a n n i n a t i o n / d e c ~ m ~ s ~ i o n i n g  wastes 

on  waste forms and burgal-ground mobil i ty  of these  materials? 

Are b e t t e r  determinat ions of r ad ionuc l ide  concen t r a t ions  i n  wastes 

p o s s i b l e  t o  a s s u r e  proper handling and d i s p o s a l ?  

What are the consequences of w a s t e  volume reduct ion? The c u r r e n t  

controversy between t h e  s i te  o p e r a t o r s ,  u t i l i t i e s ,  s tates,  and t h e  

p u b l i c  on t h i s  i s s u e  needs t o  be resolved. Atialysis of a l l  t h e  
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e f f e c t s  of volume reduc t ion  is necessary.  

t h i s  be done quickly because of t h e  p o t e n t i a l l y  l a r g e  impact on 

b u r i a l  sites w i t h i n  t h e  newly formed Compacts. 

It is  imperat ive t h a t  

10. Why is s i t e  s t a b i l i z a t i o n  a cont inuing problem? Proper s t a b i l i z a t i o n  

techniques are simply not known and demonstrated a t  t h e  p re sen t  

t i m e .  In n e a r l y  a l l  p a s t  cases, t h e  f u n c t i o n a l  l i f e  of t h e  s o l i d  

b a r r i e r s  has been shown t o  be l i m i t e d  and i n f i l t r a t i o n  has occurred. 

A dominant problem wi th  shal low land b u r i a l  (SLB) has been t h e  void 

spaces  w i t h i n  t renches.  This causes  subsidence,  followed by water 

i n f i l t r a t i o n ,  Another problem i s  t h e  s i t e  s p e c i f i c i t y .  A s t a b i l i -  

z a t i o n  procedure w i l l  work f o r  one s i te  but not  n e c e s s a r i l y  f o r  

another .  The s i t e - s p e c i f i c  f a c t o r s  t h a t  cause d e s t a b i l i z a t i o n  need 

t o  be e l u c i d a t e d  by R&D. 

1.2.4 S to rage  Technologies 

1.2.4.1 Short-Term Storage 

I n t e r i m  s t o r a g e  (<5 y e a r s )  a t  LLRW gene ra to r  sites w i l l ,  more than 

l i k e l y ,  become necessary owing t o  t h e  impending ex tens ion  of t h e  LLRW 

Po l i cy  A c t .  The ex tens ion  w i l l  g i v e  an inc reased  t i m e  frame f o r  

e s t a b l i s h i n g  b u r i a l  s i tes in t h e  r eg iona l  Compacts bu t ,  i n  t h e  meantime, 

t h e  l i m i t a t i o n s  on volume acceptance a t  t h e  p r e s e n t l y  e x i s t i n g  sites w i l l  

probably f o r c e  gene ra to r  sites t o  hold some LLRW. The c o n s t r u c t i o n  of 

c e n t r a l  s t o r a g e  f a c i l i t i e s  is ano the r  p o s s i b l e  course of ac t ion .  

Generic Letter 81-39 (USNRC 1981) provides guidance f o r  i n t e r i m  

s t o r a g e  f a c i l i t i e s .  

teria must be s t o r e d  i n  s t r u c t u r e s  o r  tanks designed t o  c o n t r o l  s p i l l s  

and must have p rov i s ions  made for r ep rocess ing  p r i o r  t o  shipment. 

S o l i d i f i e d  LLRW must m e e t  disposal cr i ter ia  and have adequate f i r e  protec- 

t i o n .  For dry LLRW s t o r a g e ,  t h e  volume should be minimized, and con- 

t a i n e r s  must not support  combustion; a l so  t h e  concept of ALARA should 

be observed. Generic Letter 81-39 discourages s t o r i n g  of unprocessed 

waste and spen t  r e s i n s  t h a t  are s u f f i c i e n t l y  r a d i o a c t i v e  t o  gene ra t e  

g a s e s ,  but t h e  l e t t e r  s t r o n g l y  encourages s o l i d i f i c a t i o n  of w e t  waste. 

General ly ,  o n s i t e  s t o r a g e  r e q u i r e s  t h a t  waste f o r  s t o r a g e  be prepared as 

though f o r  shipment. 

Wet LLRW having f r e e  l i q u i d  in excess  of b u r i a l  cr i -  

Areas of concern t h a t  r e q u i r e  R&D are: 

1. monitor ing of s t o r e d  material, p a r t i c u l a r l y  r e s i n s ;  
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2, 

3. 

4 ,  

5. 

6 .  

fire protection, particularly for polyethylene containers; 

radiolytic gas generation; 

radiation-enhanced degradation of polymeric materials; 

corrosion; and 

disposal behavior of materials that have been previously stored (for 

example, what is the behavior of high-density polyethylene that has 

some radiat€on-induced oxidative embrittlement, or what are the 

effects of corrosion on steel containers?). 

According to a representative from the Texas Low-'level Radioactive 

Waste Disposal Authority (R. V. Avant), the Texas Legislature has given 

preference to aboveground storage ( L L W  1985). The Texas Authority has 

gone on record as rejecting standard SLB for LLRW waste disposal. 

compromise between aboveground and SLB disposal (e.g., engineered 

trenches) may be the f i n a l  solution. 

1.2.4-2 Long-Term Storage 

Some 

There are four types of long-term storage 0 5  years) under con- 

sideration: 

1. large engineered structures; 

2. s torage  modules; 

3. sh ie lded  casks; and 

4.  unshielded facilities. 

These are presented in mote detail by Siskind et al. (1985) and are also 

discussed i n  Volume 2, Chapter 6 ,  of this report. The recommendations for 

R&D by Siskind e t  al. are in harmony with the concerns expressed by the 

Workshop participants. 

wtth potential. for WE support: 

These are listed below as potential R&D programs 

1.  corrosion of materials, 

2. radiolytic degradation of materials, 

3. effects of temperature and humidity on properties of cement and 

other waste forms, 

4 ,  biodegradative gas generation, 

5. radiolytic gas generation, and 

6 .  corrosion rates of carbon steel. 

Below are some comments from experts in the LLRW field on the subject 

of storage. 
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Arch i t ec t - eng inee r s  and s e r v i c e  companies have provided us  
w i t h  means of s t o r i n g  waste on si te.  S t i l l  t o  be addressed i s  
t h e  prevent ion of being fo rced  t o  accept  nonplant water by t h e  
states (S. Hobart, EPRI, ORNL 1985). 

Large i n c o n s i s t e n c i e s  e x i s t  between defense SLB and commer- 
c ia l  "excessively engineered systems." We w i l l  have t o  answer 
t h e s e  critictsms some t i m e  i n  t h e  f u t u r e  (S. J. P h i l l i p s ,  
Rockwell Hanford Operat ions,  L L W  198s). 

S to rage  - w e  would be w i s e  t o  l e t  t h e  s t o r a g e  op t ion  be 
a v a i l a b l e  w i t h i n  an  o v e r a l l  management p l an ,  and R&D should move 
t o  make t h i s  op t ion  a v a i l a b l e  (G. R. H i l l ,  Southern States 
Energy Board, LLWMP 198s). 

1.2.5 T ranspor t a t ion  

Transpor t a t ion  is mostly by t r u c k ,  w i th  f a i r l y  uniform requirements 

from s ta te  t o  state. The shipping c o n t a i n e r s  are f a i r l y  w e l l  de f ined  and 

g e n e r a l l y  comply with Department of T ranspor t a t ion  (DOT) requirements. 

Poss ib ly  t h e  only t r a n s p o r t a t i o n  area where LLRW gene ra to r s  could use  

a s s i s t a n c e  i s  i n  developing a uniform shipping manifest .  This does not 

appear t o  be an area where DOE should become more involved. 

I n  t h e  area of paperwork, DOE has helped by funding t h e  
development of t h e  uniform man i fe s t ,  and they are funding 
r e c e r t i f i c a t i o n  of 210-L (55-gal)  drums i n  response t o  DOT 
concerns. Is t h e r e  a way of ensuring t h a t  t h e  p u b l i c a t i o n  of 
a n a t i o n a l  manifest  w i l l  encourage i ts  adopt ion by Compacts, 
however? (S.  Hobart, EPRI, ORNL 1985). 

1.2.6 Other I s s u e s  

1.2.6.1 Relow Regulatory Concern 

One of t h e  major concerns of LLRW gene ra to r s  a t  t h e  LLRW Workshop 

(QRNL 1985) w a s  t h e  d e f i n i t i o n  of below regu la to ry  concern (BRC) o r  "de 

minimis" wastes. Almost unanimously, they s t a t e d  t h a t  one of t h e  most 

s i g n i f i c a n t  t h ings  t h a t  could occur i n  t h e  LLRW management area would be 

t h e  establ ishment  of a f i r m  BRC l i m i t .  It is est imated t h a t  as much as 

1/3 of c e r t a i n  c a t e g o r i e s  of waste [such as low-specif ic-act ivi ty  (LSA) 

wastes and many of t h e  dry a c t i v e  wastes (DAW)] could be disposed of by 

less c o s t l y  methods i f  BRC were properly defined. One u t i l i t y  represen- 

t a t i v e ,  Joe  Walden of Alabama Power Co. (QRNL 1985), had t h e  fol lowing t o  

s a y  on t h i s  s u b j e c t ,  
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We need t o  get down t o  the real i s s s u e s  such as de minimus, 
which is  t h e  bottom l i n e  t h a t  w i l l  g ive  us  t h i s  30 and 35% 
t h a t  Udal1 says  w e  must ge t  t o  i n  volume reduct ion .  

W. F. Holcomb, a Workshop p a r t i c i p a n t  from t h e  EPA (ORNL 1985), had 

t h e  fol lowing t o  say about RRC s tandards :  

We hope t o  propose a BRC s tandard  next year  i n  conjunct ion 
wi th  a low-level s tandard.  . . . Because once you exempt, 
de regu la t e  o r  determine a w a s t e  is ready t o  throw out ,  you are 
going t o  throw i t  anywhere you want. N o  one i s  going t o  c o n t r o l  
i t  af terward.  I t ' s  going t o  end up i n  a s a n i t a r y  l a n d f i l l ,  t h e  
county dump, o r  somebody's backyard i n  a hole.  You want t o  
inake SUE t h e  pub l i c  i s  s a f e ,  You want t o  make s u r e  t h a t  t h e  
p u b l i c  i s  not  going t o  be down on you every day pound.i.ng on 
you not  t o  do t h a t .  

The Canadian p o s i t i o n  w a s  expressed by D. H. Charleswosth, Atomic 

Energy of Canada, L t d .  (ORNI, 1985). According t o  D r .  Charlesworth,  de 

minimis waste i n  Canada i s  not  given d i sposa l  i n  an u n r e s t r i c t e d  manner. 

In s t ead ,  r egu la t lons  are less s t r i n g e n t  f o r  de minimis wastes than f o r  

r e g u l a r  LLRW wastes.  Radiat ion l e v e l s  of de minimis wastes are not 

def ined  so l o w  as t o  be safe under a l l  condi t ions.  This a t t i t u d e  i s  i n  

c o n t r a s t  with t h e  cu r ren t  U.S. approach and would encounter t he  least  

p u b l i c  r e s i s t ance .  

The d i scuss ions  surrounding t h e  BRC i s s u e ,  e s p e c i a l l y  t h e  unce r t a in ty  

expressed by t h e  EPA r ep resen ta t ive ,  po in t  out  t h e  need €o r  IZhD t o  answer 

some of the ques t ions  regarding d i sposa l  h e a l t h  and s a f e t y  concerns and 

a l low confident  BRC r egu la t ions .  This viewpoint i s  shared by E P R I ,  as 

expressed by S. Hobart (OWNE 1985): 

Ut i l i t ies  have forced t h e  i s s u e  of de minimis o r  BRC d i sposa l .  
Vendors have done some work on improved low-level monitors ,  bu t ,  
b a s i c a l l y  w e  are s t i l l  tak ing  r i s k s .  

Research and development i s  needed, fo r .  example, i n  t h e  design of 

more s e n s i t i v e  instruments  f o r  measurements of very low r a d i a t i o n  l e v e l s  

and f o r  i d e n t i f y i n g  b e t t e r  methods t o  s e p a r a t e  material from LLRW t h a t  

could be proven t o  be no more hazardous than the material now i n  s a n i t a r y  
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, 
, 

l a n d f i l l s .  Demonstration of t h i s  l a t te r  concept is  paramount i n  d e f i n i n g  

BRC. 

would be r e g u l a t e d ,  although less s t r i n g e n t l y  than LLRW, should c e r t a i n l y  

be considered. 

The Canadian method of c r e a t i n g  a s p e c i a l  class of material t h a t  

Other p e r t i n e n t  comments on t h e  d e f i n i t b o n  of BRC waste are: 

The (Nuclear Regulatory) Commission cannot g ive  a waste 
g e n e r a t o r  a de minimis l e v e l ,  cannot agree upon anything from 
o i l  t o  DAW t o  any medium. On t h e  o t h e r  hand, we have a wide gap 
of d i s p a r i t y ,  I would t h i n k ,  when we  have a Comdssion t h a t  a l s o  
t e l l s  us t h a t  2 nCi/g as a sh ippe r  is no t  r egu la t ed  
Alabama Power Co., O W  1985). 

( Joe  Walden, 

In terms of t h e  va lue  you j u s t  mentioned, i t  is 2 nCi/g and 
i t  i s  an a c t i v i t y  below which t h e  material is  not  r egu la t ed  a t  
a l l ,  €o r  purposes of t r a n s p o r t a t i o n .  It is e s s e n t i a l l y  not 
r a d i o a c t i v e .  As I s a i d ,  t h a t  only a p p l i e s  t o  t r a n s p o r t a t i o n .  
There is an anomaly i n  t h a t  i t  is s t i l l  probably r egu la t ed  
f o r  o t h e r  purposes. Th i s ,  I t h i n k ,  stresses t h e  need and 
importance of e s t a b l i s h i n g  limits below regu la to ry  concern 
for l i c e n s i n g  purposes (A. W. Grella, NRC, ORNL 1985). 

A t  Sequoyah we are working through EPRI t o  develop a 
l i c e n s i n g  s u b m i t t a l  fo r  NRC t h a t  would al low us t o  take a l l  
t r a s h  wlth a s p e c i f i c  a c t i v i t y  of (2 nCi/g t o  a l o c a l  s a n i t a r y  
l a n d f i l l  (L. J. Riales, TVA, ORNL 1985). 

Riales f u r t h e r  commented t h a t  s i g n i f i c a n t  c o s t  savings and volume 

reduc t ions  (as much as one-third)  could r e s u l t  from t h i s  e f f o r t .  From 

t h e s e  comments i t  seems l i k e l y  t h a t  p re s su re  from u t i l i t i e s ,  i n d u s t r y ,  and 

f e d e r a l  o r g a n i z a t i o n s  could e s t a b l i s h  2 nCi/g as t h e  long-awaited BRC 

d e f i n i t i o n  l eve l .  The DOE should assist t h e  commercial s e c t o r  i n  t h i s  

e f f o r t  by providing t e c h n i c a l  evidence t h a t  t h i s  l e v e l  is indeed accep- 

t able. 

1.2.6.2 New Regulatory Concerns 

S. Hobart of EPRI d i scussed  [LLRW Workshop (OWL 1985)l t h e  need f o r  

R&D because of t h e  new regu la to ry  concerns: 



Utilities are working wi th  s e r v i c e  companies t o  develop pro- 
cess c o n t r o l  plans that ensure proper s o l i d i f i c a t i o n .  . . , 
Although both EPRI and AIF ( A t o d c  I n d u s t r i a l  Forum) have 
funded some work on e s t ima t ion  of i so topes  by us ing  s c a l i n g  
f a c t o r s ,  t h e s e  approaches lead  t o  conserva t ive  estimates and 
do not  ensure any accu ra t e  account ing of r a d i o a c t i v i t y  placed 
i n  t h e  b u r i a l  trenches.  . . . EPRZ has been funding some work 
t o  improve monitoring techniques.  EPRI  has a l s o  been funding 
some work on development of a computer program t o  p r e d i c t  
hydrogen-generation from waste. . , . W e  need t o  ensure t h a t  
t h e  waste forms w i l l  be s t a b l e  a t  t h e  b u r i a l  s i t e ,  i n  t h e  b u r i a l  
t r ench ,  over t h e  long term. Perhaps t h e  most c r i t i ca l  sho r t -  
term ques t ion  i s ,  how can w e  be assured  t h e  Compact requirements 
f o r  waste forms w i l l  be uniform and reasonable? 

1.2.4.3 Mixed Wastes 

A d e t a i l e d  s tudy i s  needed t o  examine t h e  processes  t h a t  produce 

mixtures  of r ad ioac t ive  and chemically hazardous wastes and t o  search  f o r  

reasonable  a l t e r n a t i v e  processing t h a t  w i l l  produce less (o r  none) of t h i s  

undesf rab le  material. 

of c e r t a i n  s e l e c t e d  materials m y  be v i a b l e  opt ions.  S p e c i f i c  examples of 

materials t h a t  should be e l imina ted ,  i f  poss ib l e ,  are PVCs, chemical 

s o l v e n t s ,  and c h e l a t i n g  agents .  An example of a promising technology 

t h a t  merits f u r t h e r  R&D support  i s  t h e  use of microwave energy f o r  t h e  

d e s t r u c t i o n  of PVC ma te r i a l s .  

Direct s u b s t i t u t i o n  o r  regenera t ion  and/or r ecyc le  

Comments from t h e  LLRW Workshop concerning t h e  d i sposa l  of mixed 

wastes are gtven below: 

On November 8 ,  1985, U.S. Ecology w i l l  no longer  accept sc in-  
t i l l a t i o n  f l u i d  i n  any form. Now, where does i t  go? Regulated 
o r  deregula ted ,  i t  does not matter. We, as a b u r i a l  s i t e  opera- 
t o r ,  cannot conform t o  r e t r o r e g u l a t i o n s  as they are w r i t t e n  and 
handle  r ad ioac t ive  waste. We cannot morally sub jec t  our 
employees t o  opening con ta ine r s  t o  v e r i f y  waste forms and t h e  
chemical c o n s t i t u e n t s  thereof .  T. a m  not s u r e  that t h e r e  i s  a 
radiochemistry l a b  i n  t h e  country t h a t  could perform t h i s  
a n a l y s i s  f o r  us. It a l s o  involves  a r e t roman i fe s t ;  i t  a l s o  
involves  dua l  lin-ing in t renches.  W e  u rgen t ly  need a d e f i n i t i o n  
of mrixed wastes and who r e g u l a t e s  what (A. Crase, U.S. Ecology, 
ORNL 1985). 

According t o  t h e  d e f i n i t i o n s  being considered among t h e  f e d e r a l  
agencies ,  mixed wastes could encompass as much as 95% of the 
waste that: i s  c u r r e n t l y  generated,  o r  i t  could encompass as 
l i t t l e  as 3%, . . . 
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The small gene ra to r s ,  of which t h e r e  are about t e n  t i m e s  more 
( i n  number) t han  u t i l i t y  gene ra to r s ,  do not  appear t o  have t h e  
l a r g e  economic base t o  m e e t  t h e  more demanding r e g u l a t i o n s  
concerning mixed wastes. . . . 

Cur ren t ly ,  t h e r e  are s e v e r a l  c a t e g o r i e s  of wastes t h a t  have 
no home, which I cal l  orphaned wastes. One of those  i s ,  i n  nor- 
m a l  pa r l ance ,  Class D waste, t h a t  is, g r e a t e r  than Class C. It 
is somewhere between high-level  waste, which is  no t  def ined by 
EPA, and low-level waste. Nei ther  t h e  state of South Caro l ina  
nor  t h e  s ta te  of Washington w i l l  r e c e i v e  g r e a t e r  than Class C 
waste without  a d d i t i o n a l  information regarding t h e  s a f e t y  of 
t h a t  c l a s s i f i c a t i o n  f o r  shallow-land b u r i a l  (N. Kirner ,  
Department of Heal th  and S o c i a l  Se rv ices ,  S t a t e  of Washington, 
ORNL 1985). 

1.2.6.4 Technology Transfer / Information Exchange 

V. Autry, of t h e  South Carol ina Department of Health and 

Environmental Can t ro l ,  commented during t h e  LLRW Workshop (ORNL 1985): 

Also, t h e r e  is  a need f o r  i n fo rma t iona l  systems f o r  t h e  hos t  
s ta tes ,  t h e  Compact Commissions, t h e  b u r i a l  sites, and t h e  
f e d e r a l  agencies  and many of t h e i r  con t r ac to r s .  A n a t i o n a l  d a t a  
base  system should be e s t a b l i s h e d ,  and I understand t h a t  t h e r e  
i s  work toward t h i s  end now being done. 

1.2.6.5 I n t e r n a t i o n a l  R&D Impl i ca t ions  

C.  A. Hutchison, of t h e  Socii?tg Generale pour les Techniques 

NouvelLes (SGN) s t a t e d  t h e  following: 

Forty-one ope ra t ing  r e a c t o r s  gene ra t e  60% of France's 
e l e c t r i c i t y  today. That w i l l  go t o  75% i n  a few years  (LLWMP 
1985). 

With such a heavy load imposed on t h e  French waste d i s p o s a l  system, they 

s t i l l  seem t o  have developed t h e  b e s t  LLRW d i s p o s a l  i n  t h e  world today. 

Some specu la t ed  t h a t  most: of the U.S. waste  d i s p o s a l  problems would be 

so lved  i f  w e  would adopt a similar program here.  The system was descr ibed 

i n  d e t a i l  a t  t h e  LLRW Conference i n  Las  Vegas, Nevada. I n  a d e t a i l e d  

paper provided t o  t h e  a t t endees  (LLWMP 19851, Hutchison descr ibed t h i s  

" I n t e g r a t e d  Waste Management System" as fol lows:  
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Cent ra l  r ece iv ing  s t a t i o n s  w i l l  be placed near  d i sposa l  f a c i l -  
i t i e s  and shipment w i l l  be by r a i l  and t ruck.  T o t a l  c o n t r o l  i s  
r equ i r ed  by mani fes t ing  from genera t ion  t o  f i n a l  d i s p o s a l  wi th  
f requent  QA aud i t s .  The Earth-Mounded Concrete Bunker (EMCB) 
concept w i l l  be used. T h i s  i s  b a s i c a l l y  a series of below- 
ground conc re t e  “cells and canyons“ € o r  conta in ing  the  most 
r a d i o a c t i v e  wastes; drums of t h e  less r ad ioac t ive  material are 
s t o r e d  on top  of t h e  concre te  pad which makes up t h e  roof.  The 
e n t i r e  monolith is then covered wi th  a moiind o f  impermeable 
e a r t h ,  such as c e r t a i n  types o f  c lays .  Water d ive r s ion  and 
c o l l e c t i o n  systems are i n s t a l l e d  and cont inuously monitored. 
T h i s  a l lows l o c a l i z a t i o n  of any l eaks  i n  cells o r  canyons which 
can then be repa i red  without  digging up t h e  e n t i r e  u n i t .  
PKOCeSS equipment i s  o n s i t e  f o r  processing contaminated material 
a r i s i n g  from such leaks.  The f i r s t  of t he  EMCBs w i l l  be opera- 
t i o n a l  in t h e  1990-1991 period. 

The West German waste managerneiit p o s i t i o n  w a s  presented during a 

d i scuss ion  per iod a t  the LLRW Workshop. 

111 West Germany t h e r e  i s  no shallow land b u r i a l  and no 
low-level waste d i s p o s a l  a t  a l l -  a l l  t h e i r  material is  s t o r e d  
on s i te .  They s h i p  t o  a reg iona l  nuc lear  research  c e n t e r ,  where 
i t  is volume reduced e i t h e r  by compaction, i n c i n e r a t i o n ,  o r  an 
appropr i a t e  process .  It is  then packaged, most o f t e n  s o l i d -  
i f i e d ,  and re turned  t o  them, 

u a l  u t i l i t y  b a s i s  i s  not  t h e  way w e  should be looking a t  t h i s .  
W e  should be looking a t  volume reduct ion  cen te r s .  . . 1 
f u r t h e r  submit t h a t  t h e s e  r eg iona l  c e n t e r s  ought t o  be coupled 
t o  t h e  b u r i a l  s i tes.  Some of t h e  S t a t e s  may not  agree wi th  m e p  
but  t h a t  would g ive  them t o t a l  c o n t r o l  (wl th in  t h e  Compact 
s t r u c t u r e ) ,  a t o t a l  waste management c e n t e r ,  and they would not  
have t o  be concerned about i nc reas ing  c l a s s i f i c a t i o n  from C t o  
g r e a t e r  than  C ,  o r  from B t o  C ,  o r  from A t o  B ,  i f  i t  were not 
necessary.  As everything came i n ,  i t  would be volume reduced, 
as appropr i a t e  for t h e  waste f o m  and type,  and then placed i n  
t h e  ground ou t  the  back door. . . . wi th in  t h e  frame-work of t h e  
Compacts, w e  are t a l k i n g  about f i v e  o r  seven sites now, so w e  
are t a l k i n g  about reasonable  t r a n s p o r t a t i o n  i s s u e s  (A.  Gould, 
F l o r i d a  Power and Light ,  ORNL 1985). 

I would l i k e  t o  suggest  t h a t  volume reduct ion  on an ind iv id-  

R. Kohout of Ontario Hydro d iscussed  Canadian LLRM management prac-  

t ices  a t  t h e  LLRW Workshop (ORNL 1985): 

I a m  from Canada and w e  have p rac t i ced  on-s i te  s t o r a g e  s i n c e  
we s t a r t e d  t h e  nuc lear  program. We do understand t h a t  once you 
in t roduce  engineered s t r u c t u r e s  i n t o  s t o r a g e ,  r e t r i e v a b l e  
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s t o r a g e  o r  r e t r i e v a b l e  d i s p o s a l ,  you s t a r t  t o  worry about 
volume. W e  have developed about t h e  f i f t h  gene ra t ion  of s t o r a g e  
s t r u c t u r e s ,  e n g h e e r e d  s t o r a g e  s t r u c t u r e s ,  which are very inex- 
pensive,  y e t  w e  s t i l l  f e e l  t h a t  volume reduc t ion  i s  a very 
important  segment i n  o u r  waste management. 

This  d i s c u s s i o n  w a s  supplemented by D. H. Charlesworth,  Atomic Energy 

of Canada, Ltd. ( O W  1985): 

Our Atomic Energy Control Board, which i s  ou r  r egu la to ry  
body, has made i t  known t h a t  t h e  fewer t h e  sites t h e  b e t t e r  as 
f a r  as t h e i r  i npu t  i n t o  t h e  s i t u a t i o n ,  and we are also pushed i n  
t h a t  d i r e c t i o n  because t h e  scale of ope ra t ion  i s  small enough 
t h a t  t h e  less you subdivide i t ,  t h e  more economically v i a b l e  i t  
is .  But beyond t h a t ,  I th ink  what is j u s t  as important f o r  us  
i s  t h a t  e x i s t i n g  sites can be operated.  New s i tes  are very hard 
t o  come by. . . . 

Dr. Charlesworth also  added: 

Is t h e r e  anything but  s t o r a g e  going on a t  t h e  p re sen t  t i m e ?  
Do w e  r e a l l y  expect t o  walk away from any s i t e ?  

1.2.6.6 S o c i o p o l i t i c a l  I ssues  

H. L. Mencken once wrote t h a t  most people t h i n k  t h a t  a l l  complex 

problems have a simple s o l u t i o n .  And then  he added t h e  s t a t emen t ,  "but i t  

i s  u s u a l l y  wrong." 

p o l i t i c a l  i s s u e s  a f f e c t i n g  LLRW management. The s i t u a t i o n  is recognized 

by many i n  t h e  f f e l d :  

This  quote  seems a p p r o p r i a t e  f o r  t h e  complex socio- 

LLRW (management) is  not a t e c h n i c a l  problem; i t  i s  a p o l i t i -  
Pub l i c  oppos i t i on  ( t o  LLRW handl ing and d i s p o s a l )  is  a ca l  one. 

given. . . e We are no t  t a k i n g  p r e s c r i p t i v e  a c t i o n ,  w e  are 
t a k i n g  r e a c t i v e  ac t ion .  . . . We need t o  do t h e  former t o  s o l v e  
our waste problems (R. V. Avant, Jr., Texas Low-Level 
Radioact ive Waste Disposal Authori ty ,  LLWMP 1985). 

To paraphrase Mr. Avant, 'We need t o  g e t  on wi th  s o l v i n g  t h e  tech- 

n i c a l  problems w i t h i n  t h e  p o l i t i c a l  framework." 

Another a t t e n d e e  of t h e  L L W  Meeting (R. F. Pa t ton ,  Midwest 

Tntersory Low-Level Radioact ive Waste Commission, LLWMP, 1985) also 
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concluded t h a t  SLB w a s  t echn ica l ly  

as a d i s p o s a l  technique f o r  LLRW: 

The populace i n  our region 
b u r i a l .  . . . If voted i n  our  

f e a s i b l e  but  p o l i t i c a l l y  unacceptable  

does not want shal low land 
region i t  would not  go. 

A commercial b u r i a l  ground ope ra to r  observed t h a t  t h e  EPA and NlRC 

t r i e d  f o r  a "Memoranduim of Understanding'a regard ing  mixed wastes (J. J. 

S c o v i l l e ,  P re s iden t ,  U.S. Ecology, L L W  1985). The e f f o r t  f a i l e d ,  owing 

t o  " s i g n i f i c a n t  d i f f e rences" ;  as a r e s u l t ,  t h e  EYA now requ i r e s  t h e  f i l i n g  

of P a r t  B of t h e i r  permit a p p l i c a t i o n  i n  o rde r  t o  ope ra t e  an LLRW s i te  as 

a n  RCRa s i te .  This  b u r i a l  ground ope ra to r  proposed a l e g i s l a t i v e  amend- 

ment t h a t  would g ive  t h e  NRC sole r e s p o n s i b i l i t y  f o r  LLRW d i s p o s a l  f a c i l i -  

t i es .  

However, a compromise a d d i t i o n  t h a t  w a s  a t t ached  t o  t h e  o r i g i n a l  pro- 

posa l  r equ i r e s  t h a t ,  w i th in  90 d of enactment of Compact l e g i s l a t i o n ,  t h e  

EPA, wi th  NRC concurrence,  w i l l  produce a l ist  of substances t o  be regu- 

l a t e d  by the  EPA. This ,  of course,  l eaves  t h e  dua l  r egu la t ion  a u t h o r i t y  

t h a t  U.S .  Ecology would p r e f e r  t o  avoid. 

1.3 DEMONSTKATTON 

The DOE i s  i n  a unique p o s i t i o n  t o  o f f e r  s i g n i f i c a n t  a s s i s t a n c e  t o  

LLRW genera tors .  

technology f a c i l i t i e s  and t h e  comprehensive DOE technology app l i ca t ions  

programs, they can provide t e c h n i c a l  information as ou t l ined  ear l ier .  I n  

a d d i t i o n ,  DOE has t h e  f a c i l i t i e s  and t h e  funding t o  provide la rge-sca le  

demonstrat ions of t h e s e  technologies .  I n  f a c t ,  t h e  DOE w i l l  be developing 

waste d i sposa l  techniques i n  compliance with var ious  i n t e r n a l  d i r e c t i v e s  

(DOE 1984). In accordance with t h e s e  r egu la t ions ,  t h e  DOE w i l l  comply 

wi th  t h e  i n t e n t  of BCRA with in  5 years .  There is  f u r t h e r  impetus f o r  R&D 

i n  t h e  f a c t  t h a t  DOE i s  c u r r e n t l y  encounter ing r e s i s t a n c e  froin t h e  S t a t e  

r e g u l a t o r s  and EPA i n  e s t a b l i s h i n g  new b u r i a l  s i tes  t o  replace rap id ly  

f i l l i n g  ones. While the BCRA is r e l a t e d  only t o  chemlcally hazardous 

wastes ,  i t  has important connotat ions f o r  "mixed" wastes. T h i s  was one of 

t h e  most press ing  problems i d e n t i f i e d  by t h i s  assessment. The DOE 

demonstrat ions of new hazardous waste technologies  (e.g., i n c i n e r a t i o n )  

Because of t h e  in-house e x p e r t i s e  developed a t  DOE high 
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are appropriate for LLRW management also, since the two types of waste 

have many similarities. While the LLRW generators are reluctant to adapt 

unproven high technology, they would readily accept technologies that have 

been proven by large-scale demonstrations on DOE wastes. It is recom- 

mended that DOE create a formal liaison program with EPRI (and perhaps 

others) to assure that any advantages that might be gained from their LLRW 

technology demonstration program would accrue to the commercial LLRW 

generators. 

1.4 CONCLUSION 

A summation of the commitment felt by workers in the LLRW management 

field may be found in this statement by S .  Hobart of EPRI (ORNL 1985): 

I want to end with the thought that there is an issue beyond 
cost-benefit in the search for LLRW solutions, the issue of 
stewardship. This is the earth on which we live. We have the 
responsibility of managing radioactive waste to ensure the 
safety of our world and future generations. We also, however, 
have the responsibility to convey our dedication for those solu- 
tions t o  the public. By assuaging their concerns, we will not 
preclude the use of the most environmentally safe energy tech- 
nology today, nuclear power. 
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