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ABSTRACT 

The o v e r a l l  t a s k  of t h i s  program was t o  provide  a n  
assessment of c u r r e n t l y  a v a i l a b l e  technology f o r  t rea t ing  com- 
mercial low-level r a d i o a c t i v e  waste (LLRW), t o  i n i t i a t e  develop- 
ment of a methodology f o r  choosing one technology f o r  a given  
a p p l i c a t l o n ,  and t o  i d e n t i f y  r e s e a r c h  needed t o  improve c u r r e n t  
t r ea tmen t  techniques  and d e c i s i o n  methodology. The r e s u l t i n g  
report: is i s s u e d  i n  f o u r  volumes. 

As p a r t  of t h i s  program, a workshop was conducted €or 
determining  research and development needs i n  LLRW t rea tment .  
Volume 4,  t h e  proceedings of t h i s  workshop, i nc ludes  t h e  formal 
p r e s e n t a t i o n s  and both  panel and g e n e r a l  d i s c u s s i o n s  dealing 
w i t h  such i s s u e s  as d i s p o s a l ,  compaction, and t h e  “below regula-  
t o r y  concern” philosophy. Summaries of i n d i v i d u a l  workshops 
d e a l i n g  with s p e c i f i c  aspects of LLRW treatment are a l s o  pre- 
s e n t e d  i n  t h i s  volume. 
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1. PLENARY SESSION 

1.1 INTRODUCTION, B e  R. RODGERS 

Good morning. Welcome t o  t h e  Workshop on Research and Development 

Needs f o r  Treatment of Low-Level Radioac t ive  Waste from Commercial Nuclear 

Reac tors .  I am B i l l  Rodgers, t he  gene ra l  chairman of t h e  workshop. 1 

would like to t a k e  this oppor tun i ty  t o  in t roduce  some of t h e  people  who 

are r e spons ib l e  for p u t t i n g  t h i s  workshop toge the r .  

F i r s t  of a l l ,  I would l i k e  t o  in t roduce  my cochairman, Bob JoI ley .  

Bob has been r e spons ib l e  f o r  oversee ing  most of t h e  a s p e c t s  of t h e  

workshop and is r e a l l y  probably " the"  person t o  bestow your thanks upon 

f o r  t h e  job t h a t  i s  being done here .  Bob has really worked hard t o  make 

thls workshop a success .  

Next, I would l i k e  t o  in t roduce  t h e  DOE program manager, without  whuin 

w e  could not  be having t h e  workshop, because he is sponsor ing  t h e  p r o j e c t  

that t h i s  workshop i s  a p a r t  o f ,  Dr, Bob Rade-c. 

The t e c h n i c a l  p a r t  of t h e  program, 1 t h i n k ,  Is extremely w e l l  

bajanced i n  t h e  d i s t r i b u t i o n  of the backgrounds of t h e  people who were 
t o  p a r t i c i p a t e ,  and, by t h e  way, a l l  of you w e r e  Inv i t ed .  We d i d  

not  send out  a gene ra l  c a l l  f o r  a t tendance .  We t r i e d  t o  i n v t t e  a par -  

t i cu la r  audlence t h a t  would be balanced,  that would i n t e r a c t  w e l l  i n  a 

warkshop environmente The person who is  the TIIQS~ r e spons ib l e  for this i s  

Herschel  Godbee. 

Arlene Kibbey is a l s o  a t e c h n i c a l  program coord ina to r  who has  worked 

very hard  i n  t h i s  e f f o r t .  The o r g a n i z a t i o n  and arrangements coordinator 

i s  Ed Freder ick .  There i s  a lot of e f f o r t  inwolved i n  g e t t i n g  t h e  orga- 

nized s t r u c t u r e  t h a t  you w i l l  find here  today, and Ed i s  p r imar i ly  respon- 

s i b l e  for t h a t .  

Norma Cardwell  has been in s t rumen ta l  i n  making all. the arrangements 

f o r  ehe workshop; Melinda Bowers, our r e g i s t r a t i o n  person, 

yois probably have mer by now, has also con t r ibu ted  -Ln many ways to t h e  

workshop * 

1 would now like to d i s c u s s  t h e  major goals of the workshop and t h e  

o v e r a l l  assessment t h a t  w e  are doing (Fig.  1). 
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The major goals  of t he  technology assessment i t s e l f ,  which is  the 
o v e r a l l  p ro j ec t  t h a t  w e  are working on, t h a t  t he  workshop i s  a p a r t  of, €s 

t o  come up with a matr ix  of ava i l ab le  technologies versus waste streams t o  

a t d  decisionmakers i n  matching the  beet technology t o  a given waste 

stream, The second goal  is  to determine the  research and development 
needs f o r  t he  most e f f i c i e n t  app l i ca t ion  of technology (Fig. 2). 

To a i d  those o v e r a l l  goals ,  the major emphasis of the  low-level 

rad ioac t ive  w a s t e  workshop i s  t o  determine the  needed R&D t o  give the  best  

technology appl ica t ions .  Being a chemical engineer,  I guess 1 think i n  
terms of equat ions,  so we have a mechanism here  in an equation form, and I 

w i l l  t r y  t o  put i t  i n t o  some words t h a t  make sense. 

If we knew what the optimum technology appl ica t ions  w e r e ,  and w e  

subt rac ted  what is  cu r ren t ly  being done, how cur ren t  technology is  being 

appl ied,  then we would have what is c a l l e d  a technology s h o r t f a l l ,  a gap 

between cur ren t  appl ica t ions  and the  "best  possible"  appl ica t ions .  So, 

today I challenge you t o  think about what t he  optimum technology might be 

€ o r  a stream - j u s t  l e t  your mind wander a l i t t l e .  

W e  have recent ly ,  wi th in  the  last couple of months, completed a survey 

of nuclear reac tor  operators .  The results of tha t  survey give us the  

cur ren t  technology appl ica t ions .  We asked the  operators  what type of 

technology w a s  being appl ied and t o  what stream. Bob Jol ley  w i l l  d i scuss  

t h a t  fn a few minutes. I n  your packet we have included the  r e s u l t s  of 

t h a t  survey. W e  will use t h i s  as the base of how technology I s  cur ren t ly  

being appl ied and, i n  t h e  workshop, we would l i k e  for you t o  determine f f  

t h a t  is a cor rec t  app l i ca t ion  of technology, and i f  not ,  what are some 

th ings  t h a t  we should be doing. 

Thank you. 

Next, 1 would like t o  g ive  an opportuni ty  f o r  Bob Rader t o  say a few 

words t o  YOU and p a r t i c u l a r l y  t o  co r rec t  m e  if I did not s t a t e  the  major 

goals correctly. Bob has an opportuni ty  f o r  r e b u t t a l  t o  t e l l  you what the 

goals r e a l l y  are. 





1.2 WELCOME, R e  G e  W E R  

Thank you, B i l l .  X t h i n k  you go t  t h e  g o a l s  r i g h t .  We worked long 

and hard f o r  those.  

I would l i k e  t o  welcome a l l  of you h e r e  and t o  emphasize how impor- 

t a n t  w e  f e e l  your a t t endance  is. F i r s t ,  I should e x p l a i n  a b i t  about my 

o f f i c e  and why I a m  h e r e ,  and why w e  are i n t e r e s t e d  in low-level radioae-  

t i v e  waste. 

I come from t h e  O f f i c e  of Program Analys is ,  which is w i t h i n  t h e  

O f f i c e  of Energy Research. D r .  T r i v e l p i e c e ,  wha, by l e g i s l a t i o n ,  is t h e  

ch ie f  s c i ence  a d v i s e r  t o  t h e  S e c r e t a r y  of Energy, has  t h e  co rpora t e  

r e s p o n s i b i l i t y  across DOE for R&D assessment.  My o f f i c e  f i l l s  t h a t  

r e s p o n s i b i l i t y  f o r  him. Every y e a r  w e  t r y  t o  do a few assessments  of the 

RiiD, in p a r t i c u l a r ,  areas t h a t  need emphasis o r  need assessments  a t  t h e  

moment. W e  do no t  bend anybody's arm t o  do these assessments;  we  work 

j o f n t l y  w i t h  t h e  program managers. 

The program manager f o r  nuc lea r  energy,  o r  LLRW, is  J e f f  SmiLey - h e  
i s  here  t h i s  morning and 1 t h i n k  many of you know him. W e  began working 

on t h i s  assessment  a lmost  a year ago, warking w i t h  Frank Coffman, who was 

then head of J e f f ' s  o f f i c e .  R i l l  Voight,  who i s  t h e  c u r r e n t  head of t h e  

o f f i c e ,  is  very much behind t h i s  e f f o r t ,  a l so .  

A yea r  ago i t  w a s  d i scovered  t h a t  we had two d i f f e r e n t  communities of 

thought  i n  LLRW. One s a i d  t h a t  t h e  RSID w a s  a l r e a d y  i n  p l ace ,  and t h e r e  

was no remaining f e d e r a l  r o l e  f o r  R&D. Another one s a i d  t h a t  w a s  very 

s h o r t s i g h t e d ,  and w e  should  be looking  a t  what w a s  needed and dec ide  - l e t  

t h e  community dec ide  - whether  t h e r e  were R&D needs. 

So,  i n  p a r t ,  t h a t  is  why you are h e r e  today. W e  l abored  very hard  t o  

g e t  t h e  r i g h t  people ,  as B i l l  s a i d ,  g e t t i n g  a ba lance  of people ,  so  w e  can 

truly r e p r e s e n t  t h e  community when we come out  wi th  t h e  end r e s u l t  of t h i s  

workshop. 

L would encourage you t o  be candid i n  your views. 1 would encourage 

you t o  t h i n k  of what t h e  R&D needs t r u l y  are, without  regard f o r  whether 

t h e r e  i s  a f e d e r a l  r o l e  t h e r e  o r  not .  We w i l l  s e p a r a t e  t h e  f e d e r a l  r o l e  

a t  t h e  end. There i s  a need to have Long-term as w e l l  as shor t - te rm 
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K&D needs expressed. There is, I: know, a great deal of thought: within t h e  

conlmunity that t h e r e  i s  a l o t  of economic benefit that could be gained by 

some short-term R&D, and t h e r e  1s a @ x i a t  d e a l  of R&D t h a t  maybe only the 

E ederal government wall at t e m p t  

But please spread these out and gtve  your thoughts  f u l l  r e i n ,  being 

as c o n c i s e  as p o s s i b l e  w l t h i r r  t h e  time frame that R i l l  has a l lowed  us. 

Thank you. 
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1.3 PURPOSE AND SCOPE OF WORKSHOP AND RESULTS OF SURVEY OF COMMERCIAL 
NUCLEAR REACTORS ON METHODS OF LLRW TREATMENT USED, DISCONTINUED, 
OR UNDER CONSIDERATION, R e  L a  JOLLEY 

1.3.1 Background Informat ion  

Good morning. F i r s t  I want t o  acknowledge a person who has been very 

h e l p f u l ,  the person who is r e a l l y  r e s p o n s i b l e  for  the t e c h n i c a l  eonten t  

and t h e  f l a v o r  of t h i s  workshop - Herschel  Godbee. Most of you know him 

through many y e a r s  of LLRW work. He c o n t r i b u t e d  much t o  make t h i s  

workshop success fu l .  Herschel ,  thank you very  much. 

I have been in LLRW resea rch  f o r  only  1 year. P r i o r  t o  t h a t  I was an  

environmental  chemist .  One of t h e  t h i n g s  I perce ive  c lear ly  as a newcomer 

t o  t h i s  area i s  t h a t  nuc lea r  energy,  which I have been involved wi th  f o r  

30 years, r e a l l y  depends upon waste -what  we do wi th  the waste. That 

seems l i k e  t h e  t a i l  wagging the dog, bu t  t h a t  indeed is t h e  case. The 

p u b l i c  pe rcep t ion  o f  waste t rea tment  and s a f e  d i s p o s a l  i s  very c r i t i c a l  a t  

t h i s  t i m e .  The f u t u r e  of nuc lea r  energy depends upon (1 )  t h e  a b i l i t y  t o  

make nuc lea r  power p l a n t  waste t rea tment  and d i s p o s a l  s a f e ,  economical,  

and environmental ly  sound, and (2 )  t h e  pub l i c  pe rcep t ion  of nuc lea r  waste 

d i spos a1 . 
It appears  t h a t  s u c c e s s f u l  LLRW t rea tment  i s  dependent upon t h r e e  

major f a c t o r s  (and perhaps i n  t h i s  o r d e r ) :  

1. good management p r a c t i c e s  and philosophy; 

2. ded ica t ed  and motivated personnel ;  and 

3 .  a p p r o p r i a t e  and e E f i c i e n t  t rea tment  systems. 

There are s e v e r a l  purposes of t h i s  workshop: (1)  determine t h e  

r e s e a r c h  and development needs f o r  LLRW t rea tment ;  ( 2 )  d e f i n e  how w e  can 

improve i t ;  ( 3 )  i d e n t i f y  t h e  problem areas; and ( 4 )  e s t a b l i s h  t h e  r e sea rch  

and development (R&D) needs. 

W e  need t o  develop a priority order of R&D needs ,  t o  p l ace  t h i s  l ist  

i n  some sort of o rde r  o r  ranking. I do no t  l i k e  t h e  word " p r i o r i t i z e , "  

b u t  t h a t  is i n  cornrnon vogue nowI We a l s o  need t o  prepare  a conc i se  s t a t e -  

ment O E  t h e  R&Q needs, which is  necessary f o r  f u t u r e  program planning, 



8 

_
I
-
-
.
.
-
 

-
I
 

_~ ............- 

_
I
.
.
 
... .- 

I
_
.
.
.
-
.
-
 

F
 

M
 

4
 

Y
 

L
 
e Y

 
-

s
c

 
-
2
 

0
 

*
L

 
0

W
 

u
*

 
J

8
 

I
.
 

0
 

cil 

W
 

0
 
0
 

O
L 

.... 

.... 

.... 

.... 

.... 

_
.
 

.... 

4
 

m
 

2i ,1/ :I 



9 



The scope of t h i s  workshop is  expensive. We are d e a l i n g  wi th  LLRW 

treatinme. only f o r  commercial nuc lea r  r e a c t o r s .  This  morning, we will. 

have a g e n e r a l  background from t h e  speakers  who are e x p e r t s  i n  t h e i r  

a r e a s .  They w.111 d i s c u s s  waste forms and sources, v o l u ~ ~ - r e d u c t P o n  (VR) 

technology, r e g u l a t i o n s  packaging, and t r a n s p o r t a t i o n .  W e  have a panel  

of n a t i o n a l l y  and I n t e r n a t i o n a l l y  known e x p e r t s  t o  d i s c u s s  t h e  important 

areas of compacts, de  m i n i m i s  c r i ter ia ,  and dtspoaal. Then, t h i s  after- 

noon and tomorrow, we w h l l  have workshops i n  every area of LXXW treatmentl, 

To provide  a d d i t i o n a l  background and informat ion  f o r  t h i s  workshop 

and t h i s  DOE program, we prepared a survey  (Fig. 1) t h a t  we s e n t  t o  76 

r e a c t o r s ,  of which 55 are o p e r a t i n g  r e a c t o r s .  We reee ived  41 responses ,  

which I s  about 75% of t h e  o p e r a t i n g  r e a c t o r s .  We t h i n k  t h a t  is a f a i r l y  

good response.  Although t h e  survey  w a s  qu ick ly  done, we t h ink  16 i s  a 

reasonably  good survey. The purpose of t h e  survey  was t o  determine what 

t echno log ie s  are used on what streams, and, also, t o  f i n d  ou t  t h e  s p e c i f i c  

problem areas and r e s e a r c h  needs oE o p e r a t i n g  r e a c t o r s .  From t h i s  survey 

we developed a ma t r ix  of technologles versus waste streams, streams t h a t  1: 

w i l l  summarize briefly. More d e t a i l e d  summaries o f  the survey responses ,  

a l i s t i n g  of problem areas and RFrD needs, and a l i s t i n g  of responding 

n u c l e a r  r e a c t o r s  are g iven  a t  t h e  end of t h i s  s e c t i o n .  

The c u r r e n t l y  used t echno log ie s  are summarized i n  Table 1. The d i f -  

f i c u l t y  wi th  p re sen t ing  summary d a t a  i s  t h a t  many t echno log ie s  have more 

than  one purpose. That i s ,  we are no t  working with black  marbles and red 

marbles and b lue  marbles t h a t  can be sepa ra t ed  n e a t l y  i n  d i f f e r e n t  hags, 

b u t  technologies  a r e  l i k e  multi-colored marbles, which can no t  be d iv ided  

or grouped nea t ly .  The survey ca tegory  dewatertng, for example, i s  r e a l l y  

t r ea tmen t  of water and i n c l u d e s  i o n  exchange and o t h e r  water t r ea tmen t s  in 

a d d i t i o n  t o  dewatering p e r  se. Table  I provides  d a t a  on ttne number of 

process  streams t o  which t h e  "technology" i s  appl ied .  C l e a r l y ,  the most 

used t echno log ie s  are mechanical treatment ( e . g . ,  VR methods l i k e  

compaction), dewaterliag ( p r i n c i p a l l y  i o n  exchange), d e c o n t a d n a t i o n  pro- 

cesses, and s o l i d i € i c a t i o n .  
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Table 1. Currently used technologies 

I -Dewatering 172 
I1 - Thermal, physicochemical 56 
111 - Biological 0 
IV - Sort/segregate 84 
V -Decontamination 142 
VI - Mechanical treatment (VR) 181 

V I 1  - Solidification 121 

More reactor operators are considering the use of mechanical VR treat- 

ments and solidification than other techniques (Table 2). 

these i s  a big emphasis on volume reduction. Several reactor operators 

have discontinued using dewatering, decontamination, and solddificatfon 

techniques (Table 3 ) .  The treatment of water (dewatering) is summarized 

in more detail in Table 4 .  Processes most used are drying, evaporation, 
and filtration. Ultrafiltration, filtration, and evaporation techniques 

are being considered most for adoption. 

You can see 

Ion exchange is the most used physicochedcal technique (Table 51, but 

the most consideration is being given to incineration, a very important VB 

technique- 

Most plant operators use several types of sortinglsegregation 

(Table 6 ) .  
ultrasonic, and chemical treatments. 

The most used decontamination techniques are mechanical, 

Compaction, dismantlement, and cutting and sawing are the most used 

mechanical treatments (Table 7 ) .  Supercompaction and shredding are under 

most consideration as VB techniques for dry active waste. 

In the  area of solidification, cement techniques are most used and 

under most consideration (Table 8). Much consideration is also being 

given asphalt and organic polymer solidification methods. 

I think we have a real challenge today to accomplish everything we 

would like to see accomplished. Again, I would like to express my appre- 

e l a t l o n  to the planning cornnittee and, principally, Ed Frederick and 

Arlene Kibbey, long-time members of the LLRW professfon, who have eontrl- 

buted much to this workshop. 

Our thanks go to all of you for participating in this nationally 

significant workshop. Thank you very much. 
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Table 2 Techniques being cons Ldered 

I -Dewatering 27 
I1 - Thermal, physicochemical 29 

111 - Biological 0 
IV - Sodsegregate 16 
V - Decontamination 27 
VI -Mechanical treatment (VR) 72 
VI1 - Solidification 491 

Table 3. Techniques discontinued 

I - Dewatering 19 
I1 - Thermal, physicochemical 3 
I11 - Biological 0 
IV - Sort/segregate 0 
V -Decontamination 13 

VI -Mechanical treatment (VR) 0 
V I 1  - Solidification 11 

Table  4 .  Dewaterlng 

Tr e a t me n t Use con Dis 

Evaporation 38 6 5 

Drying 49 1 6 

Centrifugation 5 1 4 

Filtration 38 6 0 

Reverse osmosis 2 3 2 

Ultrafiltration 4 a 0 

~ c p t /  coag/f loc/sedi.rn 7 0 0 

Other 27 1 2 
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Table 5. Thermal,  physicochemical, biological 

Tr ea troe nt Use Con D i s  

Ion exchange 41 2 0 

Distillation 11 3 3 

Incinerat ion 

Elect ro ly t IC 

2 24 0 

1 0 0 

Other 1 0 0 

Biological 0 0 0 

Table 6. Sorting and segregation 

Treatment U s e  Con D i s  

Sortinglsegregation 84 16 0 

Decontamination 

Mechanical 

Chemical 

45 4 0 

24 6 7 

Electrolytic 11 10 4 

Ultrasonic 38 6 2 

Other 24 1 0 
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Table 7. Nechanical treatment 

-. 

Use Con Dis c__- Treatment .-- 

Distnant lemenc: 24 1 0 

Cutting, sawing, etc.  36 3 0 

Shredding, grinding 

Baling 

16 29 0 

8 2 0 

Crushlng 3 0 0 

Compaction 71s b 0 

Supercompaction 3 30 0 

Table 8. S o l . l d i f i c a t i o n  

___l- .__. 

use con D i s  

Cement 47 24 10 

Asphalt 9 14 0 

Sorbents 19 5 0 

Glass 0 0 0 

OrganLc polymers 4 5 1 

S lagging 0 0 0 

Other 6 0 0 

-- .-- Treatme [It -. 
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1,3.2 Survey Data 

1 ,  Survey responses €or used technologies (Pig. 2). 

2. Survey responses for considered technologies (Fig. 3). 

3 ,  Survey responses for discontinued technologies (Fig.  4) .  

4 ,  Survey responses f o r  used and considered mobile technologies (Fig. 5 ) -  

5. Listing of identified problem areas. 

6 ,  Listing of identified U D  needs. 

7. Lfsting of responding nuclear power plants. 



-.  
p i g .  2. Survey responses f o r  used rechnologies. 
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Twenty-iswo of 41 responding nuelear p l a n t  operators i n d i c a t e d  the 

following problem areas: 

1. 

2. 

3 .  
4 ,  

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12, 

13. 

14. 

15. 

16. 

17. 

18. 

13. 

20. 

21. 

22. 

23. 

21. 

25. 

2 6 .  

27. 

28. 

2 4 .  

25. 

7 6 .  

77. 

Permanent systen1 ( i n  r re-op)  

In-p lan t  s o l i d i f i @ a t j o n  sytern 

Evaporators 

Travel tng belt f i l t e r s  in radwaete sys t ems  

O i l y  waste 

Wet sliidge 

S t a b i l i z a t i o n  of o i l  and o i l y  i i l a t r r i a l  

F i l t e r s  

Low-level r e s i n  

O i  1 

Sand and m h h l e  

Exposure with cleanup dien ssl  ng solidification 

Contaminated o i l  

0rgani.cs 

Noncompactiblc l i q u i d  stream f i l t  s~rs  

Spen t  res!,n sampling 

Filter d i s p o s a l  methods 

Coba l t  and cesiixm removal v i a  resins 

o i  1 

Mercury 

Li q n i d  se i  otillation cockta i l  

Waste 03 1 decontamination 

S o l i d i f i c a t i o n  of bead r e s i n  (10 CFR S I >  

S o l i d i f i c a t i o n  o f  o i l  arid o i l y  ma t r - rTa l s  

S t a b i l i t y  requi rem X Qf 10 2FR 61 

RUPIZI of wastc (1986)  

C T P T ~ P ~  volume redticf i on 

R e s i n  a c t i v i t y  measursinent 

P rollzccion Lmks 

Mszdling End disposa l  of l i q u i d  r5Finti 1 1  ,Ition v i z k  ( b o t t l e s ) ,  a d  

ae:-osol cans 

S t o t a g e  s p a r e  

n o i l  .' 1 ew 1 ~ v - 1  corntnaiwt;. Son 
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LLRW SURVEY KESULTS: SPECIFIC RLD RECOMMENDATIONS 

Seventeen of 41 respondjng nuclear plant operators indicated the 

following R&D needs : 

1. 

2. 

3, 

4 .  

5 n  

6 .  
7. 

8 ,  

90 

10. 

11. 

12, 

13. 

14 ,  

15. 

16. 

17 e 

18, 
19. 

20- 

218 

22. 

23. 

2 4  * 

2 5 .  

Chemical decontamination of the full reactor coolant system (RCS) 

including fuel 

Methods for destroying chelates 

Reduce and/or remove concerns on exotic nuclides, i.e., C-14 for 

d i s p o s a l ;  cost of analysis outwefghs benefits O K  concerns 

Gamma scan of spent resin storage tank to determine whether 

solidtfication is necessary (currently all resins are solidified) 

Sludge treatment 

Incineration 

Decontamination 

Incineration 

Removal of fines from liquid waste system 

Means of regeneration of bead resin such that nearly 100% i o n  

exchange capaclty is possible, even if the bed were (20% capacity 

before regeneration 

Resin with greater capacity 

Methods for processing o i l  

Methods for processing mercury 

Methods for processing scintillatlon cocktall 

Methods f o r  analyztng non-LSA 

Methods for packaging mechanical f i l t e r  cartridges that exceed waste 

class "'C'8 or 100 nCi/g TRU 

Incfnerat ion 

Dry1 ng 

Mobi 7 e incineratlon service 

ne nanirnis level for release of a i l ,  rubble ,  s a d ,  and low- le~el  restrw 

'rBU low-level analysis 

~ a s t e  stream a n a l y s i s  (10 CFR 61) 
VR fo r  resins 

Inciiwx-ation of DAW and other s a ~ a t e ~ i a l ~  

Develop de minimus 'level f o r  a l l  rtuclides 
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26 .  O i l y  waste 

27. Wet sludge 

25. Cont:aminated o i l  t reatment  and d i s p o s a l  

29. 

30. Economically feasible  VU technologies 

Reliable in-plant solidiEfcntfon system - uncomplicated/ low maintenance 
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Nuclear Power P l a n t s  t h a t  Responded t o  Survey 

M r ,  F. E. Agos t i  
Manager 
Nuclear Opera t ions  
D e t r o i t  Edison 
2000 Second Avenue 
D e t r o i t ,  Michigan 48226 

Nr, K. L. Be i lke  
Chemistry and Hea l th  Phys ics  

Supe rv i so r  
Cooper Nuclear S t a t i o n  
P. 0. Box 98 
Brownville,  Nebraska 68321 

M r .  B i l l  Burkhart 
Ferry Nuclear Power Plant 
10 Center Road.- TA20 
P e r r y ,  Ohio 44081 

MI-* J. A. Coffey 
Tennessee Val ley  Author i ty  
Browns Fer ry  Nuc lea r  Plant: 
P *  0. Box 2000 
Decatur,  Alabama 35602 

MK, J. W. COX, Jr. 
Assoc ia t e  Manager Hea l th  Phys ics  
South Caro l ina  E l e c t r i c  and G a s  Gol 
P. 0. Box 88 
J e n k i n s v i l l e ,  South Caro l ina  29065 

Mr. .J. E, Cross 
GGNS General. Manager 
M i s s i s s i p p i  Power and Light  Company 
P ,  0. Box 756 
Port GLbson, M i s s i s s i p p i  39150 

M r .  Steven K. Davis 
Commonwealth Edison 
L a S a l l e  County Nuclear S t a t i o n  
R. R. I ,  Box 220 
Marseilles, Illinois 61341 

Mr. P a t r i c k  .J. Q o s t i e  

M r .  8. G .  E a s l i c k  
Radwaste Superv isor  
Gulf States  Ut i l i t i es  Company 
River  Bend S t a t i o n  
P .  0. Box 220 
St. F r a n c i s v i l l e ,  Louis iana  70775 

Mr. John E ,  Fryer  
Environmen[-.al Coordinator  
Ind iana  and Michigan Electr ic  C O .  
Donald C. Cook Nuclear P l a n t  
P. 0. Box 458 
Bridgman, Michigan 491106 

Mr. Dennis Gardini-r 
Rancho Seco Nuclear C k w r a t i r r g  S t a t i o n  
14440 Twin C i t l e s  Road 
Herald,  C a l i f o r n i a  95638-9799 

M r .  Ctianning Gerber 
Nine M i l e  Po in t  Nuclear S t a t i o n  

P. 8. Box 32 
Lycoming, New York 13093 

U n i t  1 

M r .  Harold A. Glov ie r  
James A. F i t z p a t r i c k  Nuclear  

P. 0. Box 41 
Lycorning, New York 13093 

Power P l a n t  

M r .  B i l l  Greenman 
I n d i a n  Po in t  No. 3 
Nuclear Power P l a n t  
P. 0. BOX 215 
Buchanan, New York 10511 

Mr. Stephan A. Gunn 
Nuclear Technica l  R e v i e w  S U ~ ~ ~ V ~ S O K  
Wisconsin P u b l i c  Service  Corpora t ion  
P. 0.  Box 19002 
Green Bay, Wisconsin 54307-9002 

Lead ' readiological Con t ro l s  S p e c i a l i s t  
Maine Yankee Atomic Power Company 
P. 0. Box 488 
Wlscasset *ine 04578 
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Nuclear  Power P l a n t s  t h a t  Responded t o  Survey (cont inued)  

Mr. D. F. Hallman 
Georgia Power Company 
Power Generat ion 

Waynesboro, Georgia 30830 
Route 2 ,  Box 299 

M r .  G. W. Hamilton 
Radwaste Engineer 
Callaway Nuclear Plant 
P. 0. Box 620 
FuPtnn, Missouri  65251 

M r .  H. G. Jenklns 
Duquesne Light 
Nuclear Group 
P. 0. Box 4 
Shippingport ,  Pennsylvania 15077-0004 

MP. P e t e r  C. Kwaschyn 
Long I s l a n d  Light ing  Co. 
Shoreham Nuclear Power S t a t i o n  
P. 0. Box 628 
North Country Road 
Wading River,  New York 11792 

Mr. Larry Lawson 
Por t land  General E l e c t r i c  Company 
Trojan  Nuclear Blant  
P. 0. Box 439 
R a i n i e r ,  Oregon 99048 

M r .  Carl N. Lester 
TVA B e l l e f o n t e  Nuclear Plant 
D i v i s i o n  of Nuclear Power 
P. 0. Box 2000 
Hollywood, Alabama 35752 

Mr. T. P. Neal 
P a l i s a d e s  Nuclear P l a n t  
27780 Blue S ta r  FIighway 
C o v e r t ,  Michigan 49043 

MP. Lar ry  Nelson 
Heal th  and Safe ty  Supervisor  
Dairyland Power CooperatLve 
Lacrosse B o i l i n g  Water Reactor 
P. 0. Box 275 
Genoa, Wisconsin 54632 

Mr. John M. Qual l s  
Sequoyah Nuclear P l a n t  
P. 0. Box 200 
Daisy,  T ~ K I I ~ ~ S S E X ?  37319 

MP. M. J. R O S S ,  Manager 
P l a n t  Ope rat i o n s  TMI/ 1 
GPU Nuclear 
Three M i l e  I s l a n d  Nuclear S t a t i o n  
P. 0. Box 480 
Middletown, Pennsylvanla 17057 

Hr. Thomas Schmeiser 
Rad Waste Manager 
Environuental  Heal th  and Saf'ety 
I n d i a n  Potnt S t a t i o n  
Broadway and Bleakley  Avenues 
Buchanan, 3ew York 10511 

Dr. Don Se'nuelke 
Northern States  Power Company 
P r a i r i e  I s l a n d  Nuclear Generat ing P l a n t  
Route 2 
Welch, Minnesota 55089 

M P .  Robekt J. L ~ z o ~  M r .  Vern E. Shockley 
Commonwealth Edison Washington P u b l i c  Power Supply System 
Quad C i t i e s  Nuclear Power S t a t i m  P. 0. Box 968 
22710-206 Avenue North 3000 George Yashington Way 
Cordova, I l l i n o i s  61242 Richland,  Fdashlngton 9935% 

Mr. DanCcl L. Minek Mr. P. .J. Skramstad 
1'1 ant Super I rrtendeni - Nuclear ChemJRad Siipc rinteadent 
Powa Elec t r i r  Light  a n d  Power Company F l o r i d a  Power Corporation 
Duane Arnold Energy Center  Crystal. River Nuclear P l a n t  
P. 0. Box 351 P. 0. Box 12hO 
Cedar Knpdds, Iowa 52406 Crystal River ,  PiorIda 32629 
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Nuclear Power Plants that Responded to Survey (continued) 

Mr. V. Stagliola 
P i l g r L m  Station 
Rocky Hill Road 
Plymouth, Massachusetts 02360 

Mr. T. E. Underwood 
South Texas Project/WL&P 
P .  0. Box 289 
Wadsworth, Texas 77483 

Mr. David L ”  Vaught 
Duke Power Company 
Nuclear Production Department WC-2343 

Charlotte, North Carolina 28242 
(Catawba, Oconee, McGuire Nuclear Plants) 

P a  0.  BOX 33189 

Mr. Carl Wallace 
Tennessee Va 1 ley Author 2 t y 
Watts Bar Nuclear Plant 

Spring City, Tennessee 37381 
P e  0. &X 800 

Mr. 8. H. Webster 
Manager, Radiological and 

Carolina Power and Light Company 
Route 1, Box 327 
New H:ELl, North Carolina 27562 
(Bruoswich and Robinson Nuclear Plants) 

Chemical Support Section 

M r .  James E,  Werner 
Big Rock Pain t  Nuclear Plant 
Route 3 ,  Box 591 
Charlevotx,  Michigan 49720 

Mr. Y e  z. W.il1i.s 
General Manager, Operations 
Shearon Harris Nuclear Project 
P *  0. Box 101 
New H i l l ,  North C a r o l h a  27562 
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1.4 PRESENTATIONS 

1.4.1 Future  Cons idera t ions  f o r  Low-Level Waste Treatment,  L. S. Person 

Future  t rea tment  of law-level r a d i o a c t i v e  waste w i l l  most l i k e l y  be 

governed by new d i s p o s a l  techniques ( i n c l u d i n g  packaging and process ing)  

and must be considered i n  t h e  l i g h t  of any changing r e g u l a t o r y  reqrrire- 

ments. This  s e c t i o n  w i l l  focus  on c u r r e n t  s t a b i l i t y  and c l a s s i f i c a t i o n  

requirements  f a r  low-level waste forms and examine how t h e  c u r r e n t  cri-  

t e r i a  ( e s t a b l i s h e d  t o  ensure  s t a b i l i t y )  must be considered p r i o r  t o  pre- 

p a r i n g  low-level waste forms f o r  d i s p o s a l .  

1.4.1.1 10 CFK 6 1  “Licensing Requirements f o r  Land Disposa l  of 

Radioac t ive  Waste“ 

* Waste C l a s s i f i c a t i o n  and Waste Form 

The most important  requirements  of 10 CPK Pt .  61 t h a t  a f f e c t  

t h e  t rea tment  of low-level waste are requirements on waste form 

and waste c l a s s i f i c a t i o n .  The b a s i c  requirements  f o r  w a s t e  

c l a s s i f i c a t i o n  are conta ined  i n  Sect .  61.55 of 10 CFR Pt.  61. 

Th i s  s e c t i o n  e s t a b l i s h e s  t h r e e  classes of waste based on rad io lo-  

g i c a l  hazard and t h e  radfonucl ide  c o n c e n t r a t i o n  i n  t h e  wastes, 

A l l  t h r e e  classes of waste (Class  A ,  Class B,and Class C) must 

meet minimum w a s t e  form requirements.  

The minimum waste form requirements  are contained i n  

Sect .  61.55(a) and i n c l n d e  requirements  f o r  t h e  minimization of 

f r e e  l i q u i d s ,  t h e  rnri n i r n i z a t i o n  of vo ids ,  and t h e  p r o h i b i t i o n  

a g a i n s t  t h e  d i s p o s a l  of t o x i c  gases  and pyrophoric ,  pathogenic ,  o r  
e x p l o s i v e  materials. Class A waste t h a t  c o n t a i n s  lower con- 

c e n t r a t i o n s  of r a d i o n u c l i d e s  must meet t h e  minimum waste form 

requirements  and be segrega ted  from Class B and C wastes a t  t h e  

b u r i a l  s i t e  unless  s t a b i l i z e d .  

Class B waste is a waste c o n t a i n i n g  h igher  c o n c e n t r a t i o n s  of 

r a d i o n u c l i d e s  than  Class A waste and must meet the  minimum and 

s t a b i l i t y  requirements  of 10 CFR Pt.  61. Class C waste has  h igher  

c o n c e n t r a t i o n s  of rad ionucl ides  than  Class B waste and m u s t  be 

p r o t e c t e d  a g a i n s t  i n a d v e r t e n t  i n t r u s i o n  as w e l l  as m e e t  the minimum 

and s t a b i l i t y  requirements .  This  p r o t e c t i o n  a g a i n s t  i n a d v e r t e n t  

i n t r u s i o n  may be provided by s u c h  means as deeper  b u r i a l  

(below 5 m )  o r  c o n s t r u c t i o n  of long-term b a r r i e r s .  
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One way a wast~ g e n e r a t o r  can demonstrate waste form s t n b i -  

l i t y  i s  by performing t h e  les ts  descr ibed  i n  .the Technical  

P o s i t i o n  (Ti?) on Waste Form. Those tests a i d  i n  determining the  

a b i l i t y  of s o l i d i f i e d  waste o r  c o n t a i n e r  materials t o  he ses l s tan t  

t o  effects such  as radiat ioi i  exposure,  fungal  and b a c t e r i a l  

growth, b u r i a l  s i t e  l o a d s ,  and water bimncrs ion .  The tes ts  

d e s c r i b e d  i n  t h e  TP a l s o  h e l p  t o  provide evidence of ehe waste 

form's  a h i l i t y  t o  wi ths tand  s t r u c t u r a l l y  degrading e f f e c t s  over 

300 years.  

gsi Achieving .- Waste S t a b i l i p  -. _̂. 

There are  s e v e r a l  ways s t a b i l i t y  can be achieved. The waste 

may conta in  i n h e r e n t  stability due t o  i t s  p h y s i c a l  form. Thus, 

metal o b j e c t s  may a l r e a d y  dimensional ly  be stableg and i€ s o ,  

credit can be taken. There are a l s o  Cwo a l te rna t ive  methods 

descr ibed  i n  10 CPR 61 f o r  d e a l i n g  w i t h  wastes t h a t  c o n t a i n  

l i q u i d s .  These wastes can be processed t o  a s t a b l e  form OT placed 

i n  an IILC. The volume of d r a i n a b l c  l i q u i d s  should be no more than 

0.5% f o r  s o l i d i f i e d  produrts and <l.OZ f o r  wastes  i n  H l C s .  In 

addition, s t a b i l i t y  can be provided a t  t h e  b u r i a l  e t t e .  'l'hfs may 

be done through process ing  technology or  engineered d i s p o s a l  

concepts.  

1.4.1.2 N ~ W  eonsiaer.3ti.sns  OH 'LOW-LFJV Waste Treatin -.- I..__ _r___ 

8 Derontami  n a t i o n  Wastes 
_I - 

In t h e  f u t u r e ,  drcontaminat ion wastes w i l l  cons i tu t e  a mctn 

h i g h e r  percentage of waste r e q u i r i n g  d i spcsa l .  T h i s  wBP4 occur i n  

a n  e f f o r t  t o  reduce exposures frail the  bui ldup of activation prod- 

u c t s  and s ludge  i n  nuc lea r  power p l a n t s .  These wastes will be 

c o ~ p o s e d  l a r E e l y  of o-cgani c chela t ing  a g e n t s ,  wli-Fch may complcx 

r a d i  oimclidps and enhance migra:? on i n  b u r i a l  site s o i  Is. T h i s  

w i l l  a l s o  r e q u i r e  g r e a t e r  thzn norma.' care Pn producing a c c e p t a b l e  

s o l € d i f € r a t i o n  prodcucts, as describe(? i n  BNL A-32 i3 .  Orher tech- 

n o l o g i e s  not i n  w i d e  use have k e n  the  s u b j y c t  of recent  research: 

as  r e p o r t e d  i n  BNL.NUREG-52699, and iuay o f E e r  a c c e p t a b l e  alter- 

n;.,t%ves t o  s o l j  d i f i c a i - S o n  alone ( e - ~ .  , ve t  ai I- oxidacisn, iiieinrra- 

t i on ,  p y r o l y s i s ,  ac id  d i g e s t i o n ) .  Some o f  the i-reacmtir  methods 



may n o t  completely degrade c h e l a t i n g  a g e n t s  o r  o r g a n i c s ,  and 

t r e a t m e n t s  w i l l  need t o  be provided f o r  r e s i d u a l  waste streams. 

0 Volume Reduction (VR) 

S ince  many s ta te  compacts r e q u i r e  VR, t h e r e  will probably be 

a n  i n c r e a s e d  demand for new VR systems as t h e s e  compacts are 

enacted.  Addi t iona l  r e s e a r c h  w i l l ,  t h e r e f o r e ,  be r e q u i r e d  to  

e n s u r e  s a f e  and e f f e c t i v e  o p e r a t i o n  of advanced VR systems and t o  

s t u d y  t h e  c h a r a c t e r i s t i c s  of t h e  wastes produced. 

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

I n c i n e r a t i o n  i s  a very  v i a b l e  o p t i o n  even wi th  t h e  p o t e n t i a l  

for  p o l i t i c a l  o p p o s i t i o n  t o  o b t a i n  s t a t e  permits .  For o r g a n i c  

materials, such as s c i n t i l l a t i o n  c o c k t a i l s  and decontamination 

chemicals ,  i t  o f f e r s  a d e s i r a b l e  a l t e r n a t i v e  t o  s o l i d i f i c a t i o n .  

I n c l n e r a t i o n  can degrade organic  chemicals ,  remove t h e i r  hazardous 

p o t e n t i a l ,  and improve t h e  a b i l i t y  of s o i l s  t o  re ta in  radio-  

n u c l i d e s .  A t t e m p t s  t o  i n c i n e r a t e  new kinds of wastes may r e q u i r e  

add i t iona l .  r e s e a r c h  t o  ensure  process  o p t i m i z a t i o n  arid c o n t r o l .  

Decommissioning Waste 

Decommissioning waste streams are no t  y e t  clear1.y def ined.  

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  rubble ,  and 

o t h e r  k inds  of waste t h a t  are genera ted  from d e c a d s s l s n i n g  f a c i l -  

i t i e s .  This research must be done wi th  an eye toward what wkll 

be requi red  by states f o r  d i s p o s a l  as w e l l  as opt imiz lng  pro- 

cc s s i n g  - 
* Engineered Disposal  

Engineered d i s p o s a l  W i l l  be eva lua ted  us ing  similar con- 

s i d e r a t i o n s  and c r i t e r i a  I n  pl.aee f o r  conventional. shallow-land 

b u r i a l .  In some cases ,  engkneered d i s p o s a l  s t r u c t u r e s  nay be 

designed t o  provide waste stability, Under t h e s e  c o n d i t i o n s ,  

d e t a i l e d  w a s t e  s t ream s t a b i l i t y  t e s t i n g  may not be needed. Two 

examples of englneered d i s p o s a l  concepts  are provided below. 

- Westinghouse "SSurPack" 

The Westingliiouse Surepack i s  a concre te  module, o r  over- 

pack, wMch can be used to provide stability to r e s i n  liners, 



s o l i d i f i e d  wastes, dry  active waste, etc. The module is  hexag- 

a n a l  in shape and i s  designed t o  be s tacked  and t i g h t l y  packed 

i n  d i s p o s a l  u n i t s .  Once the  waste i s  placed i n  Surepack 

Modules, t h e  void spaces  i n  t h e  modules are grouted wi th  

c o n c r e t e  before  being c losed  wi th  a concre te  cover having 

pro t ruding  retnforcement  bars. The reinforcement  bars p e n e t r a t e  

i n t o  t h e  grout  and are s t a b i l i z e d  when t h e  g r o u t  hardens.  These 

modules could be eva lua ted  as HICs and could provide s t a b i l i t y  

f o r  all wastes shipped f o r  d i s p o s a l .  

- Ia Centre  D e  La Manche 

La Centre De La Manche is a French government owned and 

opera ted  d i s p o s a l  f a c i l i t y  l o c a t e d  near  Cherbourg, France. The 

d i s p o s a l  u n i t s  for t h i s  f a c i l i t y  are c o n s t r u c t e d  by f i r s t  exca- 

v a t i n g  a l a r g e  trench. Once t h e  t r e n c h  i s  excavated,  a concre te  

pad i s  l a i d .  On t h i s  pad, wastes are encapsula ted  wi th  cement 

t o  form a l a r g e  monolith. On top  of t h i s  monolith lower-ac t iv i ty  

wastes arc s tacked  t o  create a tumulus. The e n t i r e  f a c i l i t y  is 

t hen  covered with 3 m of s o i l ,  revegeta ted ,  and contoured t o  t h e  

n a t u r a l  surroundings,  The des ign  i n c o r p o r a t e s  a s p e c i a l  d ra inage  

system t o  c o n t r o l  l i q u i d s  p e r c o l a t i n g  through t h e  f a c i l i t y  and t o  

a l l o w  monitor ing p r i o r  t o  d ischarge  or  f u r t h e r  processing. 

@ P o t e n t i a l  Requirements -I f o r  Greater than  -.-_ Class C Waste 

I n  g e n p r s l ,  a genera tor  must be cognizant  of any t rea tment  

method t h a t  might cause r e r o n c e n t r a t i o n  of wastes which w i l l  

change their  waste class. H e  must be a b l e  to reasonably q u a n t i f y  

h i s  r a d i o a c t t v e  w a s t e  c o n s t i t u e n t s  and should have a process 

c o n t r o l  p l a n  t o  ensure t h a t  waste  c o n c e n t r a t i o n s  do n o t  s i g n i f i -  

c a n t l y  d e v i a t e  from what is antieipatedP For wastes t h a t  c o n t a i n  

c o n c e n t r a t i o n s  01 r a d i o n u c l i d e s  g r e a t e r  than  t h o s e  l i s t e d  f o r  

Class C,  a d d i t i o n a l  requirements  are now being i d e n t i f i e d .  These 

w i  1 I inc lude  addi t i o n a l  i n t r u d e r  barriers as w e l l  as demonstrat ion 

t h a t  t h e  performance o b j e c t i v e s  contained i n  Sect.  61.58, Pt. 41 

w i l l  be m e t .  These performance objecLlves inc lude  r e s t r i c t t o n  on 

release of r a d i o a c t i v e  matrrlal  t o  t h e  general p u b l i c ,  p r o t e c t i o n  of 

iridFviduals from inadvert  en t  i n t r u s i o n ,  p r o t e c t i o n  of workers, and 

measures t o  ensure  s t a b l l i t y  of t h e  d i s p o s a l  s t t e  a f te r  c losure .  
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1.4.2 Problems Have So lu t ions ,  S. A. Hobart 

I o r i g i n a l l y  planned t o  t a l k  about low-level w a s t e  forms and sources ,  

bu t  have decided i n s t e a d  t o  t a l k  t h i s  morning on t h e  s u b j e c t ,  "Problems 

Have Soluti.ons." 

The purpose 05 th i s  workshop is  t o  i d e n t i f y  areas r e l a t e d  t o  low- 

l e v e l  r a d i o a c t i v e  w a s t e  t h a t  need r e s e a r c h  and development, areas where 

DOE funding could be b e n e f i c i a l .  

1 w a s  asked t o  p a r t i c u l a r l y  d i r e c t  my remarks t o  the s u b j e c t  of LLRW 

forms and sources .  We do not  have t o  look f a r  i n  t h a t  area t o  f i n d  

problems. Finding t h e  s o l u t i o n s  is  more d i f f i c u l t ,  but t h e r e  are solu- 

t i o n s  t o  be found. 

This  morning I w i l l  res t r ic t  my remarks t o  LLRW genera ted  from com- 

m e r c i a l  n u c l e a r  power p l a n t s .  I w i l l .  speak on t h r e e  t o p i c s ;  f i r s t ,  on t h e  

i d e n t i f i c a t t o n  of forms and sources ;  second, t h e  c u r r e n t  problems r e l a t e d  

t o  forms and sources ;  and t h i r d ,  ongoing a c t i v i t i e s  i n  s e a r c h  of so lu-  

t i o n s .  I w i l l  conclude my remarks by a sk ing  each of you to accept a 

cha l l enge  t o  p a r t i c i p a t e  i n  f i n d i n g  t h e  remaining s o l u t i o n s .  

There are two sources  of LLUW gene ra t ed ,  f i s s i o n  products  from 

l e a k i n g  f u e l  elements and a c t i v a t e d  c o r r o s i o n  products from c i r c u l a t i n g  

c o r r o s i o n  scale r e l eased  by t h e  balance-of-plant systems. The rad io-  

n u c l i d e s  c i r c u l a t i n g  i n  t h e  coo lan t  are removed i n  p u r i f i c a t i o n  s y s t e m s  by 

u n i t  o p e r a t i o n s  such as i o n  exchange, f i l t r a t i o n ,  and evapora t ion .  These 

p u r i f i c a t i o n  systems are t h e  sou rces  of p rocess ing  waste. Contamination 

from p ip ing  leaks or  maintenance a c t f v i t i e s  form t h e  sou rces  of main- 
tenance  waste. 

If we c a t e g o r i z e  a l l  t h e  waste produced, we w i l l  f i n d  f o u r  b a s t c  

forms: ( 1 )  l i q u i d s  and s o l t d s ,  such as evapora to r  c o n c e n t r a t e s ,  decon 

s o l u t i o n s ,  and o i l s ;  ( 2 )  w e t  s o l i d s ,  such as i o n  exchange r e s i n s ,  wec char- 

c o a l s ,  or w e t  c a t a l y s t  f i l t e r  s ludges ;  ( 3 )  d r y  s o l i d s ,  of which t h e r e  are 
no t  many examples c u r r e n t l y ,  but ash ,  powder from d r y e r s ,  and d ry  resin can 

c e r t a i - n l y  fit: i n  t h a t  ca tegory ;  and ( 4 )  dry  a c t i v e  waste (DAW), which i s  

e v e r y t h i n g  e l s e .  These are t h e  waste f o r m ,  as genera ted .  

There are t h r e e  c l a s s i f i c a t i o n s  of shipments: Type A, Type B, and 

low s p e c i f i c  a c t t v t t y ,  or LSA (F ig .  1 ) .  Types A and B are based QII 



36 m
a

 

r(pl 



cdntained total quantities of radioactive material; A has the lowest quan- 

tity, B is higher. Material having a low level of activity per unit mass, 
that is microcuries per gram, is labelled LSA. Dry active waste 

(primarily maintenance waste) generally falls into the LSA category. 

that is required of that container is that it be strong tlght. Typically, 

the waste is compacted into 2 1 0 4  (55-gal) drums or metal or plywood 
boxes. The rest of the power plant waste (processing waste) is shipped as 

Type A or B. That waste can be solidified into 210-L (55-gal) drums or 

disposable liners for casks. Dry powders or moist solids can be shipped 

in a nonsolidiffed state in disposable liners f o r  very low levels  of 
radioactivity, or high-integrity containers, known as HICs. Process 

pipfng components can usually be dfsposed of DAW or in liners 

(unsolidified). These three forms, solidified, nonsolidified, and com- 

pacted wastes, are the three disposal forms of low-level radioactive 
was te. 

All 

To summarize, we have identilFied the sources of LLRW, that is, 

fission products and activated corrosion products, removed by the plant 

purification systems and generated by regular maintenance activities. We 

Rave identified the waste forms as generated, liquids and slurries, wet 

solids, dry solids, and DAW. Finally, we have identified the disposal 

waste forms, solidified, nonsolidified, and compacted (Fig. 2 ) .  

I would like now to address the issue o f  problems related to LLRW 

sources and forms. Kadwaste became a critical issue f o r  utilities about 7 
years ago f o r  two reasons ,  increasing volumes and rising costs. Volumes 

were an issue both a t  the plant level ,  where the operators were being 

inundated by waste they could not ship, and at the national level, because 

the Increasing demand and decreasing supply of burial space caused price 

escalations. 

From the util-lty perspective, the solution to the problem could be 

addressed by attempting to minimize the waste generated and optimizing the 

processing of those wastes for d i s p o s a l .  That sounded like a simple 

approach. It turned out not to be so simple, however, Utilit-hes began 

ImpLementing this philosophy 5 to 6 years agoI As a result, many new 

ohstac1.e~ have developed, reventing the solution of The original problems 

of increasing volumes and rising costs, 
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Minimizing waste generated is indeed the ultimate solution to the 

issue of LLRW. Utilities have shown great initiative in trying to mini- 

mize waste at its source. Special waste reduction campaigns have been 

implemented, entailing publicity and recognition €or employees generating 

waste minimization ideas. Rand-in-hand with those efforts has been an 
increase in personnel training and the promotion of radwaste awareness 

site-wide. These efforts have not, however, received as much time or 

attention as efforts to reduce the volume of waste after it has already 

been generated. This topic of volume reduction will be covered in more 

detail by a later speaker. I will indicate here only a summary of the 

ways that can be used to reduce the volume of generated waste (Fig. 3 ) .  
Additional compaction, incineration, increased waste loading, and advanced 

chemtcal process equipment all involve putting more radioactivity into a 

smaller volume. The disposal of low-level quantities as uncontaminated 

waste, also known as de minimis or “Below Regulator Concern” (BRC) dispos- 

al, reduces the volume of wastes requiring special handling as radwaste. 

Some illustrations of volume-reduction equipment that are still considered 

nove l  include: shredders, which can be used either in place of compaction 

o r  as compactor feed preparation; super-compactors, which take compacted 
waste and super compress them €nto “hockey pucks”; dryers and incinerators 

that have been developed for liquid slurries and combustible shredded 

material; and waste extruder-evaporators, in which evaporation and solidi- 

fication occur in the same unit. 

Volume reduction is not the ultimate solution, however (Fig. 4 ) .  

Indeed, implementing these volume-reduction systems has caused us addi- 

tional problems. The first problem that appeared was with evaporators. 

We have proven to ourselves that we cannot use fruit juice concentrators 

t o  process radwaste. We have also put a bad taste in the mouths of uti- 

lity operators for any chemical process equipment that is similar in 

nature. Advanced volume-reduction systems f o r  concentrating waste are 

costly and are complex t o  operate. Furthermore, they do riot address the 

real I ssue  of generating the radioactive waste; t h e y  only  address the 
pol i t i c a i  problem OF its volume. P e r s o n n e l  radhatican exposure i s  

incredserl with the iise of vchlurne-rerluctd.on equdpment  a They are sophisti- 

cal-& sys tems;  therefore, they require more r n a i  n t e n m c e .  Tne higher 
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VR Solutions Were Not 
Itirnate Solutions 

vaporators originally of poor design 

e Increased complexity/cost of sophisticated 
VR systems 

e Increased personnel exposure 

Potential for shifting waste package 
classification 

otential landfill or plant-area 
contamination 

Fig. 4 ,  Problems encountered in volume reduction. 
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r a d i o n u c l i d e  conten t  per  drum r e s u l t s  i n  h ighe r  r a d i a t i o n  f i e l d s  i n  

s t o r a g e  areas a t  t h e  p l an t .  Conceivably, w a s t e  c l a s s i f i c a t t o n  could be 

a l t e r e d  by p u t t i n g  so much waste i n  one c o n t a i n e r  t h a t ,  for i n s t a n c e ,  TSA 

waste could become Type A, o r  Type A could become Type B ,  T h i s  c l - a s s i f i -  

c a t i o n  s h i f t  would r e s u l t  in an I n c r e a s e  i n  cost and t i m e  f o r  t h e  u t i l d t y  

t o  d i spose  of t h e  material. D-iscardlng packing materials be fo re  they  

en ter  into a r a d i a t i o n  zone is prudent.  Discard ing  materials t h a t  have 

been t h e r e  e n t a i l s  some r I s k .  W e  have a l r e a d y  seen  a case or  two of con- 

taminated l a n d f i l l s ,  It i s  not: i nconce tvab le  t h a t  we could have rad ioac-  

t i v e  snow o r  r a i n  r e s u l t i n g  from burning or contaminated r a d i o a c t i v e  

waste. Therefore ,  the whole i s s u e  of de rn3nLnrPs or BRC d i s p o s a l  i s  r a t h e r  

open-ended. We do no t  know what problems w a l l  be genera ted  from t h i s  

p r a c t i c e  e 

Tn a d d i t i o n  t o  t h e  t e c h n i c a l  problems we have c r e a t e d  €or  ou r se lves  

in concen t r a t ing  on volume reduc t ion  rather than  r educ t ion  of waste 
sources ,  now t h e r e  are new problems due t o  “environmental” f a c t o r s ,  t h a t  

is, f a c t o r s  o u t s i d e  our c o n t r o l  (Pig. 5 ) .  ‘fie c u r r e n t  u n c e r t a i n t i e s  w i th  

t h e  timing of compacts and dec reas ing  waste volume a l l o c a t i o n s  a t  e x i s t i n g  

b u r i a l  s i tes raise two i s s u e s :  how do we cont inue  t o  reduce volume 

sh ipped?  and Must w e  provide  o n - s i t e  s t o r a g e  “ j u s t  In case”“? Another 

r e l a t e d  q u e s t i o n  i s  whether states w i l l  have t h e  r i g h t  t o  f o r c e  p l a n t s  eo 
hold  incompat ib le  w a s t e  forms from h o s p i t a l s  and l a b o r a t o r i e s  i n  o n - s i t e  

s t o r a g e  f a c i l i t i e s .  B u r i a l  s i t e  requi.rements f o r  waste forms are not  uni- 

form: Nevada r e q u l r e s  s o l i d i f l c a t l o n  of r e s i n s  and allows no HI&; 

Washington a l lows  absorbed l i q u i d s  and o i l s ,  bu t  the o t h e r s  w i l l  not.  It 

appea r s  that  t h i s  s i t u a t i o n  w i l l  on ly  get worse. The requirements of the! 

new compact b u r i a l  s i t e s  are completely unknown, S ince  s ta te  p o l i t i c i a n s  

w F l l  be involved ,  i t  I s  l i k e l y  they  wPll be more s t r i n g e n t .  In  what ways? 

What k inds  of p a p e n ~ r k  will be r equ i r ed?  What waste forms? What 

advanced n o t i c e  of i n - t r a n s i t  traclclng? Mow can we prepare now wlrren we 

do not  know for what t o  prepare? Mew f e d e r a l  r e g u l a t o r y  concerns have 

ar i sm.  It could be argued t h a t  we caused those as a r e s u l t  of putting 

more r a d i o a c t i v i t y  I n  each con ta ine r .  So now, trow do we bes t  i d e n t i f y  the  

i s o t o p e s  i n  t h a t  waste? Are s c a l i n g  f a c t o r s  t h e  answer? Are they in the  

b e s t  I n t e r e s t  of either the ~xrrlie:Lry or t h e  p u b l i c ?  How do we monitw and 

p r e d i c t  hydrogen genera ted  from r a d i o l y t i c  deg rada t ion  of organic 
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materlals, such as restns? More sertously, how do w e  make t h a t  waste form 

s t a b l e  a t  the b u r i a l  s i t e  over  t h e  long term? 

I have j u s t  i d e n t l f l e d  many problems t h a t  s t a n d  i n  t h e  way of mini- 

mizing waste and complying w i t h  waste form cr i ter ia  and waaild l i k e  t o  

r e t u r n  to t h e  theme s t a t e d  a t  the beginning of the t a l k :  "'Prablems do 

have Solu t ions ."  S o l u t i o n s  a1 ays r e q u i r e  thought ,  i a g i n a t  im, ana 

c r e a t i v i t y .  Solut ions  o f t e n  r e q u i r e  investment of t i m e  and money. T h i s  

l a s t  i s  t h e  area t o  be addressed  by t h i s  workshop, that  is, i d e n t i f y i n g  

areas where DOE fundlng of R6D would be h e l p f u l  (Fig. 6 ) .  

To be e f f e c t i v e ,  DOE efforts must be coord ina ted  wi th  and complimen- 

tary t o  e x i s t i n g  work. This  raises the ques t ion ,  however, of what 

approaches have a l r eady  been t aken  f o r  f i n d i n g  s o l u t i o n s ,  Ut i l i t i es  and 

s e r v i c e  companies are working t o g e t h e r  t o  develop computerized methods f o r  

w a s t e  t t ack lng .  A s  we become mort? aware oi i t s  gene ra t ion ,  i t  becomes 

much easier t o  addres s  the i s s u e  of seduc t ion  a t  t h e  source.  F u e l  

s u p p l i e r s  have been a t t empt ing  t o  prov4.de b e t t e r  f u e l ,  a r c h i k c t / e n g i n e e r s  

have been a t t empt ing  t o  provide  b e t t e r ,  nore c o r r o s i o n - r e s i s t a n t  des igns ,  

and u t i l i t i e s  have been making a n  e5fort t o  curb  DAV genera t ion .  

A g r e a t  d e a l  of effort and money has gone i n t o  t h e  area of volume 

reduct ion:  EPRI  has funded S U ~ V ~ Y S  o f  equipmeot a v a i l a b l e  and the  E~COXIPB~-- 

ics of u s i n g  t h a t  equipment; DOE has fu rn i shed  a g r a n t  far development 

and l i censdng  of t h e  mobile Inclneratoe a$. Go onwealth Edison. ServPce 

companies are s t a r t i n g  to  provide  regional volume-reduction f a c i l i t i e s -  

(1 would i n s e r t  h e r e  a reminder, however, t h a t  volume reduc t ion  may be a 

p o l i t i c a l .  n e c e s s i t y ,  bu t  i c  i s  no t  the ultimate answer t o  LLRW.Xt: does 

g e n e r a t e  i t s  o m  set of problems.) 

U t i l i t i e s  have fo rced  t h e  issue of de dnPnl3 or  BRC d i sposa l .  

Vendors have done some work on improved low-level monitors,  but,  basi-  

c a l l y ,  we are S t i l l  taking rlsks. 

Arch i%ec t / eng inee r s  and service csmpanfes have provided us with the  

means of s t o r i n g  waste oa-s l te .  S t i l l  t o  be addressed  i s  the preventLon 

of: helng  forced  t o  accep t  nonplant waste by the  states (Fig.  7 ) .  

I n  t h e  area of paperwork, DOE has helped hy funding she development 

of the  uniform manifes t ,  and they are funding r e c e r r i f i c a t i o n  of 210-L 

(55-gal) drums, i n  response t o  DOT coiice~ns. 



Work Toward Solutions 
Is In Progress 

* MINIMIZING WASTE PRODUCTION 
In-plant waste tracking 

* MINIMIZING VOLUME SHIPPED 
conornics (EPRI) 

Mobile VR (DOE) 
Regional VR 
Enhanced IX loading (EPRI) 

e PREVENTING BRGRELATED “ACCIDENTS” 
monitoring devices 

Pfg. 6.  Progress toward solution of problem areas. 
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Is there a way of ensuring that the publication of a national mani- 

fest will encourage its adoption by compacts, however? 

Utilities are working with service companies to develop process 

control plans that ensure proper solidification. Problems with dewater- 

ing and freestanding water remain, however. Some work at "MI was per- 

formed using alcohol to dewater resins, but utilities have been hesitant 

to take the associated risk with implementing that technology. 

Although both E P R I  and Atomic Industrial Forum (AIF)  have funded some 
work on the estimation of isotopes by using scaling factors, these 

approaches lead to conservative estimates and do not ensure an accurate 
accounting of radioactivity placed in the burial trenches. It is doubtful 

whether grab samples taken midstream can be considered representative of a 

full liner of waste. Although making an isotopic estimate Erom a gross 

gamma dose may be reasonable under normal operating conditions, we know 
it assuredly is not during special operations such as decontamination. 

For this reason, more work on improved isotopic monitoring probably needs 

to be funded. Methods and instrumentation for scanning pipes during waste 

transfer and 'counting' filled casks have already been pursued through 

EPKI funding. 

EPRI  has been funding some work on development of a computer program 

Service companies have devel- to predict hydrogen generation from waste. 

oped hydrogen vents on waste containers. We need to ensure that the waste 

forms will be stable at the burial site, in the burial trench, over the 
long term. Perhaps the most critical short-term question is, How can we 

be assured the compact requirements for waste forms will be uniform and 
reasonable? 

In summary, we have identified the sources af low-level radioactive 

waste and described waste forms and disposal forms (Fig. 8 ) .  We have 

looked at the original LLRW problems of increasing volumes and increasing 

C Q S ~ S  and have discussed the current plant problems with achieving waste 

minfmfzat ion.  We have examined some current activities aimed at funding 
solasttons and have noted areas where inore work appears to be needed. 

I want to end with the thought that there is an issue beyond cost -  

benefit in the search for LZRW solutions, the I ssue of stewardship, 

is the earth on whiek we live, We have the r e s g o n s i b i l t t y  of managdrag 

raddoactive wast:e to ensure the safety of ou r  worEB and f u t u r e  genera- 
clans. We a l so ,  however, have the responsibility to convey our  dedication 

This 



I” 



49 

far those solutions to the public. By assuaging their concerns, we will 

not  preclude the use of the most environmentally safe energy technology 

today, nuclear power. 

In the interest of encouraging this stewardship, I want to present a 

challenge to each attendee (Fig. 9). I challenge utilities to continue 

their pursuit of solutions, recognizing that the primary motivation to 
date  has been economic. 1 challenge you now to go the extra mile; to 

dedicate yourself to waste minimization and volurne reduction, even in 

marginally cost-effective situations, for  the benefit of the industry. X 

challenge the architect/engineers and equipment manufacturers t o  set their 

si tes  beyond acceptabtlity; to set standards according to what is best, 

father than what is expedient; to focus on the problem, prevention of 

waste through reduction of fission product release and corrosion product 

transport 1: challenge the regti latory agencies to continue their Eunc- 
tfons of safeguarding the pub1j.c. But I further challenge you to instill 

enthusiasm and vitality into your everyday work, S O  that the momentum and 

enthusiasm provrhded with the passage of the Nuclear Waste Policy Act will 

continue, and the Industry will be encouraged. toward progress, I cummend 

DOE and challenge them to follow through on their interest in provlding 

RbD funding for low-level waste. H further challenge you tu coordinate 
your  efforts with existing R&D sponsors,  such RS Empire Stat-e Electric 

Energy Research Cenker (ESEERCO), EPRI ,  and AIF9 so that the work will be 

fruitful and complementary. 

Finally, I charge every attendee at this workshop to remember that 

problems do have solutions, The reason we are here t h i s  week is to iden- 

tify avenues l ead ing  toward those solutions. Let each one of us go Int.o 

the  workshop sessi-oras committed co w e  our minds, experiences, and imagi- 

nations to identify potential so lu t ions .  I assert that the contributions 
w e  as Individuals make thFs week may well be same sf the most impostant 

work of our careers. Let each o t  us be a part  of the solution. 
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1.4.3 VRTECH and t h e  Volume Reduction Option, C. M. Koplik and M. S .  G i u f f r e  

Reducing t h e  volume of r a d i o a c t i v e  waste g e n e r a l l y  lowers i t s  b u r i a l  

c o s t .  In some cases t h e  r e s u l t i n g  sav ings  can pay for t h e  expenses of 

volume reduc t ion ,  i n c l u d i n g  t h e  investment i n  equipment. The VRTECH code, 

developed as p a r t  of a major EPRI-sponsored s tudy  of volume reduc t ion ,  is  

used t o  assess t h e  economics of VR equipment ope ra t ions .  The p r o j e c t  team 

f o r  t h e  s tudy  c o n s i s t e d  of TASC, Burns and Roe (who provided equipment 

d e s c r i p t i o n s ) ,  and RAECO (who provided t h e  b u r i a l  c o s t  models); t h e  

r e s u l t s  of t h e  s tudy  have been publ i shed  as a five-volume EPRZ r e p o r t ,  

NP-3763. 

The VRTECH computer program is  a t o o l  f o r  t h e  u t i l -L ty  d e c i s i o n  maker. 

T A X  a n a l y s t s  designed i t  t o  supply t h e  c o s t  in format ion  needed by u t i l i -  

t ies when choosing among waste management opt ions .  The program f a c i l i -  

t a tes  economic comparisons between a l t e r n a t i v e  waste t r ea tmen t  and d i s p o s a l  

systems. It t r a c k s  t h e  movement of wastes from g e n e r a t i o n  t o  b u r i a l ,  

de te rminlng  t h e  c o s t s  i n c u r r e d  a t  each s t e p  a long  t h e  way. By i n c l u d i n g  

p r i c e  e s c a l a t i o n s  and t h e  t i m e  v a l u e  of money i n  t h e  c a l c u l a t i o n s ,  VRTECH 

e v a l u a t e s  a l l  c o s t s  on a common b a s i s  t h a t  may be chosen by t h e  program 

user. 

The t i m e  v a l u e  o f  money is accounted f o r  by c a l c u l a t i n g  t h e  p re sen t  

v a l u e  of revenue r e q u i r e d  (PVRR) €or  t h e  equipment l i f e t i m e .  The PVRR i s  

t h e  amount of money t h a t  would y i e l d  s u f f i c i e n t  revenue t o  pay for a l l  

d i s p o s a l  c o s t s  dur ing  t h e  equipment o p e r a t i n g  l i f e ,  i f  i t  were a l l  

i n v e s t e d  a t  some i n i t i a l  t i m e .  

F igu re  1 i l l u s t r a t e s  t h e  process  f o r  a c a l c u l a t i o n  made in December 

1982 d o l l a r s .  F i r s t ,  t h e  1982 c o s t  is c a l c u l a t e d  f o r  a p a r t i c u l a r  VR 

op t ion .  This i s  then  e s c a l a t e d  t o  de te rmine  a c t u a l  c o s t s  over  t h e  equip- 

ment l i f e t i m e .  This s t r i n g  of c o s t s  is then  l e v e l i z e d  over t h e  equipment 

i n - s e r v i c e  l i f e t i m e  (assumed h e r e  t o  begin  i n  1987) and amortized t o  a 

s i n g l e  payment. T h i s  amount is then  expressed  in 1982 d o l l a r s .  

The VRTECH program has  t h r e e  impor tan t  f e a t u r e s  t h a t  can g r e a t l y  a i d  

in making e f f e c t i v e  dec i s ions :  

1. f l e x i b l e  program c o n s t r u c t i o n ;  

2. easy ,  inexpens ive  s e n s t t i v i t y  a n a l y s i s ;  and 

7, an  e x t e n s i v e  i n t e r n a l  d a t a  base. 
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Fig. 1. 'Present vahie f o r  revenue requtred (PVKR) concept. 
/ 
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Modular program c o n s t r u c t i o n  gua ran tees  t h a t  VRTECH can be qu ick ly  

modified t o  i n c o r p o r a t e  t h e  s p e c i f i c  des ign  f e a t u r e s  of any radwaste 

t r ea tmen t  system. U t i l i t y - s p e c i f i c  des igns  o r  p re fe rences  can g r e a t l y  

change t h e  radwaste economic p i c t u r e .  VRTECH i n c o r p o r a t e s  t h e s e  d i f -  

f e r e n c e s  e a s i l y  and q u i c k l y ,  thereby  i n c r e a s i n g  conf idence  that t h e  analy- 

sis c o r r e c t l y  inc ludes  a l l  r e l e v a n t  economic f a c t o r s .  

VRTECH g r e a t l y  f a c i l i t a t e s  s e n s i t i v i t y  ana lyses .  A thorvtagh economic 

s tudy  of a VR op t ton  r e q u i r e s  hundreds of i n p u t s ,  i n c l u d i n g  many predic- 

t i o n s  of the f u t u r e .  The t o t a l  cos t  of radwaste d i s p o s a l  i s  extremely 

s e n s l t i v e  t o  these i npu t s .  VRTECH's des ign  allows t h e  s w i f t  and efficient 

e v a l u a t i o n  O F  these s e n s i t f v i t i e s .  In  one s tudy ,  VRTECH eva lua ted  t h e  

radwaste d i s p o s a l  c o s t s  of over  3000 s e p a r a t e  cases i n  on ly  3 min of corn- 

p u t e r  t i m e ,  By examining the  s e n s i t i v i t y  r e s u l t s ,  a u t i l i t y  execu t ive  can 

unders tand  the consequences of his d e c i s i o n  under a wide v a r i e t y  of poten- 

t i a l  futures. In t h i s  way he can mini.mize t h e  management r i s k  i n h e r e n t  i n  

radwas te  system modi f i ca t ions .  

c o n t a i n s  a Large i n t e r n a l  d a t a  base t h a t  i nc ludes  t h e  l a tes t  

ava i lahfe  informat1 on on radwaste gene ra t  ion,  VR equipment performance and 

costs ,  and b u r i a l  ground p r i c ing .  The radwaste gene ra t ion  d a t a  c o ~ t l -  

t u t e s  the b e s t  e x i s t l n g  compi la t ion  of i n d u s t r y  expe r i ence ,  i nc lud ing  year- 

to-year var fa t tons .  The VU equipment c o s t s  are extremely u s e f u l  f o r  

f n f t l a l  screenfng s t u d i e s .  Fourteen VIP equipment op t ions  are p r e s e n t l y  

i n c l u d e d  i n  the  VKTECH d a t a  base. Each optPon i s  descslbed by i t s  rad- 

waste throughput and t h e  complete cos ts  sf  purchase and i n s t a l l a t i o n ,  a8 

w e l l .  as the c o s t s  of opera t ion  and maintenance. The d a t a  base aLlaws f o r  

c a l c u l a t i o n  o €  the costs of a n - s i t e  storage based nn the vcalumes of pro- 

ces sed  waste and t h e  d e s i r e d  s t o r a g e  period. Seve ra l  b u r i a l  ground 

pr-hcing a lgo r i thms  are inc luded  i n  the d a t a  base, cover ing  the existing 

sites as well as pro.fected prices f o r  futrmre s i t e s ,  

TASC i s  current1.y developfng a PC v e r s i o n  of VRTECH, which w i l l  soon 

be a v a i l a b l e  from EPWI. The new code w i l l  be  much more user  f r i e n d l y  than 

the minframe vershon. The trade-off 1s a s l i g h t l y  smaller i n t e r n a l  data 

base  and slower execut ion .  The PC ver s ion  w i l l  be most u s e f u l  f o r  s m a l l -  

scale i n v e s t i g a t i o n s ,  wh i l e  t h e  mainframe program w i l l  be b e t t e r  f o r  

l a r g e - s c a l e  e comprehensive s t u d i e s  e 
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The fo l lowing  d i scuss ion  i s  based on t h e  EPRI-sponsored s tudy  men- 

t i o n e d  p rev ious ly  ( t h e  EPRI  Program Manager w a s  M. Naughton). The analy- 

s is  is  presented  i n  two p a r t s .  The f i r s t  p a r t  p r e s e n t s  t h e  t o t a l  c o s t s  of 

a h y p o t h e t i c a l  u t i ] - i t y  of u s ing  each of 14  VR equipment op t ions ,  

Examination of t h e s e  c o s t s  r e v e a l s  t h e  major b e n e f i t s  and l i a b i l i t i e s  of 

each opt ion .  In  t h e  second p a r t ,  these obse rva t ions  are ampl i f i ed  based 

on the  r e s u l t s  from t h e  e n t i r e  EPRT s tudy  of volume reduct ion .  

The hypothet ical-  u t i l i t y  has  twin BWRs, each w i t h  a deep-bed con- 

densa te  p o l i s h i n g  system (CPS). The sadwaste  1.s shipped 800 m i l e s  t o  a 

b u r i a l  sLte t h a t  charges  t h e  same p r i c e s  as Barnwell d id  on January 1, 

1983. The chosen VR o p t i o n  w i l l  become o p e r a t i o n a l  on January 1, 1988, and 

t h e  processed waste w f l l  be s t o r e d  on-s i te  f o r  an  a d d i t i o n a l  5 years  

be fo re  shipment. The equipment is expected t o  o p e r a t e  €or  30 years .  The 

u t i l i t y  i s  cons ide r ing  14  VR equipment op t ions ,  i nc lud ing  t h e  r e t e n t i o n  of 

i t s  p resen t  system: a simple compactor, an evapora to r ,  and a s o l i d i f i -  

c a t i o n  system that  is ope ra t ing  w e l l .  (This  l a t t e r  op t ion  is  rt3Eerred t o  

a s  t h e  "no-VR" case.)  A l . 1  o t h e r  op t ions  involve  tire purchase of new VR 

equipment t h a t  is e i t h e r  r e t r o f i t t e d  i n t o  e x i s t i n g  s t r u c t u r e s  or  placed i n  

a new s t r u c t u r e ,  T a b l e  1 desc r ibes  t h e  VR op t ions  under cons ide ra t ion .  

VRTECH r e q u i r e s  two k inds  of Informat ion  be fo re  i t  can determine t h e  

PVRR, a d e s c r i p t i o n  of t h e  VR equipment, which was developed by Burns and 

Roe, h c . ,  f o r  t he  EPRI  p r o j e c t ,  and economic input .  For t h e  h y p o t h e t i c a l  

case, the  i n f l a t t o n  ra te  is 8.5%. A l l  csst:s escalate a t  t h a t  rate except  

t hose  f o r  b u r i a l ,  w M c h  escalate at 15%. T h e  c o s t  of money t o  t h e  u t i l i t y  

i s  12-52, and i t s  f i x e d  charge rate i s  0.2. 

Table  2 shows t h e  t o t a l  PVRR and i t s  major components f o r  t h e  14 VR 

op t ions  a t  the  h y p o t h e t i c a l  u t i l i t y .  The t a b l e  d i s p l a y s  t h e  c o s t s  f o r :  

o p e r a t i o n s ,  which inc lude  t h e  l abor  and consumables necessary t o  ope ra t e  

and ti iaintain t h e  equipment and t o  drum t h e  processed wastp; L ~ ~ W ~ O K -  

t a t i o n ,  which inc ludes  t rucks ,  vans,  and casks ;  b u r i a l ,  i nc lud ing  d ry  atid 

wet wastes; t o t a l  opcrattng expenses ,  which arc the s u m  of the ope ra t ing ,  

t r a n s p o r t a t i o n ,  and s t o r a g e  c o s t s ;  and t h e  c a p i t a l  expendi tures  f o r  t h e  

s t o r a g e  f a c i l i t y ,  as w e l l  as €or a J l  c a p i t a l  needed ? t i  purchase,  engineer ,  

and housp t h e  VK equipment. T h e s ~  l a t t e r  c a p i t a l  exprndi Cure!; are 

l a b e l e d  *'construcI-jon' '  i n  t h e  t a b l e .  
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Table 1. Volume reduction options 

Case Retrofit or Solidification 
no. VR technology new structure agent 

0 

1 

2 

3 

4 

5 

5 

7 

8 

9 

10 

11 

12 

13  

NO-VR 

High-pressure compactor 

Forced-air incinerator 

Fluid-bed dryer/incinerator 
(no resin incinerated) 

Evaporator crystallizer 

Evaporator extruder 

Evaporator extruder 

FB dryer/incinerator plus 
evaporator crystallizer 

FB dryer/incinerator plus 
evaporator extruder 

FA incinerator plus 
crystallizer plus extruder 

Mobile incinerator 

Ultra htgh-pressure compactor 

Fluid-bed dryerlincinerator 
(resins incinerated) 

Mobile evaporator 

Ret ro f it 

Retrofit 

New 

New 

Retrofit 

Retrofit 

New 

New 

New 

New 

New 

Retrofit 

New 

New 

Cement 

- 
- 

Dew 

Dow 

B i t umen 

Bitumen 

Dow 

Bitumen 

Bitumen 

- 
- 

Dow 

Bi rume n 
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The "no-VR" case  sets t h e  con tex t  f o r  t h e  analysis: 75% of t h e  t o t a l  

c o s t  i s  €or b u r i a l  of t h e  w a s t e ,  w i th  45% being € o r  w e t  waste and 30% f o r  

d r y ,  Reductions i n  b u r i a l  c o s t s  are obviously t h e  major oppor tun i ty  f o r  

s av ings  . 
I n  Case 1 ,  t h e  h igh-pressure  compactor can be r e t r o f i t t e d  i n t o  t h e  

p l a n t s  inexpens ive ly .  The r e s u l t i n g  sav ings  of $ 1 0 M  are more than  40 

t i m e s  i t s  c o s t .  The r educ t ions  i n  o p e r a t i o n s ,  s t o r a g e ,  o r  dry-waste 

b u r i a l  are each more than s u f f i c i e n t  t o  repay t h e  inves  ment. This op t ion  

c a r r i e s  a very low r i s k :  t h e  technology is  r e l a t i v e l y  s imple  and depend- 

a b l e .  Moreover, sav ings  i n  t h e  f i r s t  yea r  of o p e r a t i o n  are enough t o  

cover  t h e  cap i t a l  requirements.  

The €arced-air i n c i n e r a t o r  (Case 2)  burns compactible t r a s h ;  t h e  

waste volume r e d u c t i o n  i s  much b e t t e r  t h a n  w i t h  the h igh-pressure  compac- 

t o r .  It produces sav ings  of $ 2 4 M  a t  t h e  b u r i a l  s i t e  and $ 2 M  i n  s t o r a g e  

c o s t s .  However, t h e  i n c i n e r a t o r  i s  expensive t o  purchase and i n s t a l l .  

Consequently, t h e  compactor has  a smaller PVRR. 

The f l u i d  bed d r y e r / i n c i n e r a t o r  is cons idered  i n  both Case 3 and 

Case 12. In t h e  former, i t  i n c i n e r a t e s  compactible t r a s h  and d r i e s  con- 

c e n t r a t e d  l i q u i d s ;  in t h e  la t ter ,  i t  incinerates r e s i n s  as w e l l .  The pro- 

j e c t e d  economic performance fs b e t t e r  when r e s i n s  are a l s o  processed. In 

e i t h e r  case ,  t h e  technology is expensive t o  i n s t a l l ,  and i t  i n c r e a s e s  

o p e r a t i o n a l  c o s t s .  T ranspor t a t ion  and s t o r a g e  c o s t s  are reduced, but t h e  

g r e a t e s t  sav ings  occur i n  b u r i a l .  In  both  cases, dry-waste b u r i a l  c o s t s  

are reduced by $ 2 4 M ,  and w e t  waste c o s t s  are lowered by $44M, i f  r e s i n s  

are burned, and by $28M, i f  they  are not. If r e s i n s  are processed ,  t h e  

expec ted  sav ings  over t h e  no-VR case approaches t h e  purchase p r i c e ,  bu t  

most of t h e s e  sav lngs  accrue  near  t h e  end of t h e  equipment l i f e t i m e .  

Only concen t r a t ed  l i q u i d s  are processed wi th  t h e  evapora to r  

c r y s t a l l i z e r  (Case 4 ) .  The VR r a t i o  i s  r e l a t i v e l y  low, and t h e  product is  

s o l i d i f i e d  wi th  DOW b inde r ,  which i s  very  expensive ($260/drum). 

Consequently, t h e  c r y s t a l l i z e r  has  t h e  h i g h e s t  in -p lan t  c o s t s  of all. t h e  

o p t i o n s ,  Neve r the l e s s ,  i t  produces an o v e r a l l  s av ings  of $8M by lowering 

t h e  b u r i a l  c o s t s  by $18M. If a less expensive b inde r  were used, t h i s  

o p t i o n  might appear more economically a t t r a c t l v e ,  even wi th  smaller w a s t e  

loadings. 
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The evapora tor  e x t r u d e r  i s  cons idered  t w i c e ;  as a r e t r o f i t  i n  Case 5 

and i n  a new s t r u c t u r e  i n  Case 6 .  The added c o s t  of t he  new s t r u c t u r e  i s  

$2M, The e x t r u d e r  processes  r e s i n s ,  l i q u i d s ,  and s ludges .  It produces 

s u b s t a n t i a l  sav ings  i n  a l l  expense c a t e g o r i e s  and i s  t h e  only op t ion  t h a t  

can t o t a l l y  pay f o r  i t s e l f  wi th  sav ings  i n  o p e r a t i o n s ,  t r a n s p o r t a t i o n ,  and 

s t o r a g e .  A s  an example, $58M is saved a t  the b u r i a l  s i te .  The e x t r u d e r  

has  t h e  smallest t o t a l  PVRR of a l l  t h e  op t ions  cons idered;  i t  r e t u r n s  i t s  

investment w i t h i n  2 years .  

The mobile i n c i n e r a t o r ,  Case 10, is used to burn compactible trash. 

It combines t h e  e x c e l l e n t  volume reduc t ion  of t h e  o t h e r  i n c i n e r a t o r  

systems wi th  a l o w  purchase-pr ice .  

i n i t i a l  c o s t  of on ly  $4M. The payback perfod on t h i s  equipment is  f a i r l y  

s h o r t ,  and, for t h i s  reason, t h e  mobile i n c i n e r a t o r  is a very a t t r ac t ive  

opt ion .  

B u r i a l  c o s t s  are reduced by $16M at  an 
* ’. 4 

The super  compactor, Case 11, is t h e  only equipment t h a t  processes 

both  compactible and noneompactible t r a s h .  Conseqimently, i t  has the 

lowest dry-waste b u r i a l  c o s t  of any of t h e  VR opt ions .  L i k e  t h e  mobile 

i n c i n e r a t o r ,  t he  i n i t i a l  investment is  f a i r l y  low, and t h e  payback p e r i o d  

i s  s h o r t .  

Case 13 i s  t h e  inobFle evapora to r ,  which processes  r e s i n s  and cow- 

c e n t r a t e d  l i q u i d s .  The $ 5 M  i n i t i a l  investment i s  the smallest of the w e t -  

waste processors .  Although b u r i a l  cos t  r educ t ions  are almost six t i m e s  

t h e  purchase p r i c e ,  t o t a l  sav ings  a r e  s u b s t a n t i a l l y  l e s s  than  f o r  the  

ex t rude r .  

Cases 7 through 9 are equipment combinations. The two op t ions  w i t h  

e x t r u s i o n  of t h e  w e t  waste are economically very b e n e f i c i a l .  B u t ,  i n  each 

c a s e ,  t h e  combination i s  
t h e  i n c i n e r a t o r s  are t o o  

b i n a t i o n  of t h e  e x t r u d e r  

nomi c a l l y  a t  t r a c t i v e  e 

I n  summary, four of 

less a t t r a c t i v e  than t h e  e x t r u d e r  alone because 

expensive t o  be used f o r  trash only. The com- 

and one of t h e  compactors would be much more eco- 

t h e  VR op t ions  process  dry  waste only: t h e  

supe r  compactor reduces t h e  volumes of both compactible and noncompactfble 

t r a s h ;  t h e  h igh-pressure  compactor, the fo rced -a i r  i n c i n e r a t o r ,  and t h e  

mobile i n c i n e r a t o r  operace on compactible t r a s h  only. The forced-a i r  

i n c i n e r a t o r  i s  much I~IOKE expensive than  t h e  o t h e r  dry-waste t echno log ie s  

and cannot produce enough sav ings  t.0 overcome t h i s  disadvantage.  The 
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high-pressure  compactor produces much less savings  than  t h e  o t h e r s ,  bu t  i t  

is so inexpens ive  t o  purchase t h a t  i t  becomes a low-risk choice.  The 

mobile i n c i n e r a t o r  c o s t s  about $4M but  produces $25M i n  sav ings .  The 

s u p e r  compactor i s  even b e t t e r .  s av ing  $42M a t  a c o s t  of only $5M. 

economics of t h e  i n c i n e r a t o r s  would l i k e l y  improve i f  t h e  combustible por- 

t i o n  of t h e  noncompactfble t r a s h  were seg rega ted  and then  i n c i n e r a t e d .  

The 

Four op t ions  process  only  w e t  wastes: t h e  two e x t r u d e r  configura- 

t i o n s ,  t h e  c r y s t a l l i z e r ,  and t h e  mobile evapora tor .  They are t h e  most 

economical group because t h e  w e t - w a s t e  b u r i a l  c o s t s  are t h e  l a r g e s t  s i n g l e  

expense in t h e  no-VR case- The exruder  and t h e  mobi le  evapora to r  are more 

economical t han  t h e  c r y s t a l l t z e r ,  The l a t t e r  s u f f e r s  i n  comparison 

because i t  works on only one waste stream, reduces t h e  volume less w e l l ,  

and uses  t h e  more expens ive  DOW binder.  The e x t r u d e r  g e n e r a t e s  large 
sav ings  a t  very modest c o s t s .  

The f i v e  remaining t echno log ie s  are used on both dry  and w e t  wastes. 

The two combination t echno log ie s  wi th  t h e  e x t r u d e r  perform most economi- 

c a l l y .  However, n e i t h e r  are as good as t h e  e x t r u d e r  a lone  because t h e  

i n c i n e r a t o r  t echno log ie s  are t o o  expens ive  t o  be l i m i t e d  t o  p rocess ing  

t r a s h .  The c rys t a l l - l ze r  combination does less w e l l .  The fluid-bed 

d r y e r f i n c i n e r a t o r  i s  most economical when r e s i n s  are i n c i n e r a t e d  i n  addi- 

t i o n  t o  t h e  p rocess ing  of t r a s h  and l i q u i d s .  Pa i r tng  an e x t r u d e r  w i th  one 

of t h e  inexpens lve  d ry -was te  o p t i o n s  would g i v e  b e t t e r  r e s u l t s  t han  any of 

t h e  o p t i o n s  considered. 

A l l  of t h e  VR o p t i o n s  are economically b e n e f i c i a l  in t h e  h y p o t h e t i c a l  

ca se ,  a l though VR performs less w e l l  i n  o t h e r  contex ts .  

For example, Table  3 d i s p l a y s  t h e  p r e s e n t  va lue  of c o s t s  when twin 

PWUs r e p l a c e  t h e  BWRs i n  t h e  h y p o t h e t i c a l  case. The no-VR r e s u l t s  show 

t h a t  bo th  dry- and w e t - w a s t e  b u r i a l  c o s t s  are s i g n i f i c a n t l y  reduced: t h e  

d r y  by a f a c t o r  of 2;  t h e  w e t  by a f a c t o r  of 7. A s  a r e s u l t ,  wet-waste 

b u r i a l  c o s t s  are less than  one-half of t h e  dry-waste b u r i a l  c o s t s .  In  

t h i s  case, t h e  supe r  compactor is  t h e  only o p t i o n  t h a t  y i e l d s  a sav ing  

g r e a t l y  exceeding i t s  purchase p r i c e ,  and t h e  high-pressure compactor i s  

t h e  only o p t i o n  t h a t  repays  i t s  purchase p r i c e  w i t h i n  10 years. 

The  w e t - w a s t e  t echno log ie s  are even less economical. The e x t r u d e r  

remains e x c e l l e n t  a t  reducing  b u r i a l  c o s t s ,  bu t  t h e  sav ing  i s  only 



Table 3. Costs  f o r  t w i n  BWRs 

T o t a l  B u r i a l  c o s t s  

c o s t s  c o s t §  waste waste T o t a l  expenses S to rage  C o n s t r u c t i o n  PVRR 
o p e r a t i n g  T r a n s p o r t a t i o n  Dry Wet T o t a l  C a p i t a l  c o s t s  T o t a l  

- VR case  

0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7. 
8 .  
9 .  

10. 
11. 
1 2 .  
13. 

xo-VR 
Compactor ( 2 )  
T n  c i  nera  t o r  
FB i n c l n e r a t o r  
Eva!) cryst: (R) 
Zvap e x t r  ( R )  
Evap e x t r  
FB i n c  + evap  c r y s t  
Fb i n c  + evap  e x t r  
I n c i n ,  c r y s t  + e x t r  
Yob i l e  i n c i n e r a t o r  
Super compactor (‘R) 
FB r e s i n  incin 
Nobile evapora t ion  

7.8 
7.5 

10.2 
11.6 

8.7 
9.0 
9.0 

12.4 
12.2 
11.7 

8.4 
7.0 

11.9 
8.2 

6.8 
6.8 
6.7 
6.3 
6.7 
6.2 
6.2 
6.3 
6.1 
6.1 
6.7 
3.7 
6.1 
6.6 

35.1 16.2 51.3 65.9 
31.2 16.2 47.4 61.7 
23.8 16.2 40.9 56.9 
23.5 5 .0  28.8 4 L 7  
35 .  I 7.1 42.4 57.7 
35.1 3.9 39.0 70.3 
35.1 3.9 39.0 70.3 
23.8 5.0 28.8 47.5 

24.3 3.9 27 .8  45.6 
23.6 16.2 39.7 54.7 
15.2 16.2 31.4 42.1 
23.8 2.6 26.4 44.4 
35.1 5.4 40.6 55.4 

24.0 3.9 27.8 46.1 

5.3 
4.8 
4.4 
3.7 
4.5 
4.2 
4.2 
3.7 
3.6 
3.6 
1.7 
4.2 
3.4 
4.3 

0.3 
3.2 

19.0 
33.5 

4.0 
11.9 
13.6 
40.4 
35.5 
40.3 

4.3 
5.2 

36.1 
5.2 

70.9 
66.7 
80.2 
33.9 
68.1 
70.3 0 

72.1 
9 i . 7  
85.1 
89.5 
62.7 
51.5 
83.9 
64.4 

m 

NoEs: (R)  deno tes  r e t r o f i t .  
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approximately equa l  t o  i t s  purchase p r i ce .  Its payback per iod  i s  more 

than  10 years .  The mobile evapora to r  i s  the  most economical o p t i o n  

because of i t s  lower purchase p r i c e  and i t s  e f f i c i e n c y  i n  handl ing  the  

b o r i c  a c i d  wastes from PWRs. 

The h igh ly  p r i ced  t echno log ie s  a l l  produce $25M i n  b u r i a l  c o s t  

s av ings .  Unfo r tuna te ly ,  t h i s  sum i s  only a p o r t i o n  of t h e i r  i n s t a l l e d  

c o s t  

I t  i s  clear from t h i s  example t h a t  t h e  waste g e n e r a t i o n  r a t e  sets a 

l i m i t  on t h e  economic e f f e c t i v e n e s s  of VR equipment by c o n t r o l l t n g  t h e  

p o t e n t € a l  f o r  sav ings  a t  t h e  b u r l a l  s i t e .  The b u r i a l  e s c a l a t i o n  ra te  has 

a similar e f f e c t  on t h e  p o t e n t i a l  f o r  savings.  

As t h e  b u r i a l  e s c a l a t i o n  r a t e  changes, t h e  o p e r a t i o n s ,  t ranspor-  

t a t i o n ,  and s t o r a g e  c o s t s  are una f fec t ed ,  bu t  t h e  b u r i a l  c o s t s  are 

a l t e r e d ,  o f t e n  g r e a t l y ,  a s  shown i n  F ig .  2. It d e p i c t s  t h e  component 

c o s t s  of t h e  t o t a l  PVRR f o r  t h e  no-VK case wi th  twin PWRs as t h e  escala- 

t i o n  r a t e  v a r i e s .  The b u r i a l  c o s t s  are less than  one-half of t h e  t o t a l  

f o r  a 10% e s c a l a t i o n ;  they grow t o  almost n ine- ten ths  of t h e  t o t a l  f o r  a 

20% rate. 

Table  4 d i s p l a y s  t h e  t o t a l  PVRR €o r  a l l  of t h e  VR op t ions  i n  t h e  twin 

PUR case f o r  b u r i a l  e s c a l a t i o n  rates of 10, 15, and 10%. With a 10% esca- 

l a t i o n  rate,  t h e  no-VR case is  very n e a r l y  t h e  least  expensive,  and only 

t h e  super  compactor gene ra t e s  an a p p r e c i a b l e  saving. A t  15%, about one- 

h a l f  of t h e  VR t echno log ie s  produce sav ings ;  f o r  t h r e e  of them t h e  c o s t  

r e d u c t i o n s  are large enough t o  make purchase a reasonable  opt ion .  When 

t h e  e s c a l a t i o n  ra te  i n c r e a s e s  t o  20%, t h e  PVRR of every technology op t ion  

i s  a t  least  $12M lower than  t h a t  of t h e  no-VR case. 

The c r i t i c a l  importance of t h e  b u r i a l  e s c a l a t i o n  ra te  is troublesome 

t o  u t i l i t i e s  when they a t tempt  t o  make d e c i s i o n s  about what, if any, VR 

o p t i o n s  t o  purchase. P r e d i c t i o n  of the  f u t u r e  is always d i f f i c u l t ,  espe- 

c i a l l y  when one must account f o r  complex i n t e r a c t i o n s  among a l l  l e v e l s  of 

government, t h e  p u b l i c  a t  l a r g e ,  and p r i v a t e  bus iness  concerns. 

Even tua l ly ,  a u t i l i t y  must d e a l  w i th  t h i s  u n c e r t a i n t y  both t o  make a deci-  
s i o n  and t o  defend t h e  i n c l u s i o n  of t he  c o s t s  i n  t h e  rate base. 

The EPRI s tudy  confirms t h e  importance of the waste gene ra t ion  rate 

and t h e  b u r i a l  e s c a l a t i o n  ra te  i n  VR economics. In g e n e r a l ,  t h e s e  two 
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Fig. 2. Effec t  of b u r i a l  escalation data  of t o t a l  PVRR. 
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Table 4 .  Variation of d i s p o s a l  costs with the burial escalation 
(twin Pms) 

VR case 

Total PVRR (millions of Dec. 1982 
dollars) escalation rate 

10% 15% 20% 

09 
1. 
2 ,  
3 .  
4 .  
5. 
6 ,  
7. 

8. 
9 .  

10, 
1 1 ,  
12. 
13. 

NO-VR 
HIP compactor 
FA incinerator 
FB dryer/ineinerator 
Evaporator crystallfzer 
Evaporator extruder 
Evaporator extender 
FB drylincinerator plus 
crystallizer 
FB dry/incinerator plus 
FA incinerator plus 
crystallizer plus extruder 
Mobile incLnerator 
Super compactor 
Res I n  in cine rat or 
Mobile evaporator 

38.1 
36.4 
54.6 
65.5 
41.0 
45.3 
47.1 
73.3 

67 .3  
71.7 

37.3 
31.4 
67.0 
38.9 

70.9 
66.7 
80.2 
83.9 
68.1 
70.3 
72.1 
91.7 

85.1 
89.5 

62.7 
51 -5  
83.9 
64.9 

170.0 
157.9 
157.1 
139.3 
149.6 
145-3  
147 1 
147.1 

138.5 
142.9 

139.0 
111.9 
134.9 
143.3 



f a c t o r s  c o n t r o l  b u r i a l  c o s t s  and thereby  deter~ine how e f f e c t l v e  VR can be 

a t  reducing expenses.  Whenever large volumes of  waste are genera ted ,  o r  

t h e  c o s t s  of b u r i a l  are r i s i n g  qu ick ly ,  volume reduc t ion  i s  l i k e l y  t o  pro- 

duce s u b s t a n t i a l  savings.  

However, when waste volume is lower or t h e  e s c a l a t i o n  ra te  i s  

smaller, o t h e r  v a r i a b l e s  can become important .  I n  p a r t i c u l a r ,  some 

o p t i o n s  can e f f e c t  l a r g e  enough r educ t ions  i n  t h e  c o s t a  of ope ra t ions ,  

t r a n s p o r t a t i o n ,  o r  s t o r a g e  t o  repay a large p o r t i o n  of t h e i r  purchase 

p r i ce  (e.g., t h e  ex t rude r  i n  the hypothet ical .  case). Add i t iona l ly ,  when 

b u r i a l  costs  are reasonably low, g e n e r a l  economic cond i t ions ,  such as t he  

c o s t  of money t o  t h e  u t i l i t y  o r  t h e  g e n e r a l  i n f l a t i o n  r a t e ,  assume 

i m r e a s c d  importance . 
When a u t i l i t y  a t t empt s  t o  dec ide  whether t o  buy volume-reduction 

equipment,  i t  must cons ide r  a mix of f a c t  and con jec tu re  t h a t  leads t o  an  

e s t i m a t e  of t h e  economic consequences of purchase.  VRTECH i s  an  e f f i c i e n t  

t o o l  f o r  supplying t h e  u t i l i t y  decis€on maker w i t h  t h e  wides t  p o s s i b l e  

range of economic informat ion  on t h e  t o t a l  c o s t  [ s f  radwaste  t rea tment  

op t ions .  The code con ta ins  an  up-to-date equipment d a t a  base and spe- 

c i a l i z e d  economic computer programs. It au tomat i ca l ly  l i n k s  together, i n  

a s e l f - c o n s i s t e n t  manner, a l l  t h e  major a s p e c t s  of radwaste  d i s p o s a l  - 
from t h e  gene ra t ion  of the  waste t o  i t s  process ing ,  from t h e  t r anspor -  

t a t i o n  of t he  waste t o  a d i s p o s a l  s i t e  t o  i t s  u l t i m a t e  d i sposa l .  VRTECCI 

i s  an example of how systems a n a l y s i s  techniques  can be e f f e c t i v e l y  

a p p l i e d  t o  a s s e s s i n g  radwaste d i s p o s a l  i s sues .  

The VRTECH code has  been used t o  examine t h e  major v a r i a b l e s  t h a t  

a f f e c t  VR economics. The radwaste gene ra t ion  rate and t h e  b u r i a l  escala- 

t i o n  ra te  are t h e  dominant v a r i a b l e s  i n  VR economics because they j o i n t l y  

determine the c o s t  of waste b u r i a l ,  t h e  l a r g e s t  element i n  d i s p o s a l  

expenses.  I f  b u r i a l  c o s t s  are small, then  sav-i.rige i n  ope ra t ion ,  t ranspor-  

t a t i o n ,  o r  s t o r a g e  costs ,  as w e l l  as t h e  g e n e r a l  econom-ic cond i t ions ,  

assume g r e a t e r  importance in VR purchase dec i s ions .  
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1.4.4 Low-Level Radioac t ive  Waste Regulatory C o n s t r a i n t s  A f f e c t i n g  

Radwaste Process ing ,  L. C. Oyen 

1.4.4.1 I n t r o d u c t i o n  

U t i l i t l e s  f r e q u e n t l y  f i n d  t h a t  r e g u l a t o r y  c o n s t r a i n t s  s t r o n g l y  a f f e c t  

t h e i s  choice  of technology f o r  p rocess ing  LLRW from nuc lea r  power p l an t s .  

It is t h e  purpose o f  t h e  p re sen t  s tudy  to  i d e n t i f y  such c o n s t r a i n t s  and 

assess t h e i r  impact on u t i l i t i e s '  LLUW p rocess ing  choices.  

The term r e g u l a t o r y  c o n s t r a i n t  I s  used i n  t h i s  r e p o r t  t o  encompass 

r e g u l a t i o n s ,  r u l e s ,  and procedures t h a t  e f f e c t i v e l y  c o n t r o l  any o r  a l l  

phases of LLRW managerial  a c t i v i t y .  These c o n s t r a i n t s  may be i s sued  by 

agenc ie s  of f e d e r a l ,  s t a t e ,  o r  l o c a l  governments, and, i n  some cases, non- 

governmental o r g a n i z a t i o n s .  The phases of LLRW t o  which t h e s e  c o n s t r a i n t s  

may be addressed  a r e  d i s p o s a l ,  p rocess ing  ( i n c l u d i n g  e f f l u e n t  c o n t r o l ) ,  

s t o r a g e ,  and t r a n s p o r t a t i o n .  

1.4.4.2 Computer Data File 

The source  documents provid ing  background informat ion  f o r  t h i s  s tudy  

c o n s t i t u t e  a r a t h e r  cumbersome phys ica l  f i l e .  To s i m p l i f y  access  t o  t h i s  

in format ion  and provide  f l e x i b i l i t y  i n  s o r t i n g  and sea rch ing  t h i s  

material, a computer f i l e  w a s  c r ea t ed .  The f i l e  i s  subdivided i n t o  f o u r  

c a t e g o r i e s :  d i s p o s a l ,  p rocess ing ,  s t o r a g e ,  and t r a n s p o r t a t i o n .  Each 

r e g u l a t o r y  c o n s t r a i n t  f i l e  e n t r y  c o n s i s t s  of a d a t a  s h e e t ,  as shown i n  

Fig. 1, which i s  i d e n t i f i e d  by a unique f i l e  l o c a t i o n  number c o n s i s t i n g  of 

t h e  le t ter  D, P ,  S ,  o r  T followed by t h r e e  digits. This  d a t a  s h e e t ,  

"-035, is  an example of t h e  202 c o n s t r a i n t s  compiled f o r  t h i s  s tudy  and 

c o n t a i n s  baslc i d e n t i f y i n g  informat ion  on document(s) i n  t h e  f i l e ,  such as 

document t i t l e ,  d a t e ,  and number, p l u s  two memorandum-type e n t r i e s .  The 

f i r s t  of t h e s e  memos i s  a d e s c r i p t i o n  of t h e  important f e a t u r e s  of t h e  

r e g u l a t o r y  c o n s t r a i n t  material i n  t h a t  file. The second memo f i e l d  con- 

t a i n s  a s t a t emen t  of t h e  impact  t h a t  t h i s  c o n s t r a i n t  may have on t h e  

cholce of radwaste p rocess ing  techniques .  

T h i s  f i l e  has been set up on a Sperry PC wi th  640K RAM and two 360K 

f loppy d i s c  d r i v e s ,  u s ing  t h e  p r o p r i e t a r y  code, FRAMEWORKTM. 

shows t h e  T-057 computer ou tpu t  s h e e t ,  t h e  computer ou tput  s h e e t  f o r  NRC 

Figure  2 

I E  Lnf ormat i o n  Not ice 84-'72. 

Two te lephone  surveys  formed t h e  b a s i s  f o r  s e v e r a l  of t h e  d a t a  

s h e e t s ,  e s p e c i a l l y  f o r  s t a t e  r e g u l a t i o n s .  The f i r s t  inc luded  t h e  " S t a t e  
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F i l e  b a t i o n :  TO35 

.. .. . .- Dcmnmnt T y p e :  State-- Transportation Sux-ye~  

IC 02 Citation: SI. - ST23 m m e n t   ate: 85-28-85 
BQcment Title: Florida State Transportation Survey and Associated Statutes 

II 

... ..--- 
Issuing hgency: Florida Dept.  of Transportation, Rureau of Weights, and Dept o f  Health .._... 

I ._. .-. . Gswemmental -vel: State Copy on F i l e  (YlNJ): Y 

-- Treatment Type : .-.--.-I__-- Principal =&$ phase: Transportation 

Phases (P, T, S ar D): 

stat.e : Florida 
_” 

CQILPIpBGt Region: Southeast 
-. .-ll_ll . . . __I_- - 

.__I__ 

strd.aint kscxiption: NOTE: APPLIES TO ALL SHIPPERS INCIJJBZNC ROWER PK.ICWS 
ride Administrative Code See. 1OD-99, (1OD-56) Manifest Regulations 

Florida Statute Sec. 404.20, Flortda Statute Ch. 316 Sec. 316.302 Incorporation of 
49 CPR Regulations 
Florida Administrative Code Sec.lOD-63 (rule) Inspection ( f i l e d  wlth genrrsll seate 

Florida Statute SCC. 404 Radiation Rules, Florida Statute 381 Sec. 512 Transportation 
Esuwey PO321 

dioactive material 

1) 

2) Dept. of Health and Rehabilitative Services inspects each shipment at site ab 

33 Manifest required but no permit is required 
4) 48 Ar. prenotification to Dept. of Health and Rehabilitation Sewriees of any 

transportation 
5 )  1.25 S i f t 3  fee for waste shipped (ref. statutes 404.161 filed with PO321 

Gross vehicle weight 80,000 lbe. - graduates lower depending on length and number 
of axlea 

eneration - fee i s  charged to the producer. (item 5 )  

s: V O E m  SUR E, COSTS, NOT’TIFTCll”G0N 
c t  impact on proc s minimal as far as packaging of waste form is concerned; 
V@FI the Volme s strongly encourages volume reduction fo r  all waste5 

transported ~ C ~ Q S S  the state 

F1.g. 1. General data sheet. 
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MARTIN MARIETTA 
Project No. 7282-00 

FILE LOCATION : T-057 

CONSTRAINT DESCRIPTION: 

Applies to users o f  NRC certified shipp ng casks. Potential exists 
f o r  the generation of hydrogen or o t h e r  combustible gases within 
containers o f  resins. binders, waste S I  dge, and wet filters. TO 
prevent reduced packaging effectiveness: 

1)  f o r  packaging containing substances that cculd potentially 
form hydrogen o r  other combustible gases. I t  must be 
determined by test o r  sampling (representatlve samplin~) 
that f o r  a p e r i o d  of ttme twice the expected shipment tlme: 

8 )  Hydrogen or combustlbla gas must be less than 5% by 
volurno of the setanaery container Qas v o i d  i f  at STP. 

b) I f  the parkape cculd‘l-form greater than 5% combustible 
Qas* the w o l d  must be inerted to Iimft o r y g e n  to 5% 
by valume. 

2) For packages conta3ning LSA shipped r’r’ihln 10 days of preparation 
o r  venting the sampling program (Item 1 )  i s  not required. 

NOTE: Shgpmsnt t i m e  means the time f r o m  sealjnp the container 
ontll u!rposal. 

lYPACT OM TREATMENT: 

~ e y  uords: hydrogen,‘ resins. oxyoen fnerting. packaging 

The full Impact of this document has yet to be felt. The requlrement 
to monitor and vent c e r t a i n  packager p r i o r  to shlprnent will Impact the 
iaesign ana operation of an i n t e r i m  onsite storage building. Package 
designs, which atlor f o r  vent ing may confllct w i t h  d isposa l  s1te 
c r i t e r l r  for contrlner handling and tntegrlty. Processtng o p t i o n s  
sucn as r e s i n  a r y i n g  or incineration may remove the hydrogen gassing 
concern. 

Fig. 2. Computer output sheet. 
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Transpor t a t ion  Survcy," shown i n  P ig .  3 ,  and the "'State Survey" shown i n  

F ig .  4. The informat ion  ga thered  i n  t h e  s t a t e  s u r v e y  f o r  F l o r i d a  on pro- 

c e s s i n g  c o n s t r a i n t s ,  i nc lud ing  t l r c  a p p l i c a b l e  s t a t u t e s  and chc. impact on 

LLRW t r ea tmen t ,  is summarized i n  d a t a  s h e e t  PO32 (F ig .  5). 

1.4.4 3 Local Regulatory Information .,. 

O n  the l o c a l  l e v e l ,  r egu la to ry  requirements  € Q K  c o n s t r u c t i n g  and 

o p e r a t i n g  f a c i l i t i e s  t o  handle  LLRW can be sepa ra t ed  i n t o  three gene ra l  

c a t e g o r i e s :  zoning requirements ,  b u i l d i n g  approvals ,  and miscel laneous 

permi ts .  I f  new sadwaste f a c i l i t l e s  are added a t  a nuc lea r  p l a n t  s i t e ,  a 

new zon ing  approval o r  a modi f ica t ion  of an existing zoning approval  may 

be needed. The expendi tures  of t i m e  and e f f o r t  needed t o  o b t a i n  such *, 
approval  should not  be s i g n i f i c a n t .  

The second kind of approval  t h a t  would t y p i c a l l y  be needed f o r  rad- 

waste f a c i L i t i e s  i s  a bu i ld ing  permit. i s s u e d  by the  l o c a l  p o l i t t c a l  sub- 

c l iv t s ion  (county,  township,  v i l l a g e ,  ets.) i n  which t h e  p l a n t  i s  loca ted .  

The b u i l d i n g  permit  would be r equ i r ed  f o r  bo th  new f a c i l i t i e s  and modifi-  

c a t i o n s  of e x i s t i n g  f a c i l i t i e s .  A s  wi th  the zoning approval ,  a bu i ld ing  

permi t  would no t  be considered a m j O r  approval  i n  terms of t ine and 

e f f o r t .  Permi ts  may a l s o  be r equ i r ed  f o r :  

1 .  review and approval  of emissions from an LLRW i n c i n e r a t o r  o r  

wastewater t rea tment  systen t o  ensu re  t h a t  l o c a l  r e g u l a t o r y  

l i m i t a t i o n s  are [net; 

2. approval  f o r  work i o  a f loodp la in ;  

3 .  approval  t o  t r a n s p o r t  LLRW w i t h i n  c i t y  or  c o m t y  limits; ana 

4.  approval  t o  r e r o u t e  o r  waterways a t  new f a c i l i t i e s .  

C e r t a i n  nongovernmental o rgan iza t ions  m y  pronulga te  t he i r  own 

o p e r a t i n g  procedures  and requirements  on use r s .  These are d e f i n l t c l y  not  

r e g u l a t i o n s  but  are rooted i n  t h e  TeguLations and c e r t a i n l y  serve as 

e f f e c t f v c  c o n s t r a i n t s  upon t h e  power p l a n t  o p e r a t o r s  who use  these s e r v i c e s .  

1.4.4.4 NKC Regulatory -_ Information .- 

The e x i s t e n c e  of LLRW process ing  systems in nuc lea r  power p l a n t s  i s  

r equ i r ed  by 'Title 10, Code of Federa l  Regula t ions ,  P t .  5 0 ,  Sect .  50.34AY 

which se t s  f o r t h  des ign  o b j e c t i v e s  f o r  equipment t o  c o n t r o l  r a d i o a c t i v i t y  

i n  ef  f lueiit-s t o  the envi rons .  Figirrc 6, "Hierarchy of Regulatory 

C o n s t r a i n t s  Af fec t ing  LLKW Process ing  Choices," intsliides 
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FTFITE TRQNSPDRTQTXON SURVEY 

1. Name o f  State: 

8. Name o f  agency: 
Florida Department of Transportation, Bureau of Weights, and F l o r i d a  
Department of Health and Rehabilitative Services 

3. Contact Persan/Phons Number I) 

8111 Mickler 904/488-7920 (Florida DOT) 

4, Has state adopted U.6. DOT requirements? 

Yes, incorporated by reference 

5. What are the state 's requirements for transportation o f  LLRWr 

p e r m i t  requirementrx None 

Maximum gross weight for trucks 51 ft. or longer 
weight l i m i t % #  is 80-000 l h s .  T r i i r k s  5n f r -  nr ~ P - L - J ~ W  

graduates down. For interstate highways, trucks are weighed to determine 
the distribution across v:rv r o  
vehicles are inspected to determine gross vehicle weight. 

t i e  rertrictionrr None 

route restrict ions8 None 

Fig. 3. State transportation survey form. 
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Y II ~ _ I _  
-- 

6, BthPr" restrictions SEiCBPtB, c i t y  ordinances ,  etc. 1 

and Rehabilitative Services inspects 
I_ -1^1--1111 

every shiEent of LLRW -- that leaves ._.._I f o r  R disposal site. T h e  L-. g e n e r a t o r  

..._-.-111_ 

(i.e. utility) i s  charged a fee each t t i n c ?  t h i s  i s  -.1 done. 

nifes t  reauirements must he followed 

7. statutes, rul Ii and citations: 

(for manifest) Rules: Fla. A h .  Code S10B-5$ (will be Sections 10J2-91 

sometime in June 1985) 

For inspection before transporting: Fla, Stat. Section 404.20 ( s t a t u t e )  

Pla - . cade Section 10D-53 (rule) 
- -__I_ 

Flao S t a t .  Section 404 (Radiation)  

PPa- S t a t . .  @h 381 Section 512 Transportation of Radioactive Material 

Pia- seat., cpil '316 Sectian 316.302 (Incorporates 49 CFR-Dot Rep) 

.." - - 
Fig. 3 (Continued) 
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LOW LEVEL RQDIORCTIVE WRSTE REGULQTORY CONSTRnINTS STUDY 

$5,TRTE SURVEY 

i ,  Name of Strta/RgeneyS Florida Department of Health and Rehabilitative 
ices. Off ice of R a d h m  

E ,  Contact Prrrronr 
Alan Shubert 

3. Pnorte N u m b e r :  
.-- 904f487-1004 I 

4, Does th@ state have a oroprarn for r e g u l a t i r t p  the storage, 
treatment ami dis ioosal  of LLRW? 

PlorlCda has  been an agreement s t a t e  s ince  1964; therefore,  Florida's 
regulations are i d e n t i c a l  t o t h o s e  of the NRC. In addition, the s ta te  
of Florida inspects every shipment o f  LLRW that l eaves  for a d i s p o s a l  
site, and the generator ( i . e . ,  the u t i l i t y )  i s  charged f o r  t h i s .  
A l i c e n s e  would be issued for the handling (storage, treatment ) of  

TIX!A by khZ73epartrnent o n e T l t h  and Rehabil i tat ive Services .  

NOTE: The state  d e f e r s  to the NRC with  regard t o  LLRW from nuclear 

power pxants and vould conduct its  review i n  conjunction with t h e  ? i i C  

review. 

--I_ 

Fig. 4 .  State survey form. 
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17 
Rules: Florida Administrative Code Sec. lOD-56 ( w i l l .  inc lude  manifest 

Sec. IOD-92. 

6s. What o t h w  ape B are involverd? 
Department __.- of _-^- Environmental ReEia t fon  

A i r  - Clair Fancv 904/488-1344 

sets the max restricted lirnftaeions i n  a table  format that is 
__I- 

Fig. 4 (Continued) 
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Department of Health could not give the limitation. 

Environmental Regulation would require an alr constructton permit. There 

The Department of  

are no limitations on TSP for small incinerators; opacity is <5%. 

(NOTE: Sec. XOD-56 will become Sec. 1OD-91 some time in June 1985.) 

-....-- 

8. What are tnt stanoards or limits applicable to discharges of 
contrrnrnated wastewater from LLRIJ treatment facilities (e. g . ,  
1 runery w a s t  a w a t  er ) ? 

The Department of Health and Rehabilitative Services would reauire a 

license under Porida Administrative Code Sec. 1OD-56 (Sec. l0D-91 bv June 

1985). The rule sets the maximum restricted limitations from the t ab le  in 

the rule (same as air). The Department of Environmental Regulation, as 

part of i t s  Power Plant Sitings Certification Application, would require 

approval fraw the Water Mvision. 

- 
The limitation is 5 picocuries of radiation. 

NOTES L 

Transportation; Florida Department of Health and Rehabilitative Services 
looks a t  all shipments. Information concerning weight limits, time of day, 
eke., may be obtained from the Florida Department of Transportation, Bureau 
of Weights. Contact Bill Mickler at 904/488-7928. 

Fig. 4 (Continued) 
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rtin Marietta 
project NO. 7282-00 

U . R W  Regulatory Constraints 
Review &rata sheet No. F46 

File Iscat ion:  PO32 

___ -.-. 
Issuing ApnCY: Dept. of Health and Rehabilitation ServPces, Office of Radiation _._I___.. Contrc 

- ental level:  State copy on F i l e  I Y / N  Y 

Treatment Type: -_ Principal L L R W  Phase :- Processing I_- 

Phases (P, T, S or D] : T _- _I___s 

.... S ta te  : Florida 

Constraint Description: 

state inspection of all shipment of wasbe from producer to site 
state license required for handling facilities that are not considered past sf Nuclear 
Power Plant; 

c regulations apply 

the MRC regulations are applied to power plants 

laws, Codes and Statutes 
Florida Statute Sec. 404.0614, See. 406,8617, Sec. bOb,20 
Florida Administrative Code Sec. laEa-56, Sec. 10D-63, Sec. 1OD-91 

Administrative codes cover manifest and inspection procedures 
A i r  quality: no TSP limitation for 5m11 incinerators opacity 4 5% 

Water: limitations based on plant siting certification approval by Dept. of Health 
water division 

has authority to 
law has 1.25 $/ft 

ndatle volume reduction 
tax on shipped waste to finance inspection program 

48 hr. prior notification to PDHRS required on all shipments 

-. ~- ~ 

Xnpaet on Txeatmant: WDUCTXON, TAX, 
Florida Department of Health andl Rehabilitative Services FDrWS has power to mandate 
wolaaae reduction 
1.25 Sift3 tax on transportation is incentive to use VR 
Prior natification. and lnspection of each shipment could cauaa scheduling difficulty 
for LLRWTrmaportation, increasing costs 

Fig. 5. State survey summary data  sheet. 
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with  10 CFK 50.348 o t h e r  r egu la t ions  t h a t  r e q u i r e  t h e  nuc lea r  p l a n t s '  LLRW 

t rea tment  systems be descr ibed  i n  deca l1  i n  l i c e n s i n g  documents, such as 

t h e  Safe ty  Analysis  Report and t h e  Environmental Report .  

For i n s t a n c e ,  10 CFR 50.3668 r e q u i r e s  s t a t i o n  t e c h n i c a l  s p e c i f i c a t i o n s  

t o  l i m i t  such e f f l u e n t s  t o  l e v e l s  "as l o w  as i s  reasonably achievable"  

(ALARA), i n  a d d i t i o n  t o  those  concen t r a t ion  l i m i t s  def ined  i n  10 CFR 20. 

Somewhat below these  i n  impact i s  a series of c o n s t r a i n t s  t h a t  a f f e c t  pro- 

c e s s i n g  p r imar i ly  through c o n t r o l s  on e f f l u e n t s .  Another more or  less p a r a l l e l  

s e t  of c o n s t r a i n t s ,  shown on t h e  l e f t  s i d e  of Fig.  6 ,  a f f e c t s  systems, equip- 

ment, o r  opera t fons  more d i r e c t l y .  O f  t h e  e f f l u e n t  control. c o n s t r a i n t s ,  

10 CFR 20.106 places very b a s i c  requirements  on LLRW processing system per- 

formance. This  r e g u l a t i o n  ensures  t h a t  U.S;-.power p l a n t s  w i l l  f o l low t h e  

recommendations of t h e  I n t e r n a t i o n a l  Comdssion on Radia t ion  P ro tec t ion  by 

p r e s c r i b i n g  t h e  maximum r a d i o a c t i v i t y  allowed i n  p l a n t  e f f l u e n t s .  Very c l o s e  

t o  t h i s  are 40 CFR 190 and 10 CFR 50, Appendix I, which l i m i t  r a d i a t i o n  

exposure t o  t h e  p u b l i c  and thereby r e q u i r e  t h a t  t h e  annual average radio-  

a c t i v i t y  i n  e f f l u e n t s  be small f r a c t i o n s  of 10 CFR 20 l i m i t s  by l i m i t i n g  

t h e  a l lowable  exposure t o  members of the public .  Appendix I r e q u i r e s  t h a t  

all e f f l u e n t  t rea tment  techniques be used t h a t  can be shown t o  be cos t -  

e f f e c t i v e ,  assuming a benef-lt of $1000 per  man rem reduc t ion  i n  exposure 

t o  t h e  publ€c. Regulatory Guides 1.109 through 1.113 g ive  c a l c u l a t i o n a l  

methods acceptab le  f o r  t h e  implementation of Appendix I. 

Other documents t h a t  play a r o l e  similar t o  t h e  Regulatory Guides are 

NUREC-0016 and -0017, g iv ing  t h e  Gale code c a l c u l a t i o n s ,  and NUREG-0472 

and -0473, rhe s tandard ized  Radio logica l  E f f luen t  Technical  Spec€f i ca t ions  

(RETS). Both of these  r e p o r t s  cover requirements  f o r  m a t e r i a l  t o  be 

inc luded  i n  SARs o r  ERs.  Regulatory Guides 1.70 and 4.2 d e t a i l  t h e  i n f o r -  

mation r equ i r ed  i n  SARs and ERs ,  r e spec t ive ly .  The Standard Review Plans ,  

NUBEG-0800, Chapt. 11 s t a t e  t h e  NRC's approach t o  eva lua t ing  SARs f o r  

l i c e n s e  appl- icat ions.  F i n a l l y ,  t h e r e  are s e v e r a l  I. E. Notices  t h a t  b r ing  

a t t e n t i o n  t o  problems i n  ope ra t ing  power s t a t i o n s  off-gas o r  gaseous waste 
t rea tment  s y s t e m s  t h a t  could l ead  t o  excess ive  o f f - s i t e  doses.  

Those c o n s t r a i n t s  t h a t  a f f e c t  p rocess ing  more d i r e c t l y  are shown on 

t h e  r i g h t  s i d e  of Fig. 6 .  A t  t h e  head of t h e  l i s t ,  10 CFR 20.305 and 

10 CFR 50.59, a long w i t h  I. E. C i r c u l a r  80-18 t h a t  Ln te rp re t s  10 CFR 50.59, 

have a very d i r e c t  impact on both ope ra t ing  s t a t i o n s  and those  seeking  
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ANSI - ANS Stds 

Fig. 6 (Continued) 



l i c e n s e s .  l n c i n e r a t i o n  i s  t h e  only  LLRW p r o c e s s i n g  Lechnique s i n g l e d  out 

f o r  s p e c i a l  l i c e n s i n g ,  being covered i n  10 CPR 2.305. M o d i f i c a t i o n s  t o  

LLRW p r o c e s s i n g  systems are covered by 10 CFR 50.59. 

A l m o s t  a s  p r e s c r i p t i v e  i s  t h e  requirement  of 10 CFR 51.52 t h a t  only 

s o l i d  LLRIJ be sh ipped  from power p l a n t s  f o r  d i s p o s a l .  Ncre, as i n  the 

RETS, dewatered r e s i n s  may be considered. " s o l i d .  " 

One of t h e  b r o a d e s t  impacts  on LLRW p r o c e s s i n g  i s  produced by 

Regula tory  Guide 1,143. T h i s  Regulatory Guide o f f e r s  "design guidance" 

f o r  a l l  LLRW p r o c e s s i n g  systems. It  covers  t a n k s ,  pumps, p i p i n g ,  pro- 

c e s s i n g  equipment,  and t h e  s t r u c t u r e s  hoiming them. It s p e c i f i e d  des ign  

codes and s t a n d a r d s  f o r  materials, welding,  and t e s t i n g .  E t  spec i f ies  

seismic requi rements  f o r  equipment and s t r u c t u r e s ,  and i t  d e f i n e s  the  

boundaries  of t h e  LLRW systems. I. E. C i r c u l a r  80-18 r e q u i r e s  t h a t  

10 CFR 50.59 a n a l y s e s  sh0147 adherence t o  Regulatory Guide 1.143, t h e r e f o r e  

a p p l y i n g  t h i s  Kegulatory Guide t o  o p e r a t i n g  s t a t i o n s .  

J u s t  behow Regulatory Guide 1.143 on Pig.  6 are l i s t e d  t h e  b u l l e t i n s  

and g u i d e l i n e s  i s s u e d  by American Nuclear  I n s u r e r s  ( A N I ) .  The ANI bul le -  

t i n  on "Katlwaste Systems Using Combustible Mater ia l s /eomponents '~  s p e c i f i e s  

g e n e r a l l y  a c c e p t a b l e  f i r e  p r o t e c t i o n  systems f o r  i n s u r a n c e  purposes .  The 

ANI a l s o  has  b u l l e t i n s  c o v e r i n g  o t h e r  s p e c i f i c  systems. 

The b i g g e s t  cons t ra in t .  Pn t h e  d i s p o s a l  s ec t ion ,  and perhaps t h e  

c o n s t r a i n t  t h a t  c u r r e n t l y  i s  e € f e c t i n g  s e v e r a l  p r o c e s s i n g  c h o i c e s ,  i s  10 

CPK 61, t i t l e d  "Licensing Requirements f o r  Land Disposa l  of R a d i o a c t i v e  

Materials," and i t s  companion 10 CFK 20.311. The s p e c i f i c  requi rements  on 

r a d i o a c t i v e  waste c l a s s i f i c a t i o n  and t h c  waste form r e q u i r e d  t o  meet 
10 CPR 61.55 and 61.56 are d e t a i l e d  i n  two Branch Technica l  P o s i t i o n  

Papers .  They may s e r v e  as bases  f o r  new Regulatory Guides. These 

requi rements  are s p e c i f l c  and p r e s c r i p t i v e  and have c o n t r i b u t e d  t o  t h o  

d e c i s i o n ,  made by many u t i l i t i e s ,  t o  c o n t r a c t  f o r  mobile s o l i d i f i c a t i o n  

s e r v i c e s  from vendors  who a l r e a d y  have approved process  c o n t r o l  programs. 

The Low-Level Waste P o l i c y  A c t  of 1980 (Pub. L. 96-5731, and i t s  prob- 

a b l e  amendments as conta ined  i n  House R e s o l u t i o n  (HR) 1083, w i l l  make many 

changes i n  LLRW d i s p o s a l  procedures  and i n  t h e  choice  of s o l i d i f i c a t i o n  

and volume-reduction techniques  f o r  t h e  w e t  LLRW. A t  t h e  same t i m e ,  t h i s  

l a w  has heightened  i n t e r e s t  i n  volume r e d u c t i o n ,  e s p e c i a l l y  of the  d ry  
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a c t i v e  waste (DAV). It h a s  a l s o  encouraged p lanning  f o r  a t  least  t h r e e  

c e n t r a l  f a c i l i t i e s  t o  p r o v i d e  c o n t r a c t  volume r e d u c t i o n  s e r v i c e s  f o r  power 

p l a n t  DAW. 

T h i s  l a w  h a s  a l s o  s p u r r e d  i n t e r e s t  I n  o n - s i t e  s t o r a g e  of LLRW f o r  3 
t o  5 y e a r s ,  because i t  sets a d e a d l i n e  of December 31, 1985, f o r  shipment 

of waste t o  an  e x i s t i n g  d i s p o s a l  s i te ,  i f  t h e  p l a n t  is n o t  w i t h i n  t h a t  

reg ion .  The f i n a l  approved HR 1083 and s e n a t e  b i l l s  w i l l  probably keep 

t h e  t h r e e  d i s p o s a l  sites open u n t i l  1993, provided the o t h e r  compacts 

l i c e n s e  and b u i l d  d i s p o s a l  s i tes.  P l a n t s  o u t s i d e  of t h e  s i t e d  r e g i o n s  

w i l l  have t o  pay an i n c r e a s i n g  s u r c h a r g e  f o r  d i s p o s a l  p r i v i l e g e s .  S i x  

compacts have been r a t i f i e d  by t h e i r  member states and have been submi t ted  

t o  Congress f o r  approval .  These compacts i n v o l v e  33 s t a t e s  i n  groups 

r a n g i n g  i n  s i z e  from 2 s ta tes  t o  8 states. Congress iona l  approval  o f  

t h e s e  compacts must await f i n a l  d i s p o s i t i o n  of HR 1083. Texas is n o t  

p l a n n i n g  t o  j o i n  a compact, b u t  i s  developing  i t s  own LLRW d i s p o s a l  

program as a few o t h e r  s ta tes  may a l s o  do. 

I n  NRC Gener ic  Let ter  51-38 d e t a i l s  of some of t h e  requi rements  f o r  

i n t e r i m  LLRW o n - s i t e  s t o r a g e  s t r u c t u r e s  are presented .  However, t h e r e  are 

gaps i n  t h e  guidance s u p p l i e d  by t h i s  l e t t e r ,  l e a v i n g  u t i l i t i e s  soinewhat 

u n c e r t a i n  as t o  t h e  u s e f u l n e s s  of p las t ic ,  h i g h - i n t e g r i t y  c o n t a i n e r s  

( K I C s )  as s t o r a g e  v e s s e l s .  They have been approved for  b u r i a l ,  but t h e i r  

use f o r  long-term s t o r a g e  h a s  n o t  been s u b j e c t e d  t o  r e g u l a t o r y  review. 

A t r a n s p o r t a t i o n  c o n s t r a i n t  i n  t h e  form of I. E. Not ice  84-72 p l a c e s  

some s e v e r e  c o n s t r a i n t s  on LLRW packages c o n t a i n i n g  dewatered r e s i n s .  

T h i s  n o t i c e  r e q u i r e s  v e n t i n g  of c e r t a i n  packages t h a t  might develop flam- 

mable m i x t u r e s  of gases .  To avoid  t h e  s t o r a g e  and t r a n s p o r t a t i o n  coinpli- 

c a t i o n s  a t t e n d a n t  upon such  v e n t i n g ,  s o l l d i f i c a t i o n  and p o s s i b l y  d r y i n g  of 

r e s i n s  may become favored.  

Most d i s p o s a l  s i t es  are l i c e n s e d  by t h e  s ta tes  as a r e s u l t  of 10 CFR 

150, which r e g u l a t e s  "Agreement S t a t e s . "  Consequent ly ,  t h e  e x i s t i n g  si tes 

a l l  have s t a t e  l i c e n s e s ,  and t h e y  a l l  d i f f e r  from each o t h e r  i n  ways t h a t  

c e r t a i n l y  a f f e c t  p rocess ing .  

C o s t s  are always impor tan t  c o n s t r a i n t s ,  and t h o s e  r e f l e c t e d  i n  t h e  

d i s p o s a l  s i t e  t a r i f f s  f o r  Barnwell ,  Hanford, and R e a t t y  and t h e  T r i  S ta te  

Motor T r a n s p o r t  Co. (TSMT) t r a n s p o r t a t i o n  t a r i f f s  q u i t e  f r e q u e n t l y  d e t e r -  

mine p r o c e s s i n g  d e c i s i o n s ,  such  as whether  t o  use  drums o r  l i n e r s ,  ion 
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exchange processing, or  evaporation. The t r a n s p o r t d t i - o n  constraLnts con- 

tained in 49 CPK 171-190, 10 CFK 7 1 ,  23 CFEP b58,  autl various s t a t e  regula- 

tLons have little impact on processing. 

In I. E. Notices 79-19 and 84-56,  quality assurance (QA) reqUiKementS 
f o r  packaging are detailed. Processing must be compatible with license 

packaging requirements, state routing:, and tiinem-of-day scheduling, or tax 

requirements Bay affect some cost-benefit decisions, Generally, the 

impact of transportation constraints on processing i s  minimal, although 

thc I.E. Notice 84-72 on gas venting of packages before transportation may 

be an exception. 

Generic Letter 81-33 states the volume-reduction policy of the NRC, 

whlch views volume r e d u c t i o r i  as a two-step process. The first step is t o  

reduce the  voluiue ~f the waste generated through administrative controls 

o r  procedures. The second step would be the installation of advanced pra- 

crssing equipment: t o  achieve greater volume r e d u c t i o n ,  especially in LLRW 

slreams not amenable to admintstratiue controls. 

The American National Standards Institute (ANSI-ANS) Standards 55.1, 

55.4,  55.6, and 40.35 p r o v l d e  requirements f o r  the design of solid, 

~ ~ S I Q U S ,  liquid, and volume-reduction systems f o r  LLUW processing. They 

codified good engineering design, but had little impact on the choice of 

radwaste processing. 

1.4,4.5 Summary 

There have been over 200 regulatory constraints identified i n  this 

study, primarily addressing disposal, processing, storage , o r  transpor- 

ta t l .on of LLRW. Currently, the  major constraint on the choice of tech- 

nology f o r  processing of radwaste i s  thr disposal constraint, 10 CFR 61, 

adopted in 1982. Future constraints will probably be developed frorn the 

Waste Policy A c t  of 1980 and the formation of the waste  disposal compacts. 
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1,,4,5 Overview of Nuclear ? fa t e r i a l s  Transpor ta t ton ,  A. W. Grella 

T h i s  p r e s e n t a t i o n  i s  r e a l l y  not  an  overview of r a d i o a c t i v e  material 

t r a n s p o r t a t t o n ,  but  an overview of t r a n s p o r t a t i o n  as i t  relates t o  one 

s p e c i f i c  type of material, low s p e c i f i c  a c t i v i t y  (LSA) mate r i a l .  

t h e  predominant type  of material cha t  f i t s  i n t o  the  low-level waste cate-  

gory.  

It I s  

1 want t o  d i s c u s s  how LSA is r egu la t ed ,  s e t t i n g  f o r t h  t h e  requi re -  

ments. But I f i r s t  want t o  review t h e  gene ra l  scheme of r egu la t ions .  I 

do not  want t o  spend a l o t  of t i m e  on t h a t ,  hut P do want t o  conclude by 

d i scuss ing  what I see as a f u t u r e  change i n  t h e  r egu la t ions  t h a t  i s  prob- 

a b l y  i n e v i t a b l e .  It has not been formal ly  proposed, as y e t ,  but  i t  w i l l  

a f f e c t  t r a n s p o r t a t i o n  of LSA materials and, q u i t e  l i k e l y ,  impact on RLD 
needs i n  t h i s  area. 

As you know, t h e r e  are two major agencies  t h a t  r e g u l a t e  t ranspor-  

t a t i o n ,  t h e  U,S. Department of T ranspor t a t ion  ( D O T )  and t h e  U.S. Nuclear 

Regulatory Commission (NRC). Each has s t a t u t o r y  a u t h o r i t y ,  Because of 

t h i s ,  we have h i s t o r i c a l l y  worked through a Memorandum of Unders tandi  iig 

t o  avo id  over laps  atid d u p l i c a t i o n ,  

Bas i ca l ly ,  the r egu la t ions  f o r  t h e  IJnited S t a t e s  as w e l l  as the  rest 

of t h e  world are based OR t h e  I n t e r n a t i o n a l  Atomic Energy Assoc ia t ion  

(IAEA) safety s tandards  (Safe ty  S e r i e s  No. 6 ,  1973 e d i t i o n ) .  In  1983, 
both D@T and WRC amended t h e  domestic r e g u l a t i o n s  t o  conform t o  t h e s e  

1973 IAEA standards.  

I n  1980 the  IAEA then began convening the f i r s t  of t h r e e  advisory  

g roups  (1980, 1982, 1983) t o  develop another  series of changes. This 

r e s u l t e d  i n  t h e  1.985 e d i t i o n ,  which has  now been publ ished.  Within t h e  

n e x t  5 years  o r  so ,  most of t h e  coun t r i e s  of t h e  world,  i nc lud ing  the 

United S t a t e s ,  w i l l  undoubtedly be conforming t h e i r  r e g u l a t i o n s  t o  t h i s  

1385 e d i t i o n .  

Later, I want t o  end wi th  a b r i e f  d i scuss ion  on t h e  changes i n  ehe 1985 

e d i t i o n  that a f f e c t  LSA waste, which very probably w i l l  be the  p a t t e r n  on 
whlch t h e  domestic proposals  are a l s o  made, poss ib ly  next  year, t o  change 

LSA r e g u l a t i o n s  i n  t h e  United S t a t e s ,  The DOT r egu la t ions ,  as you know, 

are i n  T i t l e  49 of t h e  Code of Federa l  Regulat ions,  t h e  "Hazardous 

M a t e r i a l s  Regulations." NRG has i t s  r egu la t ions  i n  T i t l e  10, Pt. 71, 



“Packaging and T r a n s p o r t a t i o n  of Radioac t ive  M a t e r i a l . ”  Both s t a n d a r d s  

werr s u b s t a n t i a l l y  r e v i s e d  i n  1983 Eo conform t o  t h e  1973 i n t e r n a t i o n a l  

s t a n d a r d s  * 

Table  1 i s  a l i s t  of t h e  headings of t h e  DOT and NRC regula-  

t i o n s .  For  t r a n s p o r t a t i o n  purposes of r a d i o a c t i v e  maker-ials, there i s  a 

l a r g e  ca tegory  of materials t h a t  i s  n o t  reginlated,  o f  low r e g u l a t o r y  ron- 

c e r n ,  l a b e l e d  ”de minimis.” But,  f o r  purposes of t r a n s p o r t a t i o n ,  these 

m a t e r i a l s ,  t h a t  do n o t  exceed 2 nCi/g,  are not r e g u l a t e d ,  

I have found, down through the  y e a r s ,  t h a t  t h i s  de minirnls d e f l i n i t i o n  

i s  o f t e n  overlooked. Materials have been shipped as r e g u l a t e d  materials 

f o r  purposes of t r a n s p o r t a t i o n  when they  a c t u a l l y  d i d  not have t o  be, 

That  i s  not t o  say,  however, t h a t  t h e y  are n o t  s t i l l  r e g u l a t e d  f o r  pmr- 

poses  of b u r i a l  or d i s p o s a l .  

Wc g e t  i n t o  a system of r e g u l a t i o n  now i n  which we use  terms c a l l e d  A1 

and A 2 ,  which I w L l l  e x p l a i n .  Hoving upward from t h e  de minimis d e f i n i -  

t i o n ,  we have l i m i t e d  q u a n t i t i e s  o r  r a d i o a c t i v e  d e v i c e s  that are l i m i t e d  

i n  terms of f r a c t i o n s  of A1 and A2 

v a l u e s ) .  Very 

b r o a d l y ,  Type A q u a n t i t i e s  have Ifiniced c o n t e n t s ,  such t h a t  you never  

exceed 1000 Ci. Type A packages have t o  withstand only  normal c o n d i t i o n s  

of t r a n s p o r t ,  as def ined .  The package-apprclval process i s  a s e l f - a p p r o v a l  

p r o c e s s ,  s i n c e  you are n o t  requl.red t o  g e t  r e g u l a t o r y  approval  f o r  a 

Type A package (e.g. ,  t h e  DOT s p e c k f i c a t i o n  7A).  

v a l u e s  (e.g. ,  u s u a l l y  lom3 t i m e s  t h e s e  

Then we have Type A q u a n t i t i e s  and Type R q u a n t i t i e s .  

Type B packages have t o  w i t h s t a n d  severe a c c i d e n t  c o n d i t i o n s ,  and 

t h e r e  are very few s p e c i f i c a t i o n  packages l i - s t e d  i n  t h e  DOT r e g u l a t i o n s .  

When you are n o t  u s i n g  one of those ,  i t  becomes a tailor-made-approval 

s i t u a t i o n ,  where t h e  package d e s i g n  has  t o  be approved by the NRC b e f o r e  

i t  can be used. 

Therefore,  except  f o r  t h e  de m f n i m i s  d e f i n i t i o n ,  t h e s e  o thers  are 

l i m i t a t i o n s  on package a c t i v i t y  ( i . e*> t o t a l  a c t t v i t y  i n  a paekage).  The 

d e  minimis a c t i v i t y  is  a l i m i t  on s p e c i f i c  a c t i v i t y .  A l s o  l i m i t e d  i n  

t h i s  f a s h i o n  i s  t h e  ca tegory  of LSA, which is an  ex t remely  impor tan t  one, 

p a r t i c u l a r l y  i n  t h e  t r a n s p o r t  of low-level r a d i o a c t i v e  wastes, which w i l l  

be  developed f u r t h e r  as we go on. 

Going back eo t h e  d e f i n i t i o n ,  materials that do not  exceed 2 nCi/g 

are not  r e g u l a t e d  SOP purposes  of t r a n s p o r t a t i o n ,  This  same value is  



Table 1. Sources of f e d e r a l  r e g u l a t i o n s  

Main headings 

T i t l e  4 9 ,  U.S. Department of Transpor ta t€on ' s  "Hazardous Materials 
Regulat€ons,"  P t s .  100-178 

4 9  CFR 106 
49 CFR 107 
4 9  CFK 171 
49  CFR 172 

4 9  CFR 173 

4 9  CFR 174 
49 CFR 175  
4 9  CFR 176 
4 9  CFR 177 
4 9  CFR 178 

Rulemaking Procedures 
Hazardous Materials Program Procedures 
General Information,  Regulat ions and Def in i t i ons  
Hazardous Materials Tables  and Hazardous Materials 

Shippers-General  Requirements f o r  Shipments and 

Carr iage  by Rail 
Carr iage  by A i r c r a f t  
Car r iage  by Vessel 
Carr iage  by Pub l i c  Highway 
Shipping Container  S p e c i f i c a t i o n s  

Communications Regulat ions 

Packagings 

T i t l e  10, U.S. Nuclear Regulatory Commission 

10 CFR 71 Packaging and Transpor t a t ion  of Radioact ive Material 

Note: Pursuant  t o  10 CFR 71.5(7) NRC l i c e n s e e  sh ippe r s  are d i r e c t l y  

"$ 
s u b j e c t  t o  49 CFR sh ippe r  requirements.  

quoted i n  t h e  i n t e r n a t i o n a l  r e g u l a t i o n s  and in a l l  of the  s t a tu t e s  upon 

which domestic r egu la t ions  are based. 

Under t h e  A1/A2 system, the re  is  a l i s t  of some 250 nuc l ides  in t h e  

r e g u l a t i o n s ,  each hav€ng an A1 and A2 value.  Table 2 gives a few examples 

from t h a t  l i s t ,  with A1 befng e s s e n t i a l l y  material t h a t  i s  i n  s p e c i a l  

form, and A2 material being material i n  nonspec ia l  o r  normal form. 

i s  very important  f o r  t h e  more r a d i o t o x i c  materials, bu t ,  e s s e n t i a l l y ,  

special  form materials are a r a d i a t i o n  hazard only if they escape from t h e  

package. 

Form 

Nonspecial  form o r  normal form materials a r e  both a r a d i a t i o n  and 

contaminat ion hazard i f  they escape from t h e  package. So, i f  you th ink  of 
s p e c i a l  form, you th ink  of A i ;  if you th ink  of nonspec ia l  form o r  normal 

form, th ink  of A;?. In t h e  r e g u l a t i o n s ,  t h e r e  i s  a t a b l e  of rad ionucl ides  

i n  which t h e  A1 and A2 are l i s t e d  f o r  each nucl ide.  So, as an example, i f  

you are i n t e r e s t e d  i n  how much a c t i v i t y  you can s h i p  f o r  "Co, you look up 
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Tab le  2. Type A package q u a n t i t y  l i m i t s  for  se1ec"id r a d i o n u c l i d e s  

E lemen t  and ( c i )  Az(Ci) 
a tomic number ( s p e c i a l  form) (normal form) --,.-- ... ... .. Kadlonuclfde -.- 

4 c  Carbon ( 6 )  1000 

'Mo Molybdenum (422 100 
2 3 5 ~  Uranium ( 9 2 )  100 
226Ra Radium (88) 10 
201R, Lead (82 )  20 
6OCO Cohale ( 2 7 )  7 

137cs Cesium (55) 30 
60 
10 
20 

0.2 
0.05 

21) 
'7 

t h e  AI v a l u e ,  7 Ci, and the A i  value, 7 C i .  Th i s  happens t o  be a n u c l i d e  

where the  liorlts are the 5ameo 

F o r  most materials, t h e  A1 nurnber i s  h i g h e r  t h a n  t h e  A2 number. B u t ,  

i n  any case, n e i t h e r  v a l u e  will ever exceed 1000 Ci. S i n c e  t h e  c o n t e n t s  

are  s o  l i m i t e d ,  t h e  package i n u s t  o n l y  w i t h s t a n d  normal c o n d i t i o n s  €or 

t r a n s p o r t a t L o n .  A s  I p o i n t e d  o u t  ea r l ie r ,  when package a c t i v i t y  i s  
l i m i t e d  t o  f r a c t i o n s  of t h e s e  v a l u e s ,  then ysii have the so -ca l l ed  quam- 

t i t i e s  o r  excep ted  q u a n t i t i e s ,  which are excep ted  from s p e c i f i c  packaging, 

marking, and l a b e l i n g  r equ i r emen t s .  Generally speaking, Pf you do n o t  

exceed 0.001 of t h e s e  A 1 / A 2  v a l u e s ,  you have a l i m i t e d  q u a n t i t y .  You do 

n o t  have t o  have any s p e c i f i e d  packaging;  i t  must on ly  be m s t r o n g - t i g h t  

package. The same i s  t r u e  f o r  excep ted  i n s t r u m e n t s  o r  r a d i o a c t i v e  

a r t i c l e s ,  gauges, and elect:ron t u b e s  t h a t  c o n t a i n  a r a d i o a c t i v e  source as 

a component p a r t .  

Under DOT r e g u l a t i o n s ,  the LSA c a t e g o r y  is  l i m i t e d  s o l e l y  on a spe- 

c i f i c  a c t i v i t y  b a s i s .  A s  shown i n  Tab le  3, the maxlrsriro a c t l v i t y  of the 

material i s  r e l a t e d  t o  the A2 v a l u e .  

O r P g i n a l l y ,  a n  LSA material was c o n c e p t u a l i z e d  as one t h a t  was 

i n h e r e n t l y  safe. The models used t o  develop the s p e c i f i c  a c t i v i t y  l i m i t s  

malnly c o n s i d e r e d  i n g e s t i o n  o r  i n h a l a t i o n  of lap t n  EO mg of material.s, 

w i t h o u t  exceed ing  the recommended r a d i a t i o n  protection l i m i t s .  

However, over the  years ,  the concept  has been extended. For example, 

i f  you t a k e  materials that  are l i m i t e d  t o  0.3 nCi/g,  when the A2 v a l u e  
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Table 3. LSA category limitations based on DOT regulations 

If A2 of the radionuclide 
is : material is: 

The maximum activtty per gram of 

- (0.05 Ci 
>(la05 to 1.0 Ci 
>1*0 ci 

0.0001 mCi 
0.005 mC€ 
0.3 mCi 

exceeds 1 Ci, and if you have enough grams of that materlal in a package, 

you then have a package that requires heavy shielding and has high 

radiation dose rates associated with it. It is "not so low" in "low spe- 

cific activity." 

Under DOT regulations, all that is required for LSA materPals is a 

strong-tight package. This is not the case with NRC regulations, which go 

coixsiderably further in specifying the type of packaging that is required 

€or this "not-so-low" LSA. It is far such materials that there will very 

likely be future changes, based on international changes, aimed at placing 
more limitations on shipment of this kind of material. 

Again, regarding package limitations, Type A is anything less than or 

equal to A1 or A2. Anything exceeding that is called a Type B quantity, 
for which you need Type B accident-resistant packaging. 
must only withstand normal conditions of transport. In DOT regulations, 

there had been a category called large-quantity radioactive material, 

which €s  now known as highway-route control quantPty and is a multiple of 

3000 A1 of A2, or  30,000 Ci, whichever is least. These are the quantit-les 

wherein the DOT routing rules apply or the NRC requirements require noti- 

fication of the governor of a particular state to which a shipment i s  

golng. We are talking mainly about spent fuel in this category. In addi- 

tion, Type A packaging must only withstand normal conditions, but Type B 

must also withstand accident conditions. 

Type A packaging 

Thus, for Type A packages, shipments involve mainly industrial-type 

packaging. A very important scheme of regulation here is that the DOT 

specification 7A, which is the only specification authorized, is a self- 

approval process, wherein the user of-' this package has to document and 
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main ta in  on f i l e  how t h e  package w a s  assessed  t o  meet these  condi t ions .  

The use r  does not  go t o  NRC o r  DOT For approval ,  i f  t h e  use r  i s  shipping a 

DOT s p e c i f i c a t i o n  7 8  Type A package, 

The v a s t  major i ty  o f  materials shipped i n  t h i s  category are radio- 

pharmaceut icals ,  such as techn@tium-molybdenum genera tors .  Now, when you 

g e t  i n t o  Type B ,  i t  is  a d i f f e r e n t  " b a l l  game?' i n  terms of t he  performance 

of t h e  package. It  has to  meet severe  acc ident  condi t ions ,  which are 

d e t a i l e d  i n  sequence i n  P t .  71. The Type B packages have t o  meet these  so- 

c a l l e d  " t o r t u r e  t e s t s * "  as l i s t e d  i n  Table 4 .  

Table 4 .  Type B packaging tests 

1 .  A 30-ft f r e e  drop onto an unyie ld ing  sur face .  
2 ,  

3. Thermal exposure a t  1475'F f o r  30 min. 
4 .  Water immersion f o r  8 11 ( f o r  f i s s i l e  ma te r i a l s  packaging only).  

A puncture t e s t  which is  a f r e e  drop >lo0 cm 0 4 0  in . )  onto a 15-cm 
(6-in. )-diarn s tee l  p in .  

General ly ,  i f  you are not using one of t h r e e  o r  fou r  DOT s p e c i f i c a t i o n  

packages t h a t  are l i s t e d  i n  t h e  r e g u l a t i o n s ,  you have t o  go t o  NKC with  an 

a p p l i c a t i o n  demonstrating how your package meets these  condi t ions .  I f  MI", 

i s  s a t i s f i e d  wi th  such demonstrat ions,  they I ssue  you a c e r t i f i c a t e  f o r  

t h e  package. Any o t h e r  NRC-licensed sh ipper  can use  t h e  same NKC- 

c e r t i f i e d  package under a gene ra l  l i c e n s e  under P. 71. There i s  a d i rec-  

t o r y  of c e r t i f i e d  packages (NUREG-0383) which l i s t s  annual ly  t h e  

NKC-certified packages. 

Under t h e  scheme of r egu la t ions ,  t h e  DOT a l s o  au tho r i zes  t ranspor-  

t a t i o n  of packages t h a t  a r e  c e r t t f i e d  by DOE f o r  i t s  o ~ m  use and t h a t  of 

i t s  con t r ac to r s .  These a r e  au thor ized  f o r  use under DOT r egu la t ions .  

Therefore ,  two d i f f e r e n t  approval a u t h o r i t i e s  e x i s t  f o r  Type B packages: 

DOE-approving packages f o r  DOE and i t s  con t r ac to r s ;  and t h e  NRC-approving 

packages under P t .  7 1  f o r  use by NRC l i censees .  
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Type I3 packages inc lude  a broad range of s i z e s  and shapes,  such as 

small  radiography packages, r i g h t  on up t o  l a r g e  spent  f u e l  casks. 

In t h e  LSA ca tegory ,  i f  you exceed t h e  LSA concen t r a t ion  l i m i t  and you 

have a s t r a i g h t  Type B q u a n t i t y  i n  your package, then  you need a s t r a i g h t  

Type B package. There are s e v e r a l  c e r t i f i e d  w a s t e  packages t h a t  a r e  used 

f o r  sh ipping  r a d i o a c t i v e  wastes a t  Type B a c t i v i t y  levels.  

A s  f o r  LSA, which does not  exceed t h e  a c t i v i t y  concen t r a t ion  l i m i t s ,  

Such then  finder DOT r e g u l a t i o n s ,  a l l  you need i s  a s t rong- t igh t  package. 

packages must be shipped i n  exclusive-use veh ic l e s .  

s t anda rds  f o r  a s t rong- t igh t  package o t h e r  than i t  must not  l eak  under 

normal condi t ions  of t r anspor t .  

There are no s p e c i f i c  

A l o t  of m a t e r i a l ,  mainly t h e  DAW type ,  i s  shipped i n  s t rong- t igh t  

packages,  drums, and boxes 

Under DOT r e g u l a t i o n s ,  i f  you are sh ipping  a less- than-truckload 

amount of LSA material, it i s  p r e t t y  much l i k e  sh ipping  a Type A package. 

Most LSA material i s  shipped t h i s  way, i n  exclusive-use veh ic l e s ,  where 

t h e r e  a r e  a s p e c i f i c  number of requirements  t h a t  have t o  be followed. 

Mast impor tan t ly ,  regard ing  packaging under DOT r e g u l a t i o n s ,  a l l  t h a t  is 

needed i s  a s t rong- t igh t  package. The o t h e r  DOT requirements inc lude  such 

t h i n g s  as p lacard ing  t h e  veh ic l e ,  monitoring contamination and r a d i a t i o n  

l i m i t s ,  mark-lng t h e  o u t s i d e  of t h e  package ‘“ rad ioac t ive  LSA,”  and pro- 

v i d i n g  w r i t t e n  i n s t r u c t i o n s  f o r  maintenance of exclusive-use shipment 

con t ro l s .  

\ 

The “ c e r t i f i e d  Type A package f o r  LSA exceeding Type A” is  a package 

t h a t  i s  used f o r  sh ipping  LSA and has been c e r t i f i e d  by NRC as Type A. A s  

you reca l l ,  Type A packages are a se l f -approval  process  under DOT regula- 

t i o n s ,  t h a t  is ,  when you are l i m i t e d  t o  no more than  a Type A q u a n t i t y  of 

t o t a l  ac tLv i ty  i n  a package. 

But you may a l s o  remember t h a t  i f  you have enough grams of materials 

a t  t h i s  concen t r a t ion  of 0.3 mCi/g o r  less, you have a package wi th  a f a i r  

amount of t o t a l  a c t f v i t y  and an a c t i v i t y  which exceeds,  r e a l l y ,  a Type A 

quan t i ty .  Then i f  you look a t  10 CFR Pt .  7 1  requirements ,  you f i n d  t h a t  

you need something more than j u s t  a s t rong- t igh t  package. I f  you are an 

NRC l i cense@ sh ippe r ,  and you have enough grams of material t h a t  you 

exceed what would o therwise  be a Type A q u a n t i t y  under DOT r e g u l a t i o n s  
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(which i s  a Type B q u a n t i t y ) ,  t h e n  t h e  NRC r e q u i r e s  t h a t  the package be 

c e r t . l f i e d  as Type A. The bottom l i n e  o f  t h i s  i n t e r e s t i n g  anoiiialy i s  t h a t  

i f  you have a Type 13 q u a n t i t y  of LSA r a d i o a c t i v e  mi-er ia l ,  you must u s e  a t  

l eas t  a c e r t b f l e d  Type A package, and,  addlcluaally, i t  must be c e r t i f i e d  

by NRC and nay not be a self-approved DOT s p e c i f f . c a t i o n  7A Type A package. 

If you look a t  the NRC c o n t a i n e r  d i r e c t o r y  (NUREG-Q~~~), these are 

some 20 d e s i g n s  l i s t e d  t h a t  are c e r t i f i e d  Type A packages.  A v a s t  

majority of t h e  power r e a c t o r  f u e l  c y c l e  m a t e r i a l s ,  such as s p e n t  res ins ,  

f i l t e r s ,  and t h a t  k ind  of material., are sh ipped  l.n t h e s e  NRC-eerciffed 

Type A package..;. Many of these d e s i g n s  i n v o l v e  an Inne r ,  d i s p o s a b l e  MIC 

as a l i n e r .  Such an HI@ l i n e s  i s  used as t h e  means of s t a b i l i z i n g  the 

waste form f o r  purposes  of 10 CFR P t .  51 r equ i r emen t s .  So, as you can see ,  

t h e  NRC goes c o n s i d e r a b l y  f u r t h e r  t h a n  DOT i n  r e q u i r i n g  a t  least  a cer- 

t i f i e d  Type h package when you have a Type 3 q u a n t i t y  of LSA. 

That  i s  t h e  t h r u s t  of t h e  concern o v e r  LSA that has  been  c o n s i d e r e d  

and d e l l b e r a t e d  by the  IAEA t h e  l a s t  4 y e a r s ,  It h a s  r e s u l t e d  i n  some 

f i n a l i z a t i o n  of arnendrnenfs t o  the i n t e r n a t i o n a l  r e g u l a t i o n s  (ImA S a f e t y  

S e r i e s  No. 5,  1985 E d i t i o n )  t h a t  are aimed a t  l i m i t i n g  the haza rd  from 

u n s h i e l d e d  LSA materials and e s t a b l i s h i n g  more p r e c i s e  packaging ~-equire--  

ments. 

The Appendix c o n t a i n s  e x c e r p t s  of t h e  p e r t i n e n t  pa rag raphs  from the 

1985 r e g u l a t i o n s .  One can look at these t o  g e t  some i d e a  of t h e  t h r u s t  of 

what t h e  changes are go ing  t o  be. B a s i c a l l y ,  1 b e l i e v e  t h a t  t h e  f u t u r e  

p r o p o s a l s  i n t o  t h e  Uuited S t a t e s  w i l l  be t o  l i r n i t  t h e  package i a c t i v i t y  of 

the c o n t e n t s  of LSA material such  that, when u n s h i e l d e d ,  w i t h o u t  any 

packaging,  the r e s u l t i n g  r a d i a t i o n  l e v e l  wrai.11.d no t  exceed 1 rem/h a t  3 m. 

I f  you c a l c u l a t e  some of the a c t i v i t i e s  of f l l . ters and resin l i n e r s  

and de te rmine  t h e i r  u n s h i e l d e d  a c t i v i t y  and dose ra te  i n  t h e  e x i s t i n g  

o u t e r  package, you can see what some of t h e  impact might be i f  t h i s  k-ind 

of change t a k e s  p l a c e  i n  the r e g u l a t i o n s .  

It i s  something t h a t  everybody ought t o  th-lnk about .  I n  p a r t i c u l a r ,  

watch what w e  regiilzitors are p ropos ing  t o  do t o  you i n  any No t i ces  of 

Rulemaking on LSA. A t  t h e  p r e s e n t  t i m e ,  DOT has a s t u d y  t h a t  i s  be ing  

performed by Sandia  L a b o r a t o r i e s .  It is a c o s t - b e n e f i t  s t u d y  of t h e  

impact  of these k i n d s  of changes.  I b e l i e v e  they will be ciPr:i.ng t h e  

results of t h i s  s t u d y  i n  any proposed rulemaking. 
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l p 4 , 5 . 1  Excerpts from IAEA Safety Series No.  6 (Regulations for the 

Safe Transport of Radioactive Material) 

Defhition of LSA 

Low specific, activity material. 

131. Low specific activity (LSA) material shall mean radioactive 

material which by its nature has a limited specific activity, or 

radioactive material for which limfts of estimated average specific 

activity apply. External shielding materials surrounding the LSA 

material shall not be eonsfdered in determining the estimated average 

speclf ic acti.vi ty. 

L S A  inaterial shall be in one of three groups: 

(a) LSA-I 

(I) Ores containing naturally occurring radionuclides (e.g., 

uranium, thorium, ), and uranium or  thorium concentrates of 

such ores; 
(if) Solid unirradiated natural uranium or depleted uranium or 

natural thorium o r  their solid or liquid compounds o r  
mixtures; or 

(iii) Radioactive material, other than fissile material, for 

which the A2 value is unlimited. 

( b )  LSA-11 

(i) Water with tritium concentration up to 1 TBq/L (20 Ci/L); 

or 

(ii) Other material in which the activity is distributed 

throughout and the estimated average specific activity does 

not  exceed IO-+ A2/g f o r  solids and gases, and 
for solids. 

Az/g 

(e) LSA-111 

Solids (e.g., consolidated wastes, activated materlals) in 

which : 

(i) The radioactive material is distributed throughout a solid 
or a collection of solid objects, or i s  essentially 
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uniformly d i s t r i b u t e d  i.n a s o l i d  compact binding agent 

(such as concrete ,  bitumen, ceramic, e t c .  ); 

( i i )  The r ad ioac t ive  material i s  r e l a t i v e l y  Inso luble ,  o r  i t  is 

i n t r i n s i c a l l y  contained i n  a r e l a t i v e l y  %nsoluble  matrix,  

s o  t h a t ,  even under loss  o f  packaging, t he  l o s s  of 

r ad ioac t ive  material p e r  package by leaching  when placed i n  

water f o r  7 d would not  exceed 0.1 A2; and 

( i i i )  The es t imated average s p e c i f i c  a c t i v i t y  of t h e  s o l i d ,  

excluding any sh ie ld ing  material, docs iiot exceed 2 x loe3 

A2Ig. 

Def in i t i on  of SCO I 

Surface contaminated ob jec t  

144.  Surface contaminated ob jec t  (SCO) s h a l l  mean a s o l i d  ob jec t  

which is  not i t s e l f  r ad ioac t ive  but which has r ad ioac t ive  m a t e r i a l  

d i s t r i b u t e d  on i t s  sur faces .  SCO s h a l l  be i n  one of two groups: 

(a )  SCO-I: A s o l i d  ob jec t  on which: 

(i) t h e  non-fixed contamination on the  a c c e s s i b l e  su r face  

averaged over 300 cm2 (or the area of t he  su r face  i f  less 
than  300 em2) does not exceed 4 Bq/cm2 ( l o m 4  v C i / c m 2 )  f o r  

be t a  and gamma emitters, o r  0.4 B q / e m 2  ( l o w 5  p C i / c m 2 )  f o r  

a lpha  emitters; and 

(ii) the  f ixed  contamination on t h e  a c c e s s i b l e  su r face  averaged 

over 300 em2 (or  t h e  area of t he  su r face  i f  less than  

300 em2)  does not exceed 4 x l o 4  Bq/crn2 ( 1  v C i / c m 2 )  f o r  

b e t a  and gamma emitters, o r  4 x 103 $q/cm2 (0.1 pci/c3rn2) 

f o r  a lpha emitters; and 

( i i i )  t h e  non-fixed contamination p lus  t h e  f i x e d  contamination on 

t h e  inaccess ib l e  su r face  averaged over 300 cm2 ( o r  t h e  

area of t h e  su r face  i f  less than 300 cm2) does not exceed 

4 x lo4 Bq/crn2 ( 1  uCi/cm2) f o r  be ta  and gamma emitters, o r  
4 x l o3  Bq/cm2 (0.1 p C i / c m 2 )  f o r  a lpha emitters. 

(b)  SCO-11: A s o l i d  ob jec t  on which e i t h e r  t he  f ixed  o r  non-fixed 

contamination on the: su r f ace  exceeds t h e  app l i cab le  l i m i t s  spe- 

c i f i e d  f o r  SCO-I i n  (a> above and on whlcb: 
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(i) t h e  non-fixed contamination on t h e  a c c e s s i b l e  su r face  

averaged over 300 em2 ( o r  t h e  area of t h e  s u r f a c e  i f  less 

than  300 cm2) does not  exceed 400 Bq/crn2 

b e t a  and gamma emitters o r  40 Bq/cm2 ( lom3 pCi/cm2) f o r  

a lpha  emitters; and 

u C i / c m 2 )  f o r  

( i i )  t h e  f i x e d  Contamination on t h e  a c c e s s i b l e  s u r f a c e  averaged 

over  300 an2 ( o r  t he  area of the  s u r f a c e  i f  less than 

300 em2) does not exceed 8 x lo5  Bq/cm2 (20 pCi/crn2) f o r  

b e t a  and gamma emitters o r  8 x l o4  Bq/cm2 ( 2  InCi/cm2) f o r  

a lpha  emitters; and 

( i i i )  t h e  non-fixed contamination p lus  t h e  f fxed  contaminat ion on 

t h e  i n a c c e s s i b l e  s u r f a c e  averaged over 300 em2 (or  t h e  area 
of t h e  s u r f a c e  i f  less than  300 c m 2 )  does not  exceed 8 x 

lo5 Bq/cm2 (20 p C i / c m 2 )  f o r  be t a  and g a m a  emitters, o r  
8 x lo4 Bq/cm2 (2  v C i / c m 2 )  f o r  a lpha  emitters. 

General  Provis ion  f o r  LSA and SCO 

I n d u s t r i a l  packages 

311. 
s i n g l e  package of SCO s h a l l  be so r e s t r i c t e d  t h a t  t h e  r a d i a t i o n  l e v e l  

s p e c i f i e d  i n  para.  422 s h a l l  not  be exceeded, and t h e  a c t i v i t y  i n  a 

s i n g l e  package s h a l l  a l s o  be s o  r e s t r i c t e d  t h a t  t h e  a c t l v i t y  l i m i t s  

f o r  a conveyance s p e c i f i e d  i n  para.  427 s h a l l  no t  be exceeded. 

The t o t a l  a c t i v i t y  i n  a s i n g l e  package of LSA material o r  i n  a 

ReauLrements and Cont ro ls  for TransDort of LSA and SCO 

422. 

o b j e c t  o r  c o l l e c t i o n  of o b j e c t s ,  i f  app ropr i a t e ,  s h a l l  be s o  

r e s t r i c t e d  t h a t  t h e  e x t e r n a l  r a d i a t i o n  l e v e l  a t  3 m from t h e  

unshielded material o r  o b j e c t  o r  c o l l e c t i o n  of o b j e c t s  does no t  

exceed 10 mSv/h (1 rem/h). 

The q u a n t i t y  of LSA m a t e r i a l  o r  SCO i n  a s i n g l e  package o r  

423. LSA material and SCO which is o r  con ta ins  f i s s i l e  material 

s h a l l  m e e t  t h e  app l i cab le  requirements  of paras .  479, 480, and 559. 
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4 2 4 ,  Packages,  i n e l u d i n g  t a n k s  or f r e i g h t  c o n e a i n e r s ,  c o n t a i n i n g  LSA 

material o r  SGQ s h a l l  he sub jec t  t o  t h e  p r o v i s i o n s  of paras. 488 and 409. 

425.  LSA m a t e r i a l  and SCQ i n  groups MA-H and SCQ-I m y  be 

t r a n s p o r t e d  unpackaged under t h e  f o l l o w i n g  c o n d i t i o n s :  

( a )  A l l  unpackaged material o t h e r  t h a n  ores c o n t a i n t n g  only  

n a t u r a l l y  o c c u r r i n g  radionuelides s h a l l  be transported i n  such a 

manner that under condittons l i k e l y  t o  be encountered i n  

r o u t i n e  t r a n s p o r t  t h e r e  w i l l  be no escape  of the c o n t e n t s  of  t h e  

conveyance nor  w i l l  t h e r e  by any l o s s  of s h i e l d i n g ;  

.--. I n d u s t r i a l  Package ~ - -  Requirements 

Package 

134.  Package s h a l l  m a n  the packagtng w i t h  i t s  r a d i o a c t i v e  c o n t e n t s  

as p r e s e n t e d  f o r  t r a n s p o r t .  Package arid packaging performance s t a n -  

d a r d s ,  i n  terms of r e t e n t i o n  of integrLtgr o r  contairimcnt and 

s h i e l d i n g ,  depend upon t h e  q u a n t i t y  and n a t u r e  of the  r a d i o a c t i v e  

material t r a n s p o r t e d .  Performance s t a n d a r d s  a p p l i e d  are graded t o  

take  inta account  c o n d i t i o n s  of t r a n s p o r t  c h a r a c t e r i z e d  by the  

f o l l o w i n g  s e v e r i t y  1evel.s : 

- c o n d i t i o n s  l i k e l y  t o  bc encountered i n  r o u t i n e  t r a n s p o r t  ( i n  

i n c i d e n t - f r e e  c o n d i t i o n s ) ,  

- normal c o n d i t i o n s  o f  t r a n s p o r t  (minor mishaps),  and 

- a c c i d e n t  c o n d i t i o n s  of transport. 

The performance s t a n d a r d s  i n c l u d e  d e s i g n  requirerufnts  and tes ts .  

Each package s h a l l  be c l a s s i f i e d  as fo l lows:  

( a )  Excepted package is a packaging c o n t a i n i n g  excepted  r a d i o a c t i v e  

material (see paras .  418-420)  that i s  designed t o  meet t h e  

General  Requirements f o r  A l l  Packagings and Packages (see paras. 

5 0 5 5 1 4 ) .  

( b )  ( i )  I n d u s t r i a l  Type 1 ( I P - 1 )  i s  a packaging, tank ,  o r  f r e l g h t  

c o n t a i n e r  c o n t a i n t n g  LSA material or s u r f a c e  contaminated 

ob jec t  (SCO)(see paras .  1 3 2 ,  1 4 4 ,  and 4 2 4 )  t h a t  i s  destgned 
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t o  meet t h e  General Design Requiremeuts f o r  A l l  Packagings 

and Packages (see paras .  505-514). 

(ii) I n d u s t r i a l  package Type 2 (IP-2) i s  a packaging, tank,  o r  

f r e l g h t  con ta ine r  conta in ing  LSA matertal o r  SCO (see paras .  

131, 144 ,  and 426), t h a t  i s  designed t o  m e e t  t h e  General 

Requirements f o r  All Packagings and Packages (see paras .  

505-514), t h e  requirements of paras .  51F-517 i f  c a r r i e d  by a i r ,  

and, i n  add i t ion ,  t h e  fo l lowing  S p e c i f i c  DesLgri Requirements: 

(I) f o r  a package, see para.  519, (ti) f o r  a tank ,  see paras .  

521-522, and ( i i f )  €or  a f r e i g h t  con ta ine r ,  see para. 523; 
(iii) I n d u s t r i a l  package Type 3 (IP-3)  is  a packaging, tank ,  o r  

f r e i g h t  con ta ine r  conta in ing  LSA material o r  SCO (see paras. 

131, 144, and 4261, t h a t  i s  designed t o  meet t h e  General 

Requirements f o r  A l l  Packagings and Packages (see paras .  

50+514), t h e  requirements  of paras. 515-517 i f  c a r r l e d  by air, 

and, I n  a d d i t i o i n ,  t h e  fo l lowing  Specifi ic Design Requirements: 

(i) f o r  a package, see para. 520, (ii) f o r  a tank,  see paras. 

521-522, and (fit) f o r  a f r e i g h t  con ta ine r ,  see para. 523. 

Each conveyance s h a l l  be under exc lus ive  use,  except when only 

t r a n s p o r t a t i n g  SCO-I on which t h e  contaminat ion on t h e  

a c c e s s i b l e  and t h e  i n a c c e s s i b l e  su r faces  i s  not g r e a t e r  than ten 

t i m e s  t h e  a p p l i c a b l e  l e v e l  s p e c i f i e d  i n  para. 122; and 

For SCO-I where It i s  suspec ted  t h a t  non-fixed contamination 

exists on i n a c c e s s i b l e  s u r f a c e s  i n  excess of the  va lues  spe -  

c i f i e d  i n  para.  144(a)(i) measures sha l l  be taken t o  ensure  t h a t  

t h e  r a d i o a c t i v e  inaterial is  not  r e l eased  i n t o  t h e  conveyance. 

426. LSA material and SCO, except as o therwise  s p e c i f i e d  i n  para.  

425, s h a l l  be packaged i n  accordance wi th  t h e  package i n t e g r i t y  

l e v e l s  s p e c i f i e d  i n  Table 5, i n  such a manner t h a t ,  under condi t ions  

l i k e l y  t o  be encountered i n  r o u t i n e  t r a n s p o r t ,  t h e r e  w i l l  be no 

escape of con ten t s  from packages, nor w i l l  there be any loss of 

s h i e l d i n g  a f forded  by t h e  packaging. LSA-IT material, LSA-111 

material and SCO-I1 s h a l l  no t  be t r anspor t ed  unpackaged. 
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427. The total activity of LSA material and SCO in any single con- 

veyance shall not  exceed t h e  limits shown in Table 6 .  

Table 5. Industrial package integrity requirements for LSA material 
and SCO 

Industrial package typea 
Contents Exclusive use Not under exclusive use-- 

LSA-~b 
S o l i d  
Liquid 

LSA-I1 
Solid 
Liquid and gas 

LSA-III  

sco-I1 
SCO-Ib 

IP-  1 
IP-  1 

IP-2 
IP-2 
IP-2 
IP-1 
IP-2 

I P -  1 
TP-2 

IP-2 
IP-3 
IP-3 
IP-1 
IP-2 

aSee para. 134. 
bUnder t h e  conditions specified i n  para. 4 2 5 ,  LSA-I. materlal and 

SCO-I may be transported unpackaged. 

Table 6 .  Conveyance activity l m i t s  for LSA material and SCO 

Activity limit for Activity limit for a 
conveyances other than hold o r  compartment 

Nature of material by inland waterwaya of an inland water craft" 

LSA-I1 and LSA-I1 No lldt 
non-combustible solids 

LSA-I1 and LSA-IT1 
combustible solids, and 100 A2 
all liquids and gases 

100 A2 

10 A2 

s co 100 A2 10 A2 

aThe concentration limit for tritium in liquid form, specified in 
Table 1, does not apply. 
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1.4.5.2 Discussion 

DR. RODGERS: Al, I d id  you a b i t  of a d i s se rv ice .  1 t h ink  t h e  

programmer f o r  t h e  timer malfunctioned, and i t  d i d  not  r e a l l y  go of f  a t  

twenty a f t e r .  So, l u c k i l y ,  we have some e x t r a  t i m e  now. I th ink  i t  
worked out  r e a l l y  w e l l ,  except f o r  t he  f a c t  you had t o  rush a l i t t l e ;  i t  

al lows us t o  open the  f l o o r  f o r  ques t ions .  We have about 8 minutes, so  I 
w i l l  open the  f l o o r  f o r  ques t ions  t o  any speaker who has spoken t h i s  mor- 

n ing;  no t  j u s r  t o  A l ,  because many t i m e s  we w e r e  rushed and d i d  not  have 
enough t i m e  f o r  ques t ions  af ter  t h e  o the r  t a l k s .  

DR. MALLORY: I a m  Chuck Mallory,  Westinghouse Hittman, with 

ques t ions  f o r  Al. How can you j u s t i f y  these  more s t r i n g e n t  LSA regula- 

tions based on t h e  s a f e t y  record over t he  last 13 yea r s?  

MR* GRELLA: That is a good quest ion.  I th ink  t h a t  is one of the 

th ings  being addressed in t h e  DOE study by Sandia, a cos t -benef i t  analy- 

sis. A s  I t r i e d  t o  po in t  out ,  t h e r e  has been a concern on t h e  p a r t  of NRC 

about t h i s  kind of material. That i s  why we had t h i s  requirement f o r  10 

t o  15 years, r equ i r ing  t h a t  the packages be a t  least c e r t i f i e d  Type A 

packages f o r  what are otherwise Type B q u a n t i t i e s .  

DR. MALLORY: A s  I recall ,  i n  13 years  t h e r e  have been only two 

releases of material from those kinds  of packages. 

MR. GRELLA: Actua l ly ,  t h e r e  have not  been many i n c i d e n t s  i n  which 

t h e  package has been in an upset .  
knowledge, no LSA package, such as a cask, has breached. B u t ,  aga in ,  i t  

i s  a good quest ion.  It is c e r t a i n l y  something t h a t  w e  as r e g u l a t o r s  have 

t o  address  i n  a proposed ru le .  

There have been s e v e r a l  and, t o  my 

DR. NEILSON: Bob Neilson, EG&G, Idaho. I would l i k e  t o  d i r e c t  a 

ques t ion  t o  L a r r y  Oyen. Would you care t o  d i scuss  b r i e f l y  the implica- 
t i o n s ,  i f  any, of RCRA on r ad ioac t ive  waste d ispposa l?  

MR. OYEN: The RCRA requirements may have an impact, perhaps,  on 

i n c i n e r a t i o n  i n  some loca t ions ,  depending on how t h e  state and l o c a l  

r egu la t ions  may want t o  i n t e r p r e t  t h e  RCRA. We have not thought so f a r  

t h a t  i t  would be a major impact y e t ,  because t h e r e  have not been any cases 
t h a t  we are aware of t h a t  would cause problems. 



DR. NEILSON: The reason  I mentioned t h a t  i s ,  speakirng t o  some of the  

people  from Oak Ridge, I unders tand  t h a t  R C M  i s  t h r e a t e n i n g  to aEfecL 

t h e i r  o p e r a t i o n  t h e r e  a t  t h e  b u r i a l  s i t e .  

HK. OYEN: You mean a t  t h e  d i s p o s a l  s i t e  versus a t  the power plant?  

T was r e f e r r i n g  t o  t h e  I9OWC-i- p l a n t .  

: Joe Waldeii of AJ-abartna Power Company. I direct my 

q u e s t i o n  t o  M r .  Grella. The commission cannot  g ive  a waste g e n e r a t o r  a 

d e  diiirnls l e v e l ,  cannot agree  upon anyth ing  from o i l  t o  DAW t o  any 

medlum. 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 ,  1 would 

t h i n k ,  when w e  have a commission t h a t  a l s o  tel.ls os t h a t  2 mCf/g as a 

s h i p p e r  i s  no5 regula ted .  Could you t e l l  us what t h e  p h r a s e  "not regula-  

t e d "  means? 

KR. GRELLA: Tn terms of t h e  v a l u e  you j u s t  mentioned, i t  is 2 r?CS/g3 

and i t  is  an a c t i v i t y  below which the material i s  n o t  r e g u l a t e d  a t  a l l ,  

far  p u ~ p o s e s  of t r a n s p o r t a t i o n .  It i s  esseii t tal ly not  r a d i o a c t i v e .  As 1 

s a i d ,  that  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 i s  an anomaly i n  t h a t  i t  

i s  s t i l l  probably r e g u l a t e d  f o r  o t h e r  purposes.  Th is ,  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  l i m i t s  below r e g u l a t o r y  concern 

for lfCeASiPxg pllrpoSeS. 

A good c o r o l l a r y  of t h a t  i s  what was done by t h e  commi.ssion about  3 

y e a r s  ago i n  e s s e n t i a l l y  d e r e g u l a t i n g  or e s t a b l i s h i n g  a l i m i t  for l4c  ana 
t r i t i u m  i n  c e r t a i n  f o r m ,  levels below which they were not o f  regulatory 

concern. In t h l s  case, you e f f e c t i v e b y  had R r e g u l a t i o n  that s a i d  you do 

n o t  have t o  worry about t h e s e  things f o r  purposes  of r a d i o a c t i v i t y ,  

Well, t h e  DOT r e g u l a t i o n  on t r a n s p o r t a t i o n  v a l u e s  e x i s t e d  a t  2 nCi/g, 

and no c o n s i d e r a t i o n  w a s  g iven  by one t o  the o t h e r .  SO we had t h e  s i t u a -  

t i o n  i n  which t h i s  material became d e r e g u l a t e d  for purposes  of d i s p o s a l  

and possess ion ,  but  i t  was s t i l l  r e g u l a t e d  f o r  purposes of t r a n s p o r t a t i o n .  

As a p r a c t i c a l  matter, a l l  t h i s  meant t h a t  you needed a s h i p p i n g  paper.  

But ,  t h a t  i s  n o t  always t h e  way :it was handled i n  s p e c i f i c  s t t u a t i o n s  by 

b u r i a l  grounds- The DOT r e c e n t l y  p u b l i s h e d  a f i n a l  r u l e  t o  br ing  t h e  two 

r e g u l a t i o n s  t o g e t h e r .  They have de- regula ted ,  f o r  purposes  of transpor- 

t a t i o n ,  t h e  a c t i v i t i e s  of t r i t i u m  and 14C tha t  NRC had d e r e g u l a t e d  earller. 

It w a s  a good example of where the  d i f f e r e n c e  between t h e  purposes of 
.* 

t h e  regulattons r e a l l y  d i d  n o t  g i v e  a l o t  05 help .  I: could not a g r e e  w i t h  
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you more. Giving you a personal  opinion,  t he re  is a real need t o  

establish some l i m i t s  f o r  o t h e r  materials t h a t  are below regu la to ry  con- 

cern, It i s  a l l  well and good t o  say a material i s  not  r egu la t ed  f o r  the 

purpose of t r a n s p o r t a t i o n ,  but i f  you have s t i l l  got  a problem g e t t i n g  r i d  

of' i t ,  i t  does not do you any good, does i t?  

DR. ~~~~~~: It worald appear t h a t  the  problem would he on the o the r  

end, the recelver of the material, who wanted t o  dec la re  i t  he handled as 

a r a d i a a c t l v e  following the gu ide l ines  that  you j u s t  gave 11s. 

RS: Any more ques t ions?  

Thank you very mxh,  I would like t o  ask a l l  t h e  speakers  t o  make 

su re  they  provPde cop ie s  of t h e i r  slides t o  e i t h e r  Ed Freder ick ,  Bob 

J a l l e y ,  or m e ,  o r  any member who has a little " C o d t t e e "  t a g  on. We do 

i n t e n d  t o  inc lude  the s l i d e s  t h a t  are prov'lded, along with the t r a n s c r i p t ,  

for a1.l a t tendees .  

Thank you very much f o r  your a t t e n t i o n .  W e  are going t o  have a break 

tight now. 
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1.5 PANEL DISCUSSION (SESSION I), B. R. RODGEKS 

1.5.1 In t roduc t ion  t o  Workshop Panel  Discussion,  D. H. Charlesworth 

This  pane l  i s  aimed a t  g iv ing  us  t h e  oppor tuni ty  t o  broaden t h e  scope 

of d i scuss ion  beyond t h e  immediate t o p i c s  of t h e  workshop ses s ions ,  I n  

a d d i t i o n  t o  t h e  workshop's focus  on waste t rea tment ,  i t  would be 

a p p r o p r i a t e  t o  d i scuss ,  f o r  example, d i s p o s a l  methods, ope ra t ing  proce- 

du res ,  t h e  e f f e c t s  of t h e  es tab l i shment  of t h e  s t a t e  compacts, and de 

minimis c r i t e r i a .  W e  should,  however, remember t h a t  our o v e r a l l  a i m  is t o  

i d e n t i f y  problems t h a t  need R&D work i n  o rde r  t o  advance LLRW technology 

and t o  put  t h e  i n d u s t r y  i n  a b e t t e r  p o s i t i o n  i n  5 t o  10 years ,  o r  even 25 

y e a r s ,  from now. 

Examples of some ques t ions  which you might wish t o  exp lo re  are: 

1. Waste t rea tment  - What is  i t s  aim? - optimum technology a p p l i c a t i o n ?  

- b e t t e r  economics? - s a f e t y ?  - e f f i c i e n t  land use? -Where should 

t h e  f a c i l i t i e s  be loca t ed?  - l o c a l  t o  t h e  source?  - c e n t r a l i z e d ?  

- mobile? 

2. D i s p o s a l -  Does t h e  d i s p o s a l  s t e p  have t h e  major e f f e c t  on t rea tment  

s p e c i f i c a t i o n ,  o r  are t h e  major cons ide ra t ions  r e l a t e d  t o  waste 

c h a r a c t e r i z a t i o n ,  packaging, t r a n s p o r t ,  o r  s to rage?  

3.  S t a t e  Compacts -The  inc reased  number of sites w i l l  involve  smaller 
scale ope ra t ions  and a v a r i e t y  of s i t e  c h a r a c t e r i s t i c s ,  d i s p o s a l  

methods, r e g u l a t i o n s ,  and fee s t r u c t u r e s .  How does t h i s  v a r i e t y  

impact on t rea tment  needs? 

D e  minimis - C r e a t i o n  of a de minimis category w i l l  mean two s e p a r a t e  

smaller waste streams under d i f f e r e n t  j u r i s d i c t i o n s  and wi th  d i f f e r e n t  

c h a r a c t e r i z a t i o n  needs. How w i l l  i t  a f fec t  t h e  b e n e f i t s  of t rea tment?  

From the  above, it seems t h a t  we should have no t r o u b l e  f i l l i n g  t h e  

4 .  

pane l ' s  t i m e  s l o t  today. If w e  do run  ou t  of t i m e  before  you have t h e  

oppor tun i ty  t o  raise your t o p i c  of choice ,  p l ease  remember there is  t i m e  
scheduled f o r  a con t inua t ion  wi th  t h e  pane l  tomorrow morning. 
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1.5.2 Remarks I--. of V. R. Autry 

I a p p r e c i a t e  t h i s  o p p o r t u n i t y  t o  p a r t i c i p a t e  i n  t h i s  workshop and 

p r e s e n t  some of t h e  views and s u g g e s t i o n s  coiicerning t h e  t r e a t m e n t  and 

d i s p o s a l  of LLRW, We f e e l  ve ry  s t r o n g l y  t h a t  t h e  t r e a t m e n t  of waste 

shou ld  hrz approached from a t e c h n i c a l  s t a n d p o i n t  sild appl i e d  u n i v e r s a l l y  

t o  a l l  g e n e r a t o r s ,  bu t  w P t h  s t r o n g  c o n s i d e r a t i o n  of the env i ronmen ta l  

fac tors  a f f e c t i n g  each  d i s p o s a l  s i t e .  

P r l o r  t n  p r o m h g a t i o n  OF P t .  61, the d i s p o s a l - s i t e  s ta tes  h i s t o r i c a l l y  

s e t  s t a n d a r d s  Ear the t r e a t m e n t  and d i s p o s a l  of waste, w t t h  c o n d i c i o n s  

i n c o r p o r a t e d  i n t o  the l i c e n s e s  issued to t h e  d i f f e r e n t  d i s p o s a l  f a c i l i -  

t i e s .  Of c o u r s e ,  t h i s  i s  s t l l l  t h e  caseI However, c e r t a i n  e l emen t s  of 

t h e  new Pt. 61 are mandated i n  t h e s e  l i c e n s e s  t o  ensure c o n s i s t e n t  l a n d  

d i s p o s a l  and s t a n d a r d s  i n  waste c l a s s i f i c a t i o n .  

Methods of t r e a t m e n t  and containment  of w a s t e s ,  such as s o l i d i f i c a -  

tion media and systems,  and B I C s  were reviewed and approved on a case-by- 

ease h a s i s  by the states.  ALthnugh s u c c e s s f u l ,  i t  was very d i f f i c u 1 . t  f o r  

u s  t o  ac:cnmpl.ish t h t s  because of s t a f f  l i m i t a t i o n s .  

A s  we learned  more about  t h e  p r o p e r t i e s  of r a d i o a c t i v e  waste and 

s o 1 i d  i E i ca t i o n  m e  d i a , add i t i o  iia J- re  q u i reine TP t s were ne ce. R s ar  y t o  e n s u r e  

env i ronmen ta l  p r o t e c t i o n .  O f  coixse,  as t h e  volumes of r a d i o a c t i v e  w a s  tr 

grew, t h e  numbers of vendors  and treatment systems and m t h o d s  a l s o  

i n c s e a s e d ,  and t h i s ,  of c o u r s e ,  compounded o u r  problems i n  t r y i n g  t o  

r ev iew a l l  t h e s e  p r o p o s a l s .  

I n  o r d e r  t o  comply w i t h  t h e  r equ i r emen t s  c f  P t ,  h l  and t h e  f a c i . l i t p  

l i c e n s e ,  i t  became necessa ry  f o r  gu idance  and s t a n d a r d s  t o  be d e v i s e d  

t h a t  could be a p p l i e d  u n i v e r s a l l y  t o  a l l  was te  g e n e r a t o r s .  The N R C ' s  

branch t e c h n i c a l  p o s i t l o n  on w a s t e  forins was developed f o r  this purpose 

and,  of c o u r s e ,  i n  concurrence w i t h  t h e  s i t e d  states.  

Along wtth t h i s  came a j o i n t  review by t h e  NRC and t h e  s ta tes  o f  

p r o c e s s - c o n t r o l  programs, s o l i d i f t c a t i o n  media, methods, and H I C a ,  A t  

t h i s  p o i n t  i n  time, the s t a t e  and NRC both j o i n t l y  reviewed rhese f o r  

f i n a l  approva l .  

The NRG's branch t echn ica l .  p o s i t i o n  on waste forms has e s t a b l i s h e d  

numerous s t a n d a r d s  with g e n e r a l  c r i t e r i a  f o r  d e t e r m i n i n g  r a d i o n u c l i d e  con- 

c e n t r a t i o n s  i n  waste, i n  c l a s s i f y i n g  waste, as w.11 as i n  e s t a b l i s h i n g  
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s t anda rds  f o r  proper  waste s t a b i l l z a t l o n .  We f e e l  at t h i s  p o i n t ,  however, 

t h a t  spec.ifi.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 t h e  radiormclide concent ra t ions  in waste. 

This  i s  e s p e c l a l l y  t r u e  f o r  t h e  Class C waste and more so f o r  irra- 
diated r e a c t o r  components. In a d d i t i o n  t o  improving radforiwlide account- 

ability i n  waste streams, we a l s o  recommend poss ib l e  r e sea rch  and 

development s t u d i e s  f o r  LLRW t o  answer some of the following ques t ions ,  

which are posed by numbers of persons dea l ing  wi th  t h e  compacts, p o l i t i c a l  

persons, and o t h e r  t e c h n i c a l  people. 

The f i r s t  ques t ion  we w o u l d  l i k e  f o r  someone t o  a t  least  approach i s ,  

What a r e  the  increased r a d i o l o g i c a l  hazards  far hatidllng and d i s p o ~ l ~ i g  of 

wastes t h a t  have been sub jec t ed  t o  volume reduct ion  (e.g., (:ompaction and 

incineration)? We do not have very much material on t h i s  question today* 

Obviously t h e r e  are some advantages t o  volume reduct ion ,  which 

i n c r e a s e s  t h e  longevhty of b u r i a l  s i tes  by szviiig b u r i a l  space. However, 

where i s  t h e  break po in t?  When such a c t i v i t i e s  create a h igher  con- 

c e n t r a t i o n  of waste$ ir r e s u l t s  i n  increased  occupat iona l  exposure during 

handl ing  and h ighe r  p o t e n t i a l s  f o r  migrat ion I n  t h e  b u r i a l  environment. 

Other e f f e c t s  from waste reduction should a l s o  be considered,  such as 

r ad ionuc l ide  discharge t o  t he  environment dur ing  i n c i n e r a t i o n ,  Increased  

t r a n s p o r t a t i o n  exposures ,  and accFdent scenarhas.  

The second queslrion i s ,  based on handl ing and d ispos ing  of inc inera-  

t a r  ash ,  r e s i d u a l ,  and similar wastes at b u r i a l  f a c i l i t i e s ,  

c e n t r a t t o n  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  waste 

s t a b i L i t y ,  f o r  e x a m p l e ,  s o l i d i f f c a t i o n  o r  i nc reased  containment? 

T h e  advent of i n c i n e r a t o r s  and o t h e r  waste-treatment: methods produces 

s m a l l .  p a r t i c u l a t e s ,  which pose handl ing problems at b u r i a l  f a c i l i t i e s .  

There hs also an increased  p o t e n t f a 1  f o r  environmental  s u r f a c e  con- 

tarninat-Lon as a r e s u l t  of handl ing and t r a n s p o r t a t i o n  acc iden t s ,  

An in-depth s tudy of t h i s  situation may he lp  t o  determine a t  what 

concen t r a t ion  level t h e s e  waste forms should be solidified and r e q u i r e  

increased eontafnment e 

The t h i r d  ques t ion  i s ,  What would be an accep tab le  concent ra t ion  f o r  

c h e l a t i n g  agents  coiitatned i n  waste disposed in b u r i a l  environments? A t  
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t h e  Rarnwell s i t e ,  which has a humid environment, t h e r e  have been many 

numbers approached as t o  what percentage of c h e l a t i n g  agents  would be 

reasonable  f o r  disposa’l there .  However, t h e r e  has  been much d i scuss ion  

about t h i s ,  and each compact now, e s p e c i a l l y  i n  t h e  Southeast ,  w i l l  be 

faced  wi th  ever- increasing b u r i a l  of waste-containing c h e l a t i n g  agents ,  

O f  course,  t h i s  is  recognized as a means t o  increase migrat ion,  o r  t h e  

p o t e n t i a l  t o  i nc rease  migrat ion.  

Although compact approval  is  pending i n  Congress, t he  proposed 

l e g i s l a t i o n ,  as m l t t e n ,  would have var ious  e f f e c t s  on t h e  hos t  states, 

We f e e l  t h a t  t he  TJ,RW d i sposa l  technology w i l l  no t  be compromised by t h e  

compact. flowever, t h e  a l l o c a t i o n  scheme proposed, e s p e c i a l l y  t h e  requi re -  

ment f o r  t h e  t h r e e  hos t  s ta tes  t o  d iv ide  the “pie’* among themselves, w h l l  

have s i g n i f i c a n t  e f f e c t s .  

Administering t h e  a l l o c a t i o n  program, wi th  t t s  numerous v a r i a b l e s ,  

w i l l  r equ i r e  cons iderable  management. Also, t h e r e  i s  a need f o r  i n fo r -  

mation 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  

s i tes ,  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  is 

work toward t h i s  end now being done. 

Under cu r ren t  p r a c t i c e s ,  r egu la to ry  o r  otherwise,  cons iderable  quan- 

t i t i e s  of m a t e r i a l s  t h a t  con ta in  i n s i g n i f i c a n t  l e v e l s  of r a d i o a c t i v i t y  o r  

are o f t e n  overshadowed by t h e i r  t o x i c  p r o p e r t i e s  are disposed a t  l i censed  

f a c i l i t i e s .  Radiat ion l e v e l s  and concen t r a t ion  of rad ionucl ides  a lone  

should not  be a b a s i s  f o r  de te rmina t ion ,  bu t ,  a l s o ,  t h e  i n d i v i d u a l  

r a d i o t o x i c i t y  of nuc l ides  should be analyzed. 

There are o t h e r  cons ide ra t ions ,  r egu la to ry  r e s t r i c t t o n s ,  and p o l i t i -  

cal  and pub l i c  percept jons  t h a t  have a tremendous bear ing  on r egu la to ry  

dec i s ions .  Rowever, when approached reasonably and l o g i c a l l y  and eval-  

ua ted  f o r  h e a l t h  r i s k s  versus  b e n e f i t s ,  a s i g n i f i c a n t  amount of low-level 

r a d i o a c t i v e  wastes can be disposed by o t h e r  means than l i censed  radioae-  

t i v e  d i s p o s a l  sites. 
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1.5.3 Remarks of G. A. Benda 

When Herschel asked m e  t o  speak about t he  pe r spec t ives  of R&D, and 

what they would be i n  t h e  next  5 o r  10 yea r s ,  I came up wi th  two s p e c i f i c  

conclus ions ,  source e l imina t ion  and new d i s p o s a l  s i t e  economics. 

Being i n  P r o j e c t s  Development, T deal  q u i t e  a b i t  wi th  t h e  pub l i c  and 

i n  p o l i t i c s .  I f  you remember back i n  1977 and 1978, when South Caro l ina  

Governor Dick Ri ley  w a s  wondering why South Caro l ina  was tak ing  68,000 m3 

(2 .4 m i l l i o n  f t 3 )  of waste, the i n d u s t r y  w a s  being quest ioned on i ts  

volume-reduction plan,  and everybody s t a r t e d  th ink ing  i n  terms of volume. 

This  has continued today i n  t h e  compacts; everybody th inks  of volume 

reduc t ion  and t h e  economics a s soc ia t ed  wi th  volume. I f  you s tar t  

l i s t e n i n g  now, concerning new s i te  development, wi th  t h e  environmental  

groups,  and t h e  pub l i c ,  t h e r e  is  a new word cropping up, " cu r i e  o r  source  

reduction' '  o r  source  e l imina t ion .  

Today, t h e r e  are s e v e r a l  environmental  groups t h a t  are t ak ing  t h e  

stance, t h a t  (1) Class 8 and C waste should go t o  high-level  waste sites, 

no t  low-level waste sites, and (2 )  source o r  c u r i e  reduct ion ,  o r ,  more 

impor tan t ly ,  source  e l imina t ion ,  should a l s o  be looked at .  I n  5 t o  10 

yea r s  from now, our  major R&D e f f o r t  may be f i n d i n g  methods not t o  produce 

as much r a d i o a c t i v e  material. 

The second f a c t o r ,  i n  cons ider ing  governmental R&D e f f o r t s ,  i s  econom- 

ics. We now have 12 o r  13 compacts, depending on t h e  day of the  week, 

t h e  month, and t h e  person wi th  whom you are speaking. W e  con t inua l ly  ta lk  
about  t h e  volume  in^ those  compacts, but no one has done an i n t e r a c t i v e  

impact s tudy  i n  each compact. For example, i f  w e  estimate t h a t  t h e  dispo- 

sal p r i c e  i n  a c e r t a i n  compact is  $2020/m3 ( $ 6 0 / f t 3 )  because of h igher  

technology c o s t s ,  replacement c o s t s ,  pub l i c  r e l a t i o n s  c o s t s ,  etc., how 

much volume do you th ink  you w i l l  gene ra t e  a t  t h a t  new ca lcu la t ed  p r i ce?  

You then t ake  t h a t  volume of material, go back and r e f i n e  t h e  s tudy ,  

and f i n d  t h a t  now your cos t  i s  $5300/m3 ($150 / f t3 )  because of having less 

volume over  which t o  spread your c o s t  base. There e x i s t s  a continuous 

s p l r a l i n g  e f f e c t  of d i s p o s a l  p r i c e  and volume. W e  have not ye t  been a b l e  

t o  relate t o  our  p u b l i c  and our l e g i s l a t o r s  what our  f i n a l  c o s t  of dispo- 

sal w i l l  be i n  t h e  proposed 12 o r  13 compacts. 

It seems t o  m e  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 source  e l imina t ion  and a n a l y s i s  of d i s p o s a l  s i t e  economics. 
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1.5.4 ReKtaPkS Of k M I 1  CaaSe! ..- 
I a m  pleased t o  be on the panel  t h i s  morning and to present  some of 

our views that: w e  believe need some hs the r  m n s i d c r a t i o n .  1 would l i k e  

t o  t a l k  f o r  j u s t  a m o m e a t  on some of the activities that US Ecology is 

involved i n  o t h e r  then  the two shallow land d i s p o s a l  s i tes,  Beatty, 

Nevada, and Riehland, Washington. 

We are c u r r e n t l y  very involved in the design,  constrs.icE:i.crn, and hopr- 

f u l  ope ra t ion  of an i n c i n e r a t o r .  This i n c i n e r a t o r  i s  designed t o  h a n d l e  

DAW and SOLIE l i q u i d s .  We have app l i ed  f o r  a license to the s t a t e  of North 

Caro l ina  and, i f  S U C C ~ S S E U ~ ,  we believe this wiii.1. be t h e  first: commercial 

incinerator in the UrnFeed S t a t e s .  It ts not  a big un i t .  We would l i k e  t o  

cooperate wi th  DOE and o t h e r  agenctes and i n s t i t u e l o n s  as th i s  i n c i n e r a t o r  

i s  developed, so that the technology can be spread t o  stlaer i n t e r e s t e d  

par t ies .  We are very i n t e r e s t e d  i n  having DC)E work w l t h  us on this par--. 

t i c u l a r  p r o j e c t  . 
we also j . k l V o l V e d  i n  s i t e  aeveiopment. AS GEWY Bemia has ai~=eatay 

s a i d ,  we do no t  know exac t ly  wl.!.i.ch way we 8.ce going to go, as a company, 

w i t h  new s i t e s  because of t h e  u n c e r t a i n t y  of t h e  eornpacts and cornpact 

language. The. s i t u a t i o n  i s  very simplie.  There. is no s t a t e  that has coine 

f o r t h  other than, perhaps,  Pennsylvania,  and sa id ,  “We’re going to have a 

s i te .  ” Once t h i s  happens, then the companies such as Chew-Nuclear, 

US Ecalogy, and o t h e r s ,  w i l l  certafnly be very involved i n  s i t i n g .  We 

w i l l  need help  froon modeling f o r  the sites. 

hb. 

There are very few data,  o t h e r  thail the  suppor%Eve dabs t h a t  came out  

on t he  p reced ing  10 CFR Pt. 61. It seeins Bike t h e  da ta  are cut  of f  at. t h a t  

p o i n t  i n  t i m e .  I c e r t a i n l y  w%ll echo Gary Benda‘s concern about cos t ing  

i n  a p a r t i c u l a r  compact region. 

D u r i n g  1884, f o r  i n s t a n c e ,  the Southeast  region generated just a 

little over  Z ~ , O O O  m3 (1 mi l l i on  ft”; the ~0ck-y )fountain reg ion ,  i n  vz~..ch 

our  ~ e a t t y  s i t e  i s  I.ocated, generated 280 m3 (10,000 ft3); and the 

Northwest region generaated -3400 m3 (120,000 ft”. 

time, w e  take i n  -3400 m3 (120,000 ft : j)  a t  t h e  Iiichland site. 

Now, i n  one month’s 

So, l o g i c a l l y  the  cos ts  could be highex by a f a c t o r  of 10. I: bc l t eve  

t h i s  a f f e c t s  t h e  i n s t i t u t i o n a l  gene ra to r s  much more than i t  would a ut,il.- 

i t y .  The immediate i n c r e a s e  i n  the cos t  of d i s p o s a l  of waste Co a 
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medica l  f a c i l i t y  r e s u l t s  i n  immediate higher  pac ien t  cos t s ,  Tihis i s  

spread over a inore narrow base. That a f f e c t s  economics a s soc ia t ed  wi th  

t h e  existing scheme of compacts and could be very,  very severe,  e s p e c i a l l y  

-f.n t he  Rocky Mountain and Centra l  reg ions ,  which genera te  ~ , 2 0 0 0  rn3 

(71,000 f t 3 ) .  

under t he  present  scheme of compact layout .  

Much inore work needs t o  be done on t h e  economics of s i t i n g  

The b igges t  t h ing  t h a t  w e  need he lp  on today is t h e  i s s u e  of dual  

reg l l la t ion  between EVA and NRC, t h e  mixed-waste isstlea This  i s  going t o  

s u r f a c e  very s h o r t l y ,  It w i l l ,  again, a f f e c t  b a s i c a l l y  i n s t i t u t i o n a l  

generators. $ 

* .  

On November 8, 1985, US Ecology w i l l  no longer  accept  s c i n t i l l a t i o n  

f l u i d  i n  any form. Now, where does i t  go? Kegulated o r  deregula ted ,  i t  

does not matter. We, as a b u r i a l  s i t e  ope ra to r ,  cannot cooforin 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 ead ioac t ive  waste. W e  

cannot morally sub jec t  oiir employees t o  opening con ta ine r s  t o  verify w a s t e  

forms and the  chemical c o n s t i t u e n t s  thereof .  

1 am not s u r e  that  the re  i s  a radiochemistry l a b  i n  the 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 lso  involves  a retronianifest .  P t  

also involves  dual l i n i n g  i n  t renches.  We u rgen t ly  need a d e f i n i t i o n  o f  

mixed waste and who r egu la t e s  what. 

We f i rmly  believe. t h e  NRC is t h e  r egu la to ry  agency f o r  r ad ioac t ive  

waste, i n  whatever form. There are o t h e r  agencies  t h a t  d i sagree  with 

tha t .  

V i r g i l  A u t r y  touched on che la t e s .  Is t h a t  a mixed waste? What mixed 

waste forms do u t i l i t i e s  gene ra t e?  A r e  t he re  heavy metals 011 r e s ins?  Are 

t h e r e  heavy metals i n  o t h e r  waste streams? What w a s t e  forms are you 

gene ra t ing  t h a t  w L l l  p o t e n t i a l l y  come under mixed waste and re t roregula-  

t i o n s ?  We t h ink  i t  i s  a big i s s u e ,  and w e  u rgen t ly  reques t  DOE t o  consider  

t h i s  area. 
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1.5.5 Remarks by N .  P. Ki rner  
-II 

Thank you. I w l l l  s t a r t  o u t  g i v i n g  an  advertisemenr f u r  my sister 

agency i n  t h e  s t a t e  of Washington, t h e  Department of Ecology. It p r o v i d e s  

s t a f f  f o r  t h e  compact n e g o t i a t i o n  p r o c e s s  and heads up t h e  NorLhwest 

I n t e r s t a t e  Compact. The department r e c e n t l y  i s s u e d  a document on prom--  

d u r e s  f o r  c o n t a c t i n g  t h e  Northwest Compact. You might want t o  c o n t a c t  t h e  

Northwest Compact i f  yosi are i n t e r e s t e d  i n  e n s u r i n g  d i s p o s a l  capacdty 

a f t e r  January  1, 1986. The person t o  t a l k  t o  i s  E l a i n e  Carllin, and h e r  

phone number i s  (206) 459-6244, Z w i l l  t a k e  bus lness  c a r d s  o r  r e q u e s t s  

€o r  copies  of t h e  procedures  f o r  c o n t a c t i n g  the compactor, i f  you would 

l i k e  us  t o  send  one t o  you. 

1 would b r i e f l y  l i k e  t o  ampl i fy  some of t h e  remarks t h a t  V i r g i l  

Autry and Gary Benda inade r e g a r d i n g  volume redtiction. It i s  very  p o s s i b l e  

t h a t  w e  w i l l  s t i l l  r e c e i v e  t h e  sarae a c t i v i t y  of wastes, on ly  i n  a smaller 

package, once t h e  compacts are r a t i f i e d .  

In doing so,  t h e  s ta tes  may have done themselves  a d i s s e r v i c e  by 

i n c r e a s i n g  t h e i r  hazardous legacy ,  s i n c e  hazard  i s  g e n e r a l l y  p r o p o r t i o n a l  

t o  t h e  c o n c e n t r a t i o n  of t h e  waste, More s p e c i f i c  guidance i s  needed f o r  

was te  c l a s s i f i c a t i o n .  

I want t o  spend most of my t i m e ,  however, on t h e  i s s u e  of orphaned 

waste. C u r r e n t l y ,  t h e r e  are s e v e r a l  c a t e g o r i e s  of waste t h a t  have no 

home, which I c a l l  orphaned wastes. One of t h o s e  i s ,  i n  normal p a r l a n c e ,  

Class D waste, t h a t  i s ,  g r e a t e r  t h a n  C l a s s  C. It is  somewhere between 

high-level  waste ,  which i s  n o t  d e f i n e d  by EPA, and low-level waste.  

N e i t h e r  t h e  s t a t e  of Sout-h C a r o l i n a  nor t h e  s t a t e  a€ Washington w i l l  

r e c e i v e  g r e a t e r  t h a n  Class C waste wi t h o u t  a d d i t i o n a l  in format ion  

r e g a r d i n g  t h e  s a f e t y  o f  t h a t  classification f o r  sha l low land  b u r i a l .  

I a l s o  want t o  c a u t i o n  people  who may r u s h  o n t o  t h e  bandwagon of 

d e  minimis o r  below-n^~gulatary-concern (BRC) waste ,  Please he sure) there. 

i s  an a l t e r n a t e  p l a c e  t o  put  the w a s t e  once i t  has  been d e r e g u l a t e d ,  

L iquid  s c i n t i l l a t i o n  v-lals are a p e r f e c t  example of how a quick f i x  f e l l  

s h o r t .  There w a s  one a c t o r ,  t h e  NRC. There needed t o  be coord ina ted  

r e g u l a t o r y  a c t i o n s  by about about three a c t o r s ,  PJKC, EPA, and DOT. Three 

y e a r s  fo l lowing  NRC a c t i o n ,  DOT f i n a l l y  agreed that t h i s  s p e c i f i c  w a s t e  i s  

n o n r a d i o a c t i v e  f o r  t r a n s p o r t a t i o n  purposes. Mean&i.le EPA, for the most 
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part, has not embraced this waste stream as being allowable t o  its 

RCRA-regulated disposal sites. 

The same regulatory confusion could happen with some of the waste 

streams now being proposed for classification as BRC, such as slightly 

contaminated oils from nuclear power plants. 

I want to touch significantly on mixed waste, especially on the 

definition of what -is a mixed waste. This is an issue currently impacting 

both federal and commercial operations, Oak Ridge and the Hanford 

Reservation. Low-level radioactive waste facilities are falling under 

regulation from both RCRA agencies and Atomic Energy Act agencies. The 

low-level waste disposal operator in Washington has been notified to 

either subm€t a Part B application by November 8, 1985, or to submit a 

closure plan by November 8, 1985. A s  1 understand, the disposal site 
operator has chosen the closure plan. 

According to the definitions being considered among the federal agen- 

cies, mixed waste could encompass as much as 95% of the waste that is 

currently generated, or it could encompass as little as 3%. Some rudimen- 

tary studies have been done under contract to the NRC by Brookhaven 

National Laboratory. I believe more information is needed, especially 

from the small medical generators. 

The small generators, of which there are about ten times more than 

utility generators, do not have to appear to have the large economlc base 

to meet the more demanding regulations concerning mixed waste. 

How should one dispose of mixed waste? Is pretreatment necessary? 

Possibly incineration is the answer. The costs of incineration have not 

been borne out to be advantageous, but what is the cost of not being able 

to dispose of the waste at all? 

There was some discussion about making the Washington and South 

Carolina licenses identical. If this happens, there will probably be more 

orphaned waste. Chelating agents and volatile organic liquids fall into 

that category. I look, again, t o  incineration as perhaps a pretreatment 

alternative . 
Both 1nstItutiona.l and technical information and solutions are 

needed. By institutional, I mean regulatory and legal actions that are 

needed, Both institutional and technical sectors must work together to 



108 

s o l v e  t h e  problhius f a c i n g  LLRW d i s p o s a l .  It i s  .a chicken-a-ad-egg problem. 

You cannot  have t h e  t e c h n i c a l  so l -u t ion  wi thout  the i n s t i t u t i - o w l  s o l u t i o n  

o r  i n s t i t u t t o n a l  body having conf idence  i n  t h a t  t e c h n i c a l  s o l u t i o n .  I go 

back t o  my f a v o r i t e  acronym, and t h a t  i s  CORCOBS - "Cooperat ive,"  every- 

body working t o g e t h e r ,  "Open, '' no fa l se  o r  hidden a g e i d a s  > "Responsl.hl.e $ '' 

n e i t h e r  o v e r r e g u l a t  Con nor  under reg t i la t ion ,  "'C:omrnunieation On Both S i d e s .  -' 



1.5.6 Bemnrks by €5. 6. Kniazewycz 

The l a s t  t i m e  1 spoke on a DOE panel w a s  i n  1977, and t h a t  d e a l t  with 

low-level waste. A t  that: t i m e ,  I w a s  a major advocate of volume reduc- 

t i o n ,  irhe big-dollar i t e m s ,  t h e  $50 m i l l i o n  r e t r o f i t s .  Today, though, T 

t h i n k  w e  have a d i f f e r e n t  cha l lenge ,  and one t h a t ,  un fo r tuna te ly ,  i s  s o r t  

of a d e j a  vu. We have a new s e r i e s  of p l a n t s  coming on-line,  a new series 
of opera to r s ,  and the  same problems we had i n  the 70s. 

P l a n t  ope ra t ions  are not  optimized. The consciousness  level  of managc- 

ment, while  undoubtedly h igher  than before ,  is  s t i l l  not  at a l e v e l  where 

w e  can say  the  u n i t  ope ra t ions  i n  t h e  p l a n t s  are optimnlzed, t h e  source 

terms are mini.mi.zed, t h e  equipment rims w e l l ,  and w e  have g o t t e n  t h e  max.l.- 

mum ''hang-f or-the-buck" f o r  the money t h a t  has a l r eady  been spent .  

1 thLnk t h e  cha l lenge  t h a t  we f ace  r i g h t  now i s  i d e n t i f y i n g  those  

p l a n t s  t h a t  a r e  ope ra t ing  w e l l ,  those  p l a n t s  t h a t  do not release water,  

those p l a n t s  t h a t ,  i n s t e a d  of dispos ing  of 280 rn3/month (10,000 ft3/month) 

d i spose  of 10,000 f t 3 / y e a r ,  and tak ing  t h a t  ope ra t iona l  information and 

determining why they ope ra t e  the  way they opera te ,  b r ing  t h i s  experience 

t o  bear t o  t h e  whole indus t ry ,  a l lowing the  whole nuc lear  industry t o  

r eeva lua te  i t s  p r i o r i t i e s  and i t s  ope ra t ing  philosophy. 

I n  t h e  same vein,  though, we have seen a lot: of improvements. We 

have seen volume reduct ion  of DAW waste and have seen a l o t  of improve- 

ments i n  t h i s  a rea .  A s  a consu l t an t ,  I have seen t h i s  improvement i n  

numerous ope ra t ing  p l an t s .  I th ink  what w e  have seen ,  though, a t  t h e  same 

t i m e ,  i s  not t h e  same e f f o r t  on a more complicated problem, involving u n i t  

ope ra t ions  such as t h e  water s y s t e m s ,  the r e s i n  systems, t he  evapora tors ,  

ana t h e  f i l t e r s .  

W e  have a number of good examples out  t he re ,  but I th ink ,  wt th  c l o s e  

t o  100 p l a n t s  on l i n e  wi th in  the  next 5 years, you are going t o  see a 

s3tuation i n  which we have t o  g o  back t o  t h e  waste source ,  and I th ink  

t h a t  i s  t h e  key i t e m .  

At t h e  same t i m e ,  T w i l l  say t h a t  DOE has sponsored some research.  

Our own company has received a g ran t  t o  eva lua te  and develop means o f  

r ecyc l ing  b o r i c  a c i d  i n  a power p l a n t ,  c leaning  i t  up t o  such a s t a t e  t h a t  

xu? can reuse  i t  i n s t e a d  of disposfng of i t  as a s o l i d i f i e d  waste. 
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I think we need t o  look at a l o t  of the  experience in Japan and some 

of the other  arras, reexamine the effecttveness of the unit operations 

that. exist today, and reevaluate why some organizations ( p l a n t s )  can 

operate very well, whether it be a comblnation of personnel training, 

organizatlonal direction, better procedures, o r  bet ter  people, and really 

take that into consideration. 

I think i€ research is being looked at, we should look at the waste 

source. I think that it is obvious that, at t h e  t a i l  end o f  t h e  plant, a 

lot o f  effort is being done. A lot of the comments here identify more 

areas f o r  R&D. But I think we are doing ourselves a major disservice 

without bringing the 80 p l a n t s  on-line now up to their opt-linal operations 
and gaining the volume reduction at thac end. 
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1..5.7 Remarks of F. L. Parker  

I: had intended t o  t a l k  about needed r e sea rch ,  based upon my 

exper lence  i n  r a d i o a c t i v e  waste management. However, I learned  only t h i s  
morning t h a t  t h e  problem became cr i t ical  only i n  1977, and SO t h e  

knowledge t h a t  I gained i n  t h e  p r i o r  25 yea r s ,  I guess ,  is  no t  par- 

t i c u l a r l y  appl icable .  

Therefore ,  I w i l l  t a l k  about d e t a i l e d ,  s p e c i f i c  work t h a t  I and my 

s t u d e n t s  are involved i n  a t  t h e  present  t i m e .  1 do t h i s  consciously,  

because t h e r e  are exce rp t s  i n  your packets  of t h r e e  e x c e l l e n t  publica- 

tions t h a t  have good l ists  of work under way and r e sea rch  needed. The 

t h r e e  are: A S t a t e  of t h e  ,4rt Report on Low-Level Radioact ive Waste 

Treatment (ORNL/TM-7427 by Herschel  Godhee and Arlene Kibbey); The b w -  

Level Radioact-tve Waste Treatment Technology Manual, DOEILLW-13TC; and 

The DOE Hazardous Chemical. Defense Management Program Technology Review 

Report: Curren t ly  Avai lab le  Technoiogy, DOEIHWP-4. 

I want t o  acknowledge t h e  a s s i s t a n c e  t h a t  t h e  DOE has  provided us i n  

a p i l o t  i n t e r n s h i p  program on decontamination and decommissioning a t  

Vanderbilt Univers i ty .  We have f i v e  s tuden t s  on summer work assignments 

a t  the  present: t i m e ,  two a t  t h e  Savannah River P l a n t ,  two at Bechtel  

Nat iona l ,  and one a t  Westinghouse Hittman. P a r e n t h e t i c a l l y ,  1 might s a y ,  

if you have any b r i g h t  s tuden t s  who are i n t e r e s t e d  i n  a master's degree i n  

t h i s  area, ge t  i n  touch wi th  me .  

I n  add i t ion ,  i f  you would l i k e  t o  sponsor one of our s t u d e n t s  during 

t h e i r  i n t e r n s h i p  next  summer, a l s o  le t  m e  know, and i f  you are i n t e r e s t e d  

i n  t h e  program, i n  genera l ,  we have a colloquium on t h e i r  experiences t h i s  

p a s t  year ,  t h e  f i r s t  year  of t h e  program, September 19 a t  our un ive r s i ty .  

Some of t h e  th ings  I have t o  say w e  have heard a l r eady ,  but  I w i l l  

r epea t  them. It is  obvious t o  everyone a t t e n d i n g  t h i s  meeting t h a t  low- 

l e v e l  waste i s  def ined  by 10 CFR 61 and high-level  w a s t e  by t h e  Nuclear 

Waste Policy A c t ,  wi th  a l a r g e  gap of u n c e r t a i n t y  about what t o  do about 

t h e  wastes between Class C waste and high-level  waste. 

There have been a number of comparisons made between the requirements 

of 10 CFR 61 and t h e  RCRA f o r  land d isposa l .  However, similar comparisons 

between 10 CFR 61 and 40 CFR 191 - I can say t h a t ,  s i n c e  i t  was j u s t  

i s sued  - h a v e  not  been made. 
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I have s u g g e s t e d ,  soinswhat f a c e t i o u s l y ,  belt: maybe mzt  t o t a l l y  s o ,  t h a t  

€ i rs  I: raf f i n a t e  wastes from r e p r o c e s s i n g  p l a n t s  from which most of the 

long- l ived  n u c l i d e s  have been removed, should be cJ_assEfletl as an RCm. 

r a t h e r  t h a n  a h i g h - l e v e l  w a s t e ,  s o  t h a t  t h e  waste can be s t a b i l i z e d  neat- 

the ground s u r f a c e ,  r a t h e r  than  be ing  pu t  i n t o  deep-mined geologica l  

r e p o s € t o r i e s *  

These problems, about  which I a m  on ly  p a r t t a l l y  joking,  r e f l e c t  the 

d i f f i c u l t i e s  i n h e r e n t  i n  t h i s  t ype  of c l . ass I . f iea t%~r~.  I t  would be rnuch 

b e t t e r ,  i n  my view, arid t h e  NCRP has echoed t h i s ,  or v i c e  versa, i f  t h e  

d e t e r m l n a t i o n  of method of was te  d i s p o s a l  were r i s k  based. However, th1.s 

approach would requi re  much more i n f o r m a t i o n  about  the  r e t e n t i o n  of 

r a d i o a x t i v e  materials i n  t h e i r  s o l i d i f i e d  forms, t h e i r  movement through 

the environment,  and t h e i r  s p e c i a t i o n .  . 

T h i s  p r o p o s a l  shou1.d also allow v a r i a n c e s  by which certaPi? c a t e g o r i e s  

of waste could a r b i t r a r i l y  be c l a s s i f i e d  i n  t h e  same way as 10 CFR 6 1  does 

now. To do t h e  r isk-based a n a l y s i s  t h e n ,  t h e  re ta rda tLon of impostlant 

r a d i o n u c l i d e s ,  combined w i t h  t h e  n o n r a d i o a c t i v e  materials, i n  the v a r i o u s  

rocks s o l 1  t y p e s  xaou1.d need t o  be determined* 

One of our  b i g  problems r i g h t  now, wMch has a l r e a d y  heen inentioned 

ear l ier ,  i s  t h e  lack o f  abllity t o  q u i c k l y  and in.expensive1.y c h a r a c t c r l z e  

wastes both f o r  t h e i r  r a d i o a c t i v e  c o n t e n t  and haza rdous  chemical  c o n t e n t .  

Thhis lack i s  i n h i b i t i n g  t h e  c l eanup  and d i s p o s a l  of wastes a t  t h e s e  

siteso 

Part i - c u l a r l y  t roublesome i s  t h e  l a c k  of a s c r e e n i n g  methodology for 

chemical wastes. The method s h o u l d  he simpler t h a n  t e s t i n g  f o r  e v e r y  

p r i o r i t y  p o l l u t a n t ,  which i s  r e q u i r e d  now. A t  a p a r t i c u l a r  s l t e  t h a t  i s  

b e i n g  tlecoinrnissionc?.d, of which I am famil iar ,  there  i s  an enormous volume 

of  c o n s t r u c t i o n  material t h a t  w i l l  now go t o  a l i c e n s e d  bnrcPa?. ground 

s imply because t h e r e  i s  no r a p i d  method of s e p a r a t i n g  t h e  r a d i o a c t i v e  from 

n o n r a d i o a c t i v e  materlals - h a l f  O F  i t  i s  j u s t  c o n s t r u c t i o n  material, which 

cou ld  e a s i l y  be d i sposed  of i n  a mun ic ipa l  waste f a c t l i t y .  

For l i q u i d  wastes, even i f  t h e  hazardous chemical  wastes w e r e  idem- 

t i f i e d ,  t h e i r  separa t€on  t o  a hj.gh degree  from r a d i o a c t f v e  waste i s  

r e q u i r e d  t o  avoid hav ing  them classified as mlxed wastes. 
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Now t u r n i n g  t o  some work t h a t  w e  are doing, in decontamlnatkm and 
decotMtissfoning of n u c l e a r  f a c i l i t i e s ,  we f i n d  t h a t  c o n c r e t e  f r e q u e n t l y  

needs t o  be decontaminated. Host of t h e  methods i n  u s e  today are brute- 
f o r c e  methods, such  as h y d r o b l a s t i n g  and s c a b b l e r s .  Both are d i f f i c u l t  t o  

accomplish and s p r e a d  p o l l u t e d  material about.  They may even cause  

f u r t h e r  p e n e t r a t i o n  of t h e  contaminants  i n t o  t h e  concre te .  

It would be u s e f u l  t o  have a chemical  method t h a t  would be s p e c i f i c  

f o r ,  say ,  cesium and s t r o n t i u m  and would n o t  take o t h e r  e lements  i n t o  

s o l u t i o n .  W e  are s e a r c h i n g  f o r  such chemical methods. 

Now, I want t o  l i s t  t h e  work t h a t  t h e  i n t e r n s  are doing  t h i s  summer, 

j u s t  t o  g i v e  you an i d e a  of t h e  k i n d  o f  r e s e a r c h  t h a t  i s  going  on. One 

o f  my s t u d e n t s  a t  t h e  Savannah River P l a n t  is w r i t i n g  R s m a r t  computer 

program us ing  a r t i f i c i a l  i n t e l l i g e n c e  t o  o p e r a t e  a plutonium i n c i n e r a t o r .  

Another one of my s t u d e n t s ,  also a t  t h e  Savannah R i v e r  P l a n t ,  i s  looking  

ah: s i m p l e  and saEe methods of capping ptping as i t  i s  c u t ,  so t h a t  it pre-  

ven t s  t h e  s c a t t e r i n g  of contaminat ion ,  The same s t u d e n t s  are t r y i n g  t o  

de te rmine  t h e  e f f e c t s  of such v a r i a b l e s  as tempera ture ,  p r e s s u r e ,  and 

volume on t h e  e f f ic - tency  of h y d r o b l a s t i n g .  

Another one of my s t u d e n t s ,  a t  Westinghouse Wittman, i s  looking  a t  

the i1 i jec t ion  of g r o u t  i n t o  a n  e x i s t i n g  burLal ground tro see if i t  can 

s t a b i l i z e  t h e  c o n t e n t s .  They are t r y i n g  d i f f e r e n t  g r o u t  f o r m u l a t i o n s ,  I n  

a d d i t i o n ,  s h e  is h e l p i n g  t o  d e s i g n  t h e  advanced d i s p o s a l  dernonstratioii  

facFPEty f o r  t h a t  s i t e .  

One of t h e  s t u d e n t s  a t  Rechtel. N a t i o n a l  i s  looking  a t  t h e  removal of 

o i l  and t h e  breakup of e m u l s i f i e d  o i l s  from mixed waste, SO t h a t  they  can 

then  c l a s s i f y  t h e  remainder as r a d i o a c t i v e  waste, and t h e y  can bury it. 

Another s t u d e n t  a t  B e c h t e l  is s e a r c h i n g  f o r  quick  chemical  s e g r e g a t i o n  

methods f o r  t h e s e  mixed wastes and Its a l s o  tes tdng t h e  f i e l d  etfec- 

tlveness of v a r i o u s  a l p h a  moni tor ing  techniques ,  
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1.5.8 Remarks of L. J. Riales 
---m ______ 

TVA has f i v e  nuc lear  u n i t s  in commercial ope ra t ion ,  one await ing a 

l i c e n s e ,  and t h r e e  a d d i t i o n a l  u n i t s  under cons t ruc t ion .  The t h r e e  u n i t s  

a t  Browns Fer ry  produce -3300 m3 (116,000 f t 3 )  of low-level  radwaste p e r  

year .  

per  year .  The f i r s t  of our Watts Bar u n i t s  should also start  up next year  

w i th  t h e  second u n i t  s t a r t i n g  up i n  1987. We c u r r e n t l y  s h i p  about two- 

t h i r d s  of our waste t o  Richland, Washington, wfth the other one-third 

going t o  Barnwell, South Carol ina.  

The two u n i t s  a t  Seqiioyalm produce a t o t a l  of 820 m3 (29,000 €t3) 

We have been c a r e f u l l y  fol lowing t h e  new congress iona l  1egis l .a t Ion 

and i t s  effect :  on TVA. House Resolut ion 1083 w i l l  have the  foll.owing 

e f f e c t s  on TVA p l a n t s :  

1. 

2. 

3 .  

4. 

5. 

A l l  shipments t o  Richland, Washington, w i l l  have t o  be d iscont inued ,  

wi th  TVA using Chem-Nuclear's Barnwel 1. f a c i l i t y  exc lus ive ly .  

TVA p l a n t s  w i l l  have new a l l o c a t i o n s  based on p l a n t  type and 

l i c e n s e  date .  

Browns Ferry's cur ren t  waste genera t ion  r a t e  exceeds i t s  a l loca -  

t i o n  i n  t h e  1986-1989 t i m e  per iod by 28% and by 35% i n  t h e  fol lowing 

3 years .  

Sequoyah's cu r ren t  waste genera t ion  rats exceeds i t s  1986-1989 

a l l o c a t i o n  by 14% and i t s  a l l o c a t i o n  f o r  the fol lowing 3 years 

by 22%. 

Watts Bar exceeds i t s  a l l o c a t i o n  by an average of 15%. 

In order  t o  ensure t h a t  TVA radwaste d i s p o s a l  ope ra t ions  are not 

adverse ly  a f f e c t e d ,  w e  have looked a t  a v a r i e t y  of process ing  and s to rage  

opt ions .  It is obvious t h a t  massive volume reduct ion  is  requ i r ed  and 

t h a t  t h e  p lace  t o  s tar t  i s  a t  t he  o r i g i n  of the  waste, Increased employee 

educa t ion ,  recyc le ,  and waste seg rega t ion  are being used t o  s t o p  unnee- 

c s s a r y  waste genera t ion  a t  t h e  source.  

A t  Sequoyah, we are working through EPK% t o  develop a l i c e n s i n g  sub- 

m i t t a l  f o r  NRC t h a t  would al low us t o  take  all trash wi th  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 .  

and w i l l  hopefu l ly  go t o  NRC by next month. 
The submi t t a l  i s  coiriplete 

W e  a r e  a l s o  cons ider ing  equipment add i t ions  a t  each p l an t  s i t e  t o  

A shredderlbox compactor has  been purchased for reduce t r a s h  volumes. 
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Browns Ferry, and one has also been purchased for Sequoyah, to be 

installed in a new DAW processing building, 

purchased for Watts Bar. 

Similar equipment may also be 

After a successful demonstration of the Westinghouse Hittman mobile 
supetcompactor at Browns Ferry, we have sent out a request for quotes f o r  

a similar system to compact drums of trash. We are also considering other 

mobile services to reduce our trash volume. We have been approached by 

regional volume-reduction facilities that use supercompaction and incin- 

eration to reduce waste volumes. 

In the remaining months of 1985, the plants are trying to get rid of 

as much backlogged waste as possible, i n c l u p n g  some material in the spent 
fuel pools that may be difficult to get rid of later. 

Both Browns Ferry and Sequoyah have above-ground concrete storage 

modules that are l i c e n s e d  for up to 5 years of storage. With currently 

built modules, Browns Ferry can store  almost 1 year of generation, and 

Sequoyah can store about a ?)-year production of waste. Because of the 
difficulty of using these modules, TVA plants are considering the purchase 

of on-site storage containers for waste storage. These steel and concrete 

containers can be used to hold liners, drums, and boxes and may be 

licensed for 5-year storage under 10 CFR 50.59. Their low cost, availa- 

bility, and simplicity make them more attractive than additional concrete 

modules. 

Another RhD program currently underway at TVA is the design, fabrica- 

tlon, and testing of our own HIC. Our design comes in three sizes to fit 

TVA casks. We currently have a request for quotes out f o r  the fabrication 
and testing of prototype containers. Production of these containers will 

depend upon the results of the prototype tests and a determination of 

cost-effectiveness versus vendor-supplied HLCs. 
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1.6 GENERAL DISCUSSION (SESSION 1) 

DR. CWLESWORTH: Thank you very much, Lenon. Now is t h e  time t o  

put  t h e  rest of you t o  work. 

i d e n t i f y i n g  K&D needs,  but our i n s t r u c t i o n s  are t o  cons ider  not  only 

t r ea tmen t ,  but d i sposa l ,  t h e  e f f e c t s  of compacts, and de minimis criteria,  

and I am s u r e  o t h e r  r e l a t e d  t o p i c s  are equa l ly  appropr i a t ea  

I w i l l  remind you t h a t  we are a - ldng  f o r  

MR. KOPLIK: Chuck Koplik, TASC. J u s t  a comment, not addressed t o  

anyone i n  p a r t i c u l a r ,  concerning t h e  e f f e c t  of volume reduct ion  on t h e  

economics o f  t h e  compact si te.  

I commented t h i s  morning, but  maybe should add a more on t h e  s tudy  we 
d i d  f a r  Houston Power and Light. We evalua ted  the proposed Texas closed 

s i t e  and i t s  e f f e c t s  on Houston Power and Light  i f  it g r e a t l y  increased  

i t s  waste volume reduct ion.  This increased  volume reductiocn would ecanom- 

i c a l l y  a f f e c t  o t h e r  users, t he  major efEect  being t h a t  c o s t s  could well. 

go up, q u i t e  s i zab ly .  In p a r t i c u l a r ,  t h e  medical community, and poss ib ly  

o t h e r  r e a c t o r s  as w e l l ,  would be a f f ec t ed .  

The o t h e r  suppor t ive  comment 1 wanted t o  make was i n  r e l a t i o n  t o  t h e  

d i scuss ions  of mixed waste. We have Looked a t  t h a t  i s s u e  b r i e f l y  f o r  t h e  

s ta te  of Massachusetts by doing a survey of a1.l t he  sources  of LLKW pro- 

duced i n  Massachusetts.  The real focus on t h e  problem i n  Massachusetts,  

i n  terms of mixed waste ,  w a s  i n  t h e  medical community and on i t s  genera- 

tEon of to luenes .  There was very LLttle problem as f a r  as nuc lear  p l a n t s  

were concerned. So, IC just o f f e r  those comments I n  r e l a t i o n  t o  t h e  th ings  

people were t a l k i n g  about t h i s  morning. 

DR. CHARLESWORTH: Thank you. A r e  t h e r e  c o m e n t s  from people on t h e  

pane l?  

DR. ROXERS: I would l i k e  t o  j u s t  expand on t h a t  a l i t t l e  b i t ,  

because i t  t ies  i n  with  what w a s  s a i d  by Chuck Koplik.  We have d iscussed  

t h e  €act t h a t  t h e  c o s t  is going t o  inc rease ,  which a number of people have 

f e l t  w a s  a d e f i n i t e  p o s s i b i l i t y .  Can w e  look a t  why i t  inc reases ,  i n s t e a d  

of j u s t  assuming t h a t  i t  is  going t o  inc rease?  'Why w i l l  it i nc rease?  

What are t h e  causes? 1 s  it  necessary t h a t  It a c t u a l l y  inc rease ,  o r  is 

t h e r e  some way t h a t  w e  can ge t  around i t ?  I suppose t h a t  A r v i l  Crase and 

Gary Benda have some good reasons as t o  why i t  i s  going t o  increase .  I 

t h i n k  a l l  of us  would l i k e  t o  f i n d  some ways around those  reasons, so 
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l e t ' s  see if w e  can get a t  t h e  underlying f a c t o r s  and e l u c i d a t e  them a 

l i t t l e  b i t .  

MR. BENDA: L e t ' s  look more s p e c i f i c a l l y  a t  a d i s p o s a l  s i t e  and 

e s p e c i a l l y  f o r  new sites i n  a smaller region,  The major cost  i s  f ixed ;  i t  

i s  not  a v a r i a b l e  dependent on t h e  volume. No matter how mach volume may 

go t o  t h a t  s i t e ,  you s t i l l  have a l a r g e  f i x e d  cos t .  This r e a l l y  impacts 

states wi th  s m a l l  volumes of waste. In a " s m a l l "  s ta te  l i k e  Texas, whLeh 

now has -3400 m3 (120,000 f t 3 > ,  which is  volume reduced t o  2000 m3 

(70,000 f t3 ) e t h e  v a r i a b l e  c o s t s  change s l i g h t l y  

f o r  environmental  monitoring, f o r  r egu la to ry  i n t e r f a c e ,  f o r  t m c k  

unloading,  which w i l l  s t i l l  be coming i n  once a week, does not d r a s t i c -  

a l l y  reduce, Therefore ,  you still  have those  l a r g e  operattonal and devel- 

opment fixed c o s t s  and a very high d i s p o s a l  p r i c e .  

but  t h e  personnel  needed 

DR. RQDGERS: You have f i x e d  c o s t s ,  but you can put  more material i n  

t h e  same space i f  it is concentrated.  I n  o t h e r  words, the l i f e  of t h e  

s i t e  will be longer  if you have a smaller volume coming i n ,  and your f i x e d  

c o s t s  w911 be spread out  over a longer  per iod of t i m e ,  

MR. BENIDA: Except t h a t  i n  my Texas example, and i n  a l o t  of other" 

compacts, they are saying  t h a t  their s i t e  w i l l  only las t  20 yea r s  because 

of p o l i t i c a l  and p u b l i c  r e l a t i o n s  reasons.  

DR. RODGERS: Regardless of how much you put i n t o  It? 

MR. BENIDA: Regardless of bow much you put  i n t o  i t ,  a 20-year maxtmum 

l i f e t i m e  is predic ted .  

DR. RODGERS: Is t h a t  going t o  be necessary every t i m e  w e  have a 

s i t e ?  

MU. BENaA: Well, it. i s  a p o l i t i c a l  factor. It is happening i n  every 

compact d i scussed  r i g h t  now; even C a l i f o r n i a  put  a 20-year l i f e t i m e  on i t s  

s i te .  

DB. RODGERS: What €f you have smaller s i tes ,  then? 

HR. BENXIA: No, it i s  not.  Besides ,  when you buy land ,  you usua l ly  

have t o  buy large s e c t i o n s  of i t  a t  a t i m e  for  a l a r g e  o r  small site. 

Even i f  you are given t h e  chance t o  buy i t  by a w i l l i n g  seller, no one i s  

going t o  s e l l  you j u s t  40 acres. 
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DR, RODGERS: W i l l  you have t o  go t o  d i f f e r e n t  d i sposa l  techniques i n  

W i l l  such a d i sposa l  o rde r  t o  account f o r  t h e  increased  r a d i o a c t i v i t y ?  

technique inc rease  t h e  cos t  of t he  opera t ion?  

DR, CRASE: L e t  m e  answer t h a t .  It is US Ecology's opinion t h a t  

shallow-land b u r i a l  t h a t  we conduct i n  Nevada and Washington w i l l  not be 

p u b l t c l y  acceptable .  There w i l l  have t o  be some enhanced engineer ing of 

c u r r e n t  technology i n  o rde r  t o  make it pub l i c ly  acceptab le ,  and yes ,  t h a t  

w i l l  i nc rease  t h e  cos t .  For in s t ance ,  t h e  var ious  types of entombments 

(whi le  w e  c e r t a i n l y  do no t  be l i eve  i t  t o  be necessary i n  an a r i d  reg ion)  

w i l l  probably be requi red  by t he  pub l i c  and, t h e r e f o r e ,  w i l l  i nc rease  t h e  

c o s t  of d i sposa l .  

DR. RODGERS: Won't t h a t  be requi red  r ega rd le s s  of t h e  volume 

reduct ion?  

DR. C U E :  No, sir ,  I do not  be l i eve  so. One of t h e  o t h e r  th ings  

t h a t  raises c o s t s  i s  t h a t  we have not  formally agreed ( f o r  t h e  Beat ty ,  

Nevada s i te )  as t o  what should be t h e  amount of t h e  pe rpe tua l  care and 

maintenance fund, how many mi l l i ons  of d o l l a r s  should i t  be? 

We can say i n  t h e  state of Washington t h a t  i t  is something l i k e  

$8-9 mi l l ion .  It may be i n  t h a t  range o r  considerably less a t  t h e  Nevada 

f a c i l i t y .  So, i f  t h a t  s i t e  has a d e f i n i t i v e  l i f e  placed on it  by t h e  

compact region,  and i f  US Ecology must have i n  p l ace  $20 m i l l i o n  f o r  
c losu re ,  which comes i n  a t  280 m3 (10,000 f t 3 )  a year ,  simple economics 

t e l l s  you t h a t  b u r i a l  cos t  is  going t o  be astronomical.  

What, then,  does t h i s  do t o  those  f a c i l i t i e s  (e.g., D r .  Post  a t  The 

Univers i ty  of Arizona) which use t h a t  s i t e ?  What i s  t h e  cos t  going t o  be 

t o  t h a t  i n s t i t u t i o n ?  They are going t o  do every th ing  poss ib l e  t o  genera te  

as l i t t l e  waste as poss ib le .  Then t h e  c o s t  goes f u r t h e r .  This is  an 

ope ra t ing  s i t e ,  t h a t  is ,  a cu r ren t  ope ra t ing  si te.  What w i l l  t h e  

s i t u a t i o n  be f o r  the  new sites t h a t  come along? That is  where the  work 

r e a l l y  needs t o  be done. 

DR. CHARLESWORTE: Any o the r  comments from panel  members? 

DR. BUELT: J i m  Buelt  from Battelle,  PNL. Nancy, I hear  you, Gary, 

and o t h e r s  on t h e  panel  deemphasize volume reduct ion ,  b a s i c a l l y  from t h e  

s t andpo in t  t h a t  t h e  same a c t i v i t y  i n  a smaller package is not an improve- 

ment i n  waste i s o l a t i o n .  Do you cons ider  t h e  improvement of t h e  waste 
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form, coupled with t h e  volume-reduction process  a s i g n i f i c a n t  i n c e n t i v e  

f o r  volume-reduccion processes? 

MS. KlIWER: L e t  me go hack. I th ink  1 w 2 s  rdsundersC.ood i f  tha t  I s  

t h e  t h r u s t  t h a t  you got Erom t h a t  s ta tement .  I s a i d  t h a t ,  g e n e r a l l y ,  t h e  

hazard l eve l  iwr'eases as t h e  concent ra t ion  lni3reases, and i f  that. I s  t h e  

case, i f  the hazard inc reases ,  according to 10 CFR 61, a6 soon as you 

exceed the Glass A concent ra t ion  l i m i t s ,  then you do have t o  start  deallrig 

w4. ~h w a s  te-f or ms s tabk  l i t y  requirements. 

It would a l s o  e x t r a p o l a t e  back, going down the  scale ,  t h a t  I f  802 of 

your waste  was, say, ha l f  sf t h e  Class A limit, and 20Z was over ,  then 

people s t a r t e d  volume reducing and you f i ip - I iopped  (a very simple 

scena r io  h e r e ) ,  you j u s t  f l ip - f lopped  the propor t ion  of Ciass A to higher 

h a l f  V ~ P ' S U R  lower h a l f ,  you now g e t  80% i n  the h igher  half of t h e  e l a s s  as 

opposed t o  202 in the  lower half, I think your s i t e  has a greater poten- 

t i a l  f o r  hazard. 

DR 0 A: L e t  me c l a r i f y  my previous xmments on volume reduct ion.  

From my perspec t ive ,  I support  volume redtaction a l l  tlae way, but f o r  s m a l l  

are  aeveioped and irhe o the r  after  site de~hiopment,  on tile second 

eompacts?, we should be loolcLng at two scena r ios ,  one beEore the  new sites 

scena r io ,  a f t e r  the s i t e  i s  developed, and you are in a s a ~ l l  reg ion ,  you 

need t o  assess t h e  volume-reduction impact of all the ~l?*a4*ratOrs i n  that 

compact. 

Like the 'bxas scenario, i t  nag be better f o r  Houston Light  and Power 

and Texas u t i l i t i e s  t o  each pay 4035 of the s i t e ,  ne) matker what voluxne- 

r edac t ion  method they want t o  use,  because eventually, through a l l  types nf 

p r i c e  increase and volume r e c a l c u l a t i o n ,  they w i l l  be paying f o r  t h a t  sEte 

anyway. 

My second c l a r i f i c a t i o n  on volume reduct ion  foeuses ~mre  on c u r i e  

reduct ion.  Curie  reduct ion ,  o r  source elbraination, i s  Che new envisonmen- 

tal movement. Much of the pub l i c  bs asking  the i ndus t ry  why waste is 

generated i n  the f i r s t  place.  
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DB. GOULD: A1 Gould with Flortda Power and Light Company. T Just 

have a comment, not directed at anybody in particular. I think, in many 

ways, by focusing on volume we have created a more significant dilemma for 
the country, and certain volume-reduction or waste-minim2zation practices 

are very viable and should be accomplished, some are not  so vtable, and 

some may even be detrimental i n  other areas. 

One way to reduce volumes is to cut out the demineralizer and elimi- 

nate it as a source of waste, What will result though, are higher  

radiation levels in the power plants and higher concentrations in the 

effluent. So, we should be thinking about the kinds of volume reduction 

that we are attempting to do, 

But the real comment I wanted to make relates to a recent trip to 

Germany during which 1 visited a nuclear power plant, the Nekarwestheim 

Power Plant. In West Germany there is no shallow-land burial and no low- 

level waste. disposal at all - all their material i s  stored on site. They 

ship to a regional nuclear research center, where it i s  volume reduced 

either by Compaction, incineration, or an appropriate process. It is then 

packaged, most often solidifted, and returned to them. 

I would like to suggest that volume reduction on an individual util- 

i t y  basis I s  not the way we should be looking at this. We should be 

looking at volume-reduction centers similarly, except rather than 

returning the waste t o  the utilities for storage, or to the generators, ft 

should go into the ground from the centers. 

X further subdt that these regional centers ought to be coupled t o  

the burial sites. Some of the states may not agree with me, but that 

would give them total control, a total waste-management center, and they 

would not have to be concerned about increasing classification from C to 

above C, or from B to C, or from A to B, if it were not necessary. As 

everything came in, it would be volume reduced, as appropriate for the 

waste form and type, and then placed in the ground out the back door. 

PIS. KIRNER: I have a comment on that. I would only  like to add that 

we did consider the application of one volume-reduction supercompactor 

adjacent to the state of Washington's existing LLRW disposal site from an 

o v e r a l l  waste-management scheme. We were looking at the reasonableness of 

having the volume-reduction center 3000 miles away from where most of the 

waste I s  generated. So, you have to also put your disposal center in that 
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r e g i o n a l  area. Please do not  t h ink  i n  terms of t h e  West w i l l  t ake  i t  and 

t h e  East cont inues t o  produce it .  

DR. WULD: No, but  w i th in  t h e  framework of t h e  compacts, we are 

t a l k i n g  about f i v e  o r  seven si tes now, so we. are t a l k f n g  about reasonable 

t r a n s p o r t a t i o n  i s sues .  

DR. KOHOUT: I a m  Radovan Kohout from Ontar io  Hydro. 1 would l i k e  t o  

expand a l i t t l e  b i t  more on the  volume-reduetian issue, al though I may be 

repe i l t lng  what has been s a i d  a l ready  here.  If you take  a look from t h e  

viewpoint of t h e  people who run t h e  d i s p o s a l  s i tes ,  i t  i s  a s i m p l i s t i c  

approach. The dilemma, should we recommend volume reduc t ion  o r  should we 

n o t ,  does it  mean an economic sav ings  f o r  t h e  u t i l i t y  o r  does i t  not?  

But from t h e  viewpoint of t h e  producers of t h e  waste,  we a l l  know 

t h a t  some s o r t  of t reatment  of waste is necessary.  But we are t r e a t t n g  

t h e  waste, f i r s t  of a l l ,  far a number of reasons,  one of them being t h a t  

w e  a r e  convert ing t h e  waste i n t o  a more s t a b l e  form, perhaps i n t o  t h e  form 

t h a t  is more compatible wi th  t h e  c r i t e r i a  of t h e  d i s p o s a l  s i t e ,  

Unfor tuna te ly ,  we do not  know the  c r i t e r i a  of f u t u r e  d i s p o s a l  sites. But 

w e  do know t h a t  w e  have t o  t reat  t h e  waste, t o  convert  i t  into something. 

I f  we can volume reduce i t  a t  t h e  same t i m e ,  t h a t  Is f i n e ,  

A t  t h i s  workshop w e  are t r y i n g  t o  focus on o u t l i n i n g  t h e  R&D needs 

f o r  a low-level waste t reatment  and, on t h e  o t h e r  hand, we are ask ing  i f  

w e  r e a l l y  need volume reduct ion .  I would sugges t  t h a t ,  f o r  t h e  practical  

sake  of t h i s  workshop, we agree  t h a t  volume reductjion needs t o  be f u r t h e r  

developed, a long wi th  the  t reatment  method. We should then schedule  

ano the r  workshop a f t e r  w e  hear  from t h e  d i s p o s a l  s i tes  what t h e  c r i t e r i a  

and, i f  poss ib l e ,  t h e  c o s t s  are for disposa l .  Do we have land b u r i a l ?  

Most l i k e l y  not.  We w i l l  have some s o r t  of engineered s t r u c t u r e s .  

We may have t o  have engineered con ta tne r s  t h a t  g o  i n t o  the  ground and 

may poss ib ly  be r e t r l e v a b l e ,  and then w e  may s tar t  t o  worry about vol- 

umes. I a m  from Canada, and we have p rac t i ced  on-s i te  s t o r a g e  s ince  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  s to rage ,  o r  r e e r i e v a b l e  d i sposa l ,  yon start: t o  worry 

about  volume. WE have developed about t h e  flEth generathon of s t o r a g e  

s t r u c t u r e s ,  engineered s t o r a g e  s t r u c t u r e s ,  which are very Inexpensive,  
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y e t  w e  s t i l l  f e e l  t h a t  volume reduct ion  is  a very important segment i n  our  

waste management. 

DR. CHARLESWORTH: A r e  t h e r e  any comments, e s p e c i a l l y  on s to rage  

versus  d i sposa l?  

DR. CRASE: I would l i k e  t o  comment on t h a t .  It is  unce r t a in  t o  

US Ecology as t o  what waste form w i l l  be acceptab le  i n  cer ta in  compact 

reg ions  o r  t h e  sFte t h a t  would be i n  t h a t  region. For in s t ance ,  i n  a very 

humid a r e a ,  such as New England, what is t h e  waste form t h a t  w i l l  be 

r equ i r ed  of t h e  opera tor  on t h e  s i te ,  and what are t h e  condi t ions? What 

w i l l  t h e  l i c e n s e  say  is  an  acceptab le  waste form? 

I would be very caut ious ,  if I w e r e  a u t i l i t y ,  i n  prepar ing  waste in 

any f ixed  mat r ix  for  s to rage  and aiming i t  for u l t ima te  d isposa l  a t  a s i t e  

t h a t  has  y e t  t o  be designated,  with uncerta ' inty as t o  what waste form w i l l  

be acceptable .  W e  can assume t h a t  it would c e r t a i n l y  m e e t  P t .  61;  however, 

t h e  a d d i t i o n a l  b u r i a l  s i t e  requirements may cause some problems f o r  waste 

t h a t  is  placed i n  s torage .  

DR. CMARLESWORTH: Perhaps i t  is t h e  chairman's p re roga t lve  here  t o  

raise a quest ion.  Storage is o f t e n  def ined  i n  two d i f f e r e n t  ways. One 

d e f i n i t i o n  has t o  do wi th  t h e  i n t e n t  t o  r e t r i e v e  the  waste and do 

something else wi th  i t ,  which is  perhaps the  context  t h a t  is used here. 

The o the r  approach i s  t h a t  s t o r a g e  is  def ined  as being t h e r e  fo reve r  and 

ever .  

Is t h e r e  anything but  s t o r a g e  going on a t  t h e  present  t i m e ?  Do w e  
r e a l l y  expect t o  walk away from any site? 

DR. BENDA: I d i sag ree  when you say "walk away" wi th  10 CFR 6 1  and 

t h e  i n s t i t u t i o n a l  c o n t r o l  and t h e  long-term c losu re  requirements,  as i t  is  
not  walking away. The d i sposa l  s i tes ope ra t ing  today are not going t o  be 

dug up and moved 200 o r  300 years  from nowI There i s  no i n t e n t  by any 

ope ra to r  o r  any r egu la to r ,  t h a t  I know of ,  t h a t  t h e  i n t e n t  of 10 CPR 61 i s  

t o  "walk away." It is not  l i k e  Ontar io  Hydro, which is, as you mentioned, 

producing short-term and long-term s torage .  

DR. PAJXER: That may not be t h e  present  i n t e n t ,  but  w e  are c e r t a i n l y  

f a m i l i a r  wi th  some of the  D&D sites t h a t  have been dec lared  cleanup and 

c e r t i f i e d  as clean,  and now they are being dug up and t r anspor t ed  some 

p l a c e  else. W e  certainly do not know what t h e  f u t u r e  is  going t o  bring. 
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I a m  somewhat reminded of Menelten's comment t h a t  nobody ever went broke 

underest imat ing the  t a s t e  of t h e  e r i c a n  p u b l i c .  

The same th ing ,  X th ink ,  i s  e r u e  about cer tEEica t ion  and t reatment  of 

waste. Nobody w i l l  ever  gcs broke t rea t lng  the waste t o  t h e  h ighns t  ex ten t  

poss ib l e .  I th ink  t h a t  i s  what we are serine; In Prance, and I th ink  even- 

t u a l l y  we are going t o  see the same th ing  here. 

DR, SEH: I a m  Bob Ramsey with Nuclear Energy Services .  This 

dlsc-usslon is  very i a t e r e s t i n g .  I th ink  there is one term tha t  we are not 

us ing  t h a t  we should use more c a r e f u l l y  o r  ipse t o  good advantage, and that 

is ' i i ~ o b i l i z ~ ~ : i . ~ ~ ~ i . n '  We talk a l o t  about the t reatment  of waste, t he  pro- 

ce s s ing  of waste, the. s o l i d i f i c a t i o n  of waste, and the volume reduct ion  of  

waste. All t hese  are process  treatments, b u t  the r e a l  management t h a t  

OCCUTR when we process  arid t r e a t  the  waste i s  t o  iumobillze i t ,  S O  that :it 

w i l l  not become a se l f -d i spe r s ing  article i n  the  environment. 

It is  very important,  1 th ink ,  when we look a t  volume reduet ion,  that  

we look a t  i t  r e a l i s t i c a l l y .  What i t  does i s  save money i n  terns of using 

what we have def ined as a scarce resource,  and t h a t  is buria l  space. 

Another b u r i a l  space should not be a sca rce  resource - w e  do have t o  use 

i t  very c a r e f u l l y  - b u t  c e r t a i n l y  we are not us ing  volumes of shallow l a n d  

t o  g ive  u s  any great concern about  how much that voI.ume is. 

It i s  a t t endan t  upon us ,  however, t o  preserve t h a t ,  t o  have what was 

mentioned today, s tewardship O E  b u r i a l  of m;\ter:Lall The ul t imate  ques t ion  

of what happens t o  a b u r i a l  ground is  well known - i t  ceases t o  be 

managed. That w i l l  be i t s  fa te ,  and when i t  ceases t o  be managed, It t h e n  

has  t o  take  care of itself aga ins t  t he  r i g o r s  of whatever na ture  does with 

t h e  materials that have been inves ted  i n  i t .  

That i s  the  rea l  stewardship,  t o  understand what na tu re  does wi th  the  

materials t h a t  are put i n  the  ground and wake s u r e  that w e  mke the bes t  

use  of na tu re ' s  o m  i n t e n t ,  t o  i m o b i l t z e  those materials and not have 

them emerge aga in  as a t h r e a t  or a hazard t o  t h e  fu tu re .  en w e  talk 

sbwit  processes  of immobilizaticm and p r ~ e e s s ~  of ~ o l z n m e  reduct ion,  I 

would l i k e  t o  suggest t h a t  w e  foctis on tlils issue of immobilizing, 

encasing,  or doing whatever 15 necessary i n  t h e  waste, s o  t h a t  w e  can, 

indeed, abandon the material without  management, because t h a t  is going t o  

be i t s  u l t i m a t e  fate. 
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1 would l i k e  t o  raise aga in  one o the r  po in t  o r  ques t ton  f o r  

Mr. Crase. Arv-Ll t a lked  about t he  US Ecology i n c i n e r a t o r ,  which r a i sed  

the i s s u e  of t he  ash  t h a t  is generated.  I th ink  Nancy also mentioned t h e  

ques t ion  as t o  ash  being a d i s p e r s i b l e  material and, t h e r e f o r e ,  being less 

s a f e  than  It would be i n  i t s  normal circumstance. Is t h e r e  any p l an  t o  

inco rpora t e  i n  your i n c i n e r a t i o n  immobilization of t h a t  ma te r i a l  i n  order  

t o  provide a n  improved form a t  volume reduc t ion?  

DR, CRASE: Under present  condi t ions ,  where w e  would use the  

Washington f a c i l i t y  f o r  d i sposa l  of the ash,  t h e r e  would be n o  requirement 

t o  € m o b i l i z e  i t .  However, under t h e  Southeast  Compact, t he  ash could go 

t o  t-he Barnwell s i t e  and i t  would he requFred t o  be immobilized, so l id -  

i f i e d ,  f o r  example. I r o n i c a l l y ,  our s t u d i e s  have ind ica t ed  t h a t  i f  w e  go 

ahead and s o l i d i f y  i t ,  we get  a further 5% reduct ion ,  

DR. PARKER: 1 would l i k e  t o  r e t u r n  t o  t h i s  question of s to rage  ver- 

s u s  d i sposa l .  'I mentioned i n  my remarks about us ing  a risk-based classi-  

f i c a t i o n .  One of the  th ings  t h a t  Bob j u s t  mentioned struck me.  We have 

not ta lked  about changes o f  t he  r i s k  with  t i m e ,  so w e  are not t a l k i n g  

about having a waste t h a t  i s  going t o  sit t h e r e  f o r  thousands alr years ,  as 

wi th  high-level. wastes, but  w e  are t a l k i n g  about low-level wastes a t  t h i s  

conference,  so w e  c a n  look very e a s i l y  at how t h a t  r i s k  i s  going t o  change 

over  t i m e ,  lf you know what i s  Ln the  waste. It means, f o r  a r e l a t i v e l y  

s h o r t  per iod,  we have t o  guarantee t h e  i n t e g r i t y  of t hese  sites. 

DB. AUTRY: I would lPke t o  comment on tha t .  One of t he  f i r s t  th ings  

I mentioned i s  w e  are looking a t  shor t - l ived  i so topes ;  however, w e  need 

b e t t e r  d e f i n i t i o n  of these.  We are aware t h a t  o f t e n  waste i s  m i s -  

e l a s s l f i e d  and t h e  t r u e  content  and na tu re  of t h i s  waste are not always 

descr ibed.  

Returning t o  t h i s  gentlemen's s ta tement  about a philosophy of 

ensur ing  immobilization of waste, South Carol ina has t r i e d  t o  do t h i s  f o r  

many years, ensur ing  t h a t  waste i s  immobilized and, when placed i n  our 

environment, t h a t  i t  will remain where i t  is  placed and will not mlgrate.  

DR. PARKER: I guess I still have some t roub le  with t h a t  kind of 

d e f i n i t i o n ,  having no waste migrate. To not have a single atom migrate  i s  

an impossible  t a sk ,  and i f  w e  requi red  t h a t  of any o the r  aspect of human 

a c t i v i t y ,  we would shu t  down c i v i l i z a t i o n .  Thus, I think we ought t o  t a l k  
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about ,  again,  what t h e  r i s k s  are .  Some s m a l l  f r a c t i o n  migra tes ,  as a 

matter of f ac t ,  every t i m e  we brea the  r ad ioac t ive  material, migrates .  So, 1 

t h ink  we have t o  be very c a r e € u l  when w e  t a l k  about migrat ion,  because we 

need t o  t a l k  about t he  q u a n t i t y  a n d ,  aga in ,  t he  r i s k s  t h a t  are involved. 

DR. WILLIAMS: Paul  W i l l i a m s  o f  Stock Equipment Company. We are 

t a l k l n g  VR, and w e  are t a l k i n g  up t o  12 b u r i a l  s-ites i n  t h i s  country.  My 

own opinion,  i n  looking a t  a number o f  p r o j e c t i o n s  of the. q u a n t i t y  o f  LLRW 

i n  t h e  f u t u r e ,  is  t h a t  t h e  economies and the  surcharges put  on the  b u r t a l  

s i t e s  a r e  going t o  go a long way t o  accomplish t h e  volume reduct ion.  

A s  George had ind ica t ed ,  i n  t h e  u t i l t t y  i n d u s t r y  t h e r e  has been a 

good b i t  of improved management, and waste q u a n t i t i e s  a t  i n d i v i d u a l  pl-ants 

a r e  almost u n i v e r s a l l y  coming down. M e  a l l  know t h a t  in t h e  p a s t  10 o r  15 

yea r s  t h e  h o s p i t a l s  and o t h e r  medical f a c i l i t i e s  have gone t o  a t o t a l  

d i s p o s a l ,  throwaway economy i n  t h i s  area, and, most probably,  as t h e  

d i s p o s a l  c o s t s  go up, t h i s ,  of course, can be reversed.  

I would l i k e  t o  address  a ques t ion  t o  t h e  panel as t o  j u s t  how much 

waste the re  w i l l  be i n  the next  10 years  versus  t h a t  generated today, t o  

a t t e m p t  t o  t e l l  us a l l  a l i t t l e  b i t  how big  the  problem r e a l l y  w i l l  be. 

DR. CRASE: Let m e  g ive  some background t o  t h a t ,  Paul. The natlion's 

waste volume peaked a t  -1100,000 xi3 ( 4  m i l l i o n  ft3> a l i t t l e  over 3 years  

ago, and s i n c e  t h a t  time i t  has decreased. S t a t i s t i c a l l y ,  t he re  is  very 

l i t t l e  d i f f e r e n c e  between t h e  waste volume generated in 1983 versus  1984. 

We a t  US Ecology be l ieve  t h a t  volume reduct ion  and o t h e r  techniques 

t o  reduce t h e  amount. of waste de l ive red  t o  t h e  b u r l a l  sites i s  o f f s e t t i n g  

t h e  growth. In  o t h e r  words, wi th  t h e  new p l a n t s  t h a t  are coming on, which 

gene ra t e  probably 30% of t h e  amount t h a t  t h e  o lde r  p l a n t s  generated a t  the 

same t i m e  i n  t h e i r  ope ra t ing  h i s t o r y ,  we see a real growth o f  about 3% a 

year .  

That is what w e  a r e  p red ic t ing ,  but  my p red ic t ions  have not  

ma te r i a l i zed  because the  market has  continued t o  drop over 3 years. The 

amount of waste de l ive red  t o  b u r i a l  s i t es  has  decreased. 

There is, however, a d i f f e r e n c e  between waste generated and waste 

de l ive red  f o r  coiumercial d isposa l .  This  r e p r e s e n t s  another  market €or t h e  

processors  o r  vendors who provide s e r v i c e s  t o  reduce waste volume. But w e  

do not  see growth over 3% a year  i n  t h i s  area. 
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DR. BENDA: I would add one more except ion  t o  tha t ,  and I th ink  A r v l l  

would agree ,  t h a t  t h e r e  are some s i tes ,  such as superfund sites, which 

have t o  be cleaned up. This  waste i s  a l r eady  he re  and must be added t o  

t h a t  volume estimate. 

DR. KNIAZEWYCZ: I th ink  t h a t  is  another  po in t  t o  add, too. Many of 

t h e  p l a n t s  are becoming 10 t o  20 y e a r s  o ld ,  and they  s t i l l  have not 

t o t a l l y  compl€ed wi th  post-TMI requi red  r e t r o f i t s .  A t  s e v e r a l  f a c i l i t i e s  

t h a t  we  have worked a t ,  we  have s e e n  a l o t  of concern about waste 

r e s u l t i n g  from s i g n i f i c a n t  r ebu i ld ing  o r  r e t r o f i t t i n g  of t h e  f a c i l i t i e s ,  

and I t h i n k  t h a t  t h a t  needs t o  be r e f l e c t e d  i n  t h i s  waste quest ion.  

It is not  a t  a l l  unusual t o  see some of t he  p l a n t s  wi th  a l o t  of car- 

bon s t ee l  p ip ing ,  and s o  f o r t h ,  i n  them removing t h a t  and chipping a l o t  

of concrete .  1 t h ink  when t h a t  is r e f l e c t e d ,  you may see another  waste 

b l i p  o r  two, d e f i n i t e l y ,  over t h e  next  10 years. 

I th ink  we w i l l  a l s o  see a s i t u a t i o n  where t h e r e  s t i l l  would be some 

a d d i t i o n a l  problems a s soc ia t ed  with a l o t  of t h e  water-treatment systems 

a t  these  p l a n t s ,  where they are slowly degrading, where the condenser per- 

formance is a problem, o r  where t h e  deminera l izer  systems themselves are 
caus ing  some problems. 

% 

In a d d i t i o n ,  t h e  one o t h e r  area t h a t  we'have seen  a concern about is 

t h e  area of water chemistry and t h e  requirements by s e v e r a l  vendors t o  

enhance the i r  water q u a l i t y  and, i n  p a r t i c u l a r ,  reduce s i l i ca .  

So, I t h i n k  t h a t  these raise a number of ques t ions  that d e f i n i t e l y  

are p o t e n t i a l  waste problems t o  indus t ry .  

DR. BENDA: I would l i k e  t o  ask A r v i l  a quest ion.  Do your projec- 

t i o n s  hold t r u e  i f  t h e  Udal1 amendment goes through, and the  $10.00 t a x  

goes on? 

DR. CRASE: I have not  addressed t h a t  i s s u e ,  and I doubt i f  anybody 

i n  the coinpany has looked a t  p r o j e c t i o n s  for f u t u r e  volume based on those  

surcharges  of from $350 t o  $2100 pe r  cub ic  m e t e r  ($10.00 t o  $60.00 a cubic  

foo t ) .  

DR. CHARtESWORTH: How about d e c o d s s i o n i n g  wastes? A r e  they i n  

your e s t ima tes?  

DR. CRASE: No, they are not .  I have r e c e n t l y  seen,  perhaps many of 

you have, a DOE survey of u t i l i t i e s  as t o  what t h e  f u t u r e  holds  a t  the end 
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of t h e  o p e r a t i n g  per iod  o €  t i m e -  If my memory s e r v e s  me riglit-,  t h e r e  are 

many, many l o c a t i o n s ,  perhaps h a l f ,  at which a d e c i s i o n  has  not been made 

and,  t h e r e f o r e ,  we would not  have a complete p r o j e c t i o n ,  

DR. MALLORY: Chuck Mallory,  Wcstinghouse Hittman- This is  f o r  

e i t h e r  V i r g i l  o r  Gary. A t  the beginnfng of this y e a r ,  1985, t h e  rate 

s c h e d u l e s  a t  Barnwell were changed t o  remove t h e  r a d i a t i o n  surcharge  

l e a v i n g  j u s t  a volume surcharge  and a c u r i e  surcharge* H a s  t h i s  r e s u l t e d  

i n  i n c r e a s e d  s u r f a c e  r a d i a t i o n  on t h e  packages,  and have you notKced any 

d i f  f erelice i n  t h e  exposure of your personnel?  

DR. AUTRY: I have n o t ,  through our  i n s p e c t i o n s ,  noted m c h  d i f -  

f e r e n c e  whatsoever as opposed t o  b e f o r e  the r a d i a t i o n  s u r c h a r g e s  a It 

p o s s i b l y  has  been reported less on paperuork, but  we have not  noticed i t  

as far as OUT I n s p e c t i o n  program. O f  course,  South C a r o l i n a  has  n o t h i n g  

t o  do with s e t t i n g  rates whatsoever.  This  i s  e n i t i r e l y  each company's own 

prerogative t o  do that. 

DB. BENDA: Chuck, X do not  know how our  exposure l e v e l  per month h a s  

changed, but  T can f i i ~ d  o u t  f o r  you. 

DR . LOIRK: It would encourage people  t o  use  dewatered X I C s  r a t h e r  

t h a n  s o l i . d i f y  the waste. I w a s  wondering i E  t h a t  t r e n d  has  been obser- 

v a b l e .  The dewatered c o n t a i n e r  would have a hLgher s u r f a c e  r a d i a t i o n ,  and 

where i t  w a s  s o l i d i f i e d ,  a lower surface rzdiat- lon W Q U ~ ~  be found. 

DR. BENDA: Is t h e  surcharge  t h a t  much d.i.fferent between t h e  tech- 

nologies  of dewater ing and s o l i d i f f c a t i o n ?  

DR. LORY: It w a s  a major f a c t o r  i n  t h e  d i s p o s a l  cos t s  u n t i l  t h e  

beginning of t h e  year .  

: I w i l l  f i n d  o u t  as f a r  as our exposure . . . 
LORY: X t h i n k  a more g e n e r a l  coneern t h a t  we ought t o  con- 

s i d e r  at  t h i s  workshop i s  how t o  u s e  ra te  s t r u c t u r e s  and s u r c h a r g e s  t o  

a c h i e v e  ou r  o b j e c t i v e s  . 
DR, AUTRY: Z t h i n k  s u r c h a r g e s  right now are more of a p e n a l t y  t h a t  

c e r t a i n  s ta tes  are going t o  have t o  pay f o r  their f a i l u r e  t o  grasp  t h e  

low-level  waste problem and, of c o u r s e ,  i t  will be passed  on to t h e  c i t i -  

zens as rate payers ,  That is my unders tanding  of s u r c h a r g e s  mandated in 

t h e  compact l e g i s l a t i o n .  We do mot know who i s  going t o  g e t  t h i s  money 

from t h e s e  sur@hi3Pges, o r  what i t  i s  going  t o  be used f o r .  It x r t a i n l y  
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1.7 PANEL DISCUSSION (SESSION 2), C. H. CHARLESWORTH 

DON CHARLESWORTH: We have had l o t s  of oppor tuni ty  i n  t h e  workshops 

t o  g e t  down t o  s p e c i f i c s .  

W e  had a good s e s s i o n  yes te rday  d i scuss ing  some of t h e  o t h e r  f a c t o r s  t h a t  

weren' t  going t o  be touched upon in t he  workshops. I hope t h a t  new ones 

have a r i s e n  and t h a t  t he  ones l e f t  over from yes te rday  are s t i l l  i n  your 

mind. We have some members of the  panel  he re  t o  he lp  t h e  d i scuss ion  

along. Do we have any comments o r  ques t ions  o r  d i scuss ion  r e l a t e d  t o  t h e  

e n t i r e  low-level waste system? 

This  i s  the  oppor tuni ty  t o  p u t  i t  a l l  toge ther .  

RAY ZSAACSON: Ray Isaacson,  Rockwell Banford Operat ions,  Richland, 

Washington. Overa l l ,  I thought t h a t  the  workshop w a s  very good and very 

w e l l  prepared. T. t h ink  t h a t  t h e r e  i s  one i s s u e  we s k i r t e d  i n  t h e  

workshops, having only t a lked  about i t  i n  a pe r iphe ra l  way, and t h a t  i s  

t h e  a c t u a l  d i sposa l  i t s e l f .  The land d i sposa l  of LLRW is  one i s s u e  t h a t  

i s  unresolved. States  have been slow i n  responding, as they w e r e  supposed 

to have e s t a b l i s h e d  t h e i r  compacts by January 1986, which they have not  

done. The th ree  si tes w e  had when t h a t  l a w  w a s  passed are s t i l l  there .  

They are the  only s i tes  i n  t h e  United States  t h a t  are accept ing  LLRW and, 

of course,  they have made a l o t  of changes with respect t o  what they w i l l  
accept .  O f  course,  t h a t  i s  going t o  be impacted f u r t h e r  by the  RCRA, 

which we talked about i n  t h e  panel ,  and ye t  w e  have not  addressed t h a t  

i s s u e  i n  t h i s  workshop. I would hope t h a t  we could g ive  some more a t t en -  

t i o n  t o  d i scuss ing  t h e  needs f o r  e s t a b l i s h i n g  b u r i a l  ground technology and 

p r a c t i c e s .  What i s  needed i n  t h a t  area? Again, I don ' t  th ink  w e  have 

addressed t h a t .  A t  Hanford, where w e  have a r a t h e r  a r i d  environment, we 
s t i l l  have ques t ions  as t o  whether o r  not  p r e c i p i t a t i o n  i n f i l t r a t e s  and 

p e r c o l a t e s  t o  t h e  water t a b l e ,  t hus  p o t e n t i a l l y  ca r ry ing  materials t o  t h e  

water t a b l e .  The s t a t e  of Washington is now involved i n  our t o t a l  waste 

management p r a c t i c e s ,  looking over our shoulder  a t  the chemical hazards ,  

a long with LLRW. And so ,  t h e r e  is a f u l l  series of i s s u e s  r e l a t e d  t o  t h e  

b u r i a l  ground p r a c t i c e s  t h a t  I don't be l i eve  w e  have addressed adequately 

i n  t h e  workshop. I would encourage us t o  g ive  t h a t  some a t t e n t i o n ,  i f  

t i m e  a l lowsc  

DR. CHARLESWORTH.: Thank you. Is there comment on t h a t  from the  

panel?  
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humidi ty  when you d o n ' t  have s t a n d i n g  water .In t h e  t r e n c h e s ?  B u t  i f  i t  is 

r e q u i r e d ,  of course ,  w e  pu t  i t  in .  I t 's  our s i te  and your money. Does 

t h a t  answer your q u e s t i o n  OK g e t  us s t a r t e d ?  

DR. RODGERS: Do you t h i n k  t h e r e  i s  any technology needed i n  t e r m s  of 

l i n e r s  ? 

DR. CRASE: There h a s  been a l o t  of s t u d y  on t r e n c h  l i n e r s ,  s y n t h e t i c  

l i n e r s ,  and s o  fo r th .  About 30 t o  40% o f  our  b u s i n e s s  i s  i n  t h e  chemical 

d i s p o s a l  area. We o p e r a t e  an  RCRA-authorized s i t e  i n  Texas and a l s o  the 

Nevada s i t e ,  p a r t  of it being a chemical d i s p o s a l  f a c i l i t y .  We j u s t  

w i t h i n  t h e  p a s t  month completed a d i s p o s a l  u n i t  o r  t r e n c h  a t  o u r  Texas 

s i t e  u s i n g  the new s y n t h e t i c  l i n e r .  We found t h a t  t h e r e  h a s  been a 

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

l i n e r s  f o r  chemicals .  I do not  know, and c o u l d n ' t  answer w i t h  any 

a u t h o r i t y ,  whether o r  n o t  t h a t  technology has  been a p p l i e d  t o  r a d i o a c t i v e  

was te ,  o r  i f  i t  need be. 

DR. ERS: There are  a number of cases i n  which t h e  technology in 

t h e  hazardous chemical  area i s ,  9 t h i n k ,  a l i t t l e  more advanced, p r i m a r i l y  

because i t  has been a p p l i e d  f o r  a l o n g e r  per iod  of t i m e .  In some c a s e s ,  

such  as t h e  usage of l i n e r s ,  i f  w e  s tar t  c o n s i d e r i n g  f o r  low-level 

r a d i o a c t i v e  waste a t  some p o i n t  i n  t h e  f u t u r e ,  t h e r e  w f l l  be a l o t  of 

i n f o r m a t i o n  a v a i l a b l e  from t h e  hazardous was te  analogy. I f i r m l y  b e l i e v e  

that :  t h e r e  are a number of analogies:  i n  t h e  chemical  waste i n d u s t r y  t h a t  

can be a p p l i e d  t o  low-level waste d i s p o s a l ,  handl ing ,  and t r e a t m e n t ,  and 

as you noted,  i n  t h e  handouts  we i n c l u d e d  a l o t  o f  t e c h n o l o g i e s  t h a t  have 

never  been a p p l i e d  t o  low-level waste o r  never  c o n s i d e r e d  as an a p p l i c a -  

t i o n  t o  low-level  waste. They were p r i m a r i l y  chemica l ly  hazardous tech-  

nologtes .  W e  pu t  t h o s e  i n  t h e r e  f o r  a p a r t i c u l a r  reason,  hoping t h a t  

people  would t a k e  a look a t  them and see i f  t h e r e  were p n s s t b l e  a p p l i c a -  

tLclns t o  low-level w a s t e .  Most of them j u s t  haven ' t  been cons idered  

b e f o r e .  

Frank,  you are doing a l o t  of r e s e a r c h  a t  V a n d e r b i l t  - I t h i n k  you 

mentioned f i v e  p r o j e c t s  t h e  o t h e r  day - where do you see t h e  R&D needs i n  

t h i s  area? I know you are involved  i n  p r e p a r i n g  p r o p o s a l s ,  and s o  f o r t h ,  

and you must have some p r e t t y  good i d e a  OE what t h e  R&D needs are. 

R: L e t  m e  c o n s i d e r  your  f i r s t  q u e s t i o n  on l i n e r s .  I w i l l  

make a comment r a t h e r  t h a n  answer it. I wonder whether  p u t t i n g  i n  l i n e r s  
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Ps r e a l l y  not  t e c h n i c a l l y  t h e  wrong th ing  t o  do i n  t h e  humid East. 

b igges t  problem f o r  most of t hese  sites t h a t  have had d i f f i c u l t i e s  has 

been t h e  ba th tub  e f f e c t ,  and a lFner  only exacerbates  t h a t  problem. I 
c e r t a i n l y  be l i eve  i n  good water con t ro l ,  such as p u t t i n g  in t i g h t  covers 

and d i v e r t i n g  s u r f a c e  waters, and a l l  t h a t .  But some of t h e  material i n  
t h e  East i s  c e r t a i n l y  going t o  leak  out  sometime o r  other .  The amount may 

be very small, bu t  what you would l i k e  t o  do is t o  g e t  t he  water ou t .o f  

t h e  d i sposa l  p i t s  as quick ly  as poss ib le .  

oppos i te  e f f e c t ,  they r e t a i n  the  water. 

The 

The l i n e r s  have e x a c t l y  the  

DR. ROWERS: That 's  t r u e ,  I f  you are j u s t  t r y i n g  t o  prevent t h e  

i n t r u s i o n  of w a t e r ,  but  a l o t  of t i m e s  l i n e r s  are used as a c o l l e c t i o n  

mechanism, and then  you go t o  a sump. So, i f  t he  water g e t s  in t he re ,  i t  

is c o l l e c t e d ,  t r e a t e d ,  and re leased .  Obviously, t he re  is  more than one 

use  f o r  a l i n e r .  

DR. PARKER: Then, t h e  l i n e r  should be some d i s t a n c e  below t h e  s i t e  
so t h a t  i t  doesn ' t  back water up i n t o  the  s i te .  I th ink ,  even on t h a t  

b a s i s ,  I would not  be too  t h r i l l e d  about i t ,  because even tua l ly  people are 

going t o  walk away from the s i te ,  and then you w i l l  exacerba te  t h e  problem 

by bu i ld ing  up water I n  the system i f  t h e  l i n e r  lasts t h a t  Bong. I don ' t  

t h i n k  they are going t o  last t h a t  long, I might say .  But assuming t h a t  

they  would l a s t  t h a t  long, I don't  t h ink  i t ' s  going t o  work t h e  way you 
want i t  t o  work. It 's  going t o  be j u s t  t h e  oppos i te ,  keeping water i n  

a f t e r  t h e  s i t e  is  abandoned. 

We have been looking more at  the movement of materials i n  the  

environment, such as movement of materials through l i n e r s .  We have done a 

l o t  of work on hazardous chernjical waste too. W e  found t h a t  a number of 

chemicals go through c l ay  l i n e r s  even faster than  water does. Bas i ca l ly ,  

i t ' s  a chromatographic sys t em,  except t h a t  i t  moves t h e  waste through 

fas ter  than  t h e  w a t e r .  Another area t h a t  has  had  only a b r i e f  mention 

he re ,  but c e r t a i n l y  i s  a problem i n  chemical hazardous wastes (I th ink  i t  

may a l s o  become a problem i n  r ad ioac t ive  waste), is vapor t r a n s p o r t  of 

material t o  the  su r face  of t he  ground. 

DR. ROWERS: Is t h a t  due t o  a cont inuing  r e a c t i o n  of waste materials 

placed t h e r e ?  

DR. PARKER: Yes, and from t h e  organics .  
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apparent ly ,  I s  t h a t  water behaves under c a p i l l a r y  flow p r e t t y  e f f e c t i v e l y  

and e f f i c i e n t l y .  Again, t o  i l l u s t r a t e  rhe example, i n  one of our c r i b s  a t  

R1.chLand w e  found t h a t  n i t r a t e  c r y s t a l s  w e r e  forming on the su r face  of t h e  

ground due t o  t h e  c a p i l l a r y  f l o w  and evapora t ion  a t  the  surEace. S S  when 

you are speaking of vapor t r anspor t ,  t h i s  i s  a f a c t o r  too. En one of our  
experlments we have found t h a t  all. of t h e  inccldent r a i n f a l l  over a per iod 

of a year ,  under a h i g h - r a i n f a l l  year, one o f  our once-in-10-years ra ln-  
f a l l s ,  t h a t  inoisture pene t ra ted  to a depth of about 5 m ( 1 5  f t )  wi th  sub- 

sequent evaporatCon from t h a t  depth back to the  su r face ,  w i th  no apparent  

i n f i l t r a t i o n  below tha t .  Cap i l l a ry  t r a n s p o r t  and evapora t ion  t o  t h e  sur-  

f a c e  i s  an e f f e c t  i.n the d e s e r t  region t h a t  has been ignored, as Ear as I 

can see, from a l l  my reviews of t h e  l i t e r a t u r e  and o the r  s t u d i e s .  Even i n  

the  h i g h - r a i n f a l l  areas, you should a l s o  have evaporarion, and, while your 

lfraers may serve t o  Increase  t h e  ba th tub  e f f e c t ,  you also need t o  look a t  

t h e  evaporat ion p o t e n t i a l  and t h e  c a p i l l a r y  t r a n s p o r t  p o t e n t i a l .  1 th ink ,  

i n  summary, I am s t i l l  saying t h a t  we do not  y e t  know enough about t he  

behavior  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  wastes froin our 

b u r i a l  sites. 1 think this i s  going to be a very important f a c t o r  when we 
s tart  s e l e c t i n g  sites f o r  d i sposa l ,  whether i t  be in t he  humid East o r  t h e  

ar$d West. I f i n d  t h a t  t h e  work of D r .  Karos CartWright a t  I l l i n o i s  has 

been very good i n  t e r m s  of engineered b a r r i e r s ,  looking a t  i n f i l t r a t f o n  

b a r r i e r s ,  bu t  again, that's only a very l imi t ed  study. A t  Hanford I f i n d  

that our  knowledge of t h e  i n f i l t r a t i o n  e f f e c t s  i n  t h a t  area, while  we know 

perhaps more than has been known i n  the p a s t ,  is  l ack tng  i n  term of the  

t r a n s p o r t i n g  e f f e c t s .  So aga in ,  I would plead t h a t  we look at  t h e  

r e sea rch  needs f o r  b u r i a l  sLtes in terms of how they behave wi th  the  

various types of w a s t e  f o r m  t h a t  w e  are considering. 

DR.. JOLLEY: 1 would ltke t o  have u s  explore  de minimis f o r  them. 

Maybe ~ S U  have done t h a t  i n  your i n d i v i d u a l  workshops. 

relate to: (1) whether o r  not i t  can be p r a c t i c a l l y  achieved; ( 2 )  whether 

no t  our monitoring devices  are sens i t ive  enough t h a t  we can s o r t  and 

My ques t ions  

seg rega te  and be assured  t h a t  we have a de  m i n i m i s  waste; ( 3 )  whether o r  
not t h e  p u b l i c  would eve r  aiccept it; and ( 4 )  whether or  not  w e  r e a l l y  f e e l  

I t  is achievable  as a concept? 

DB. ESWORTtl: We will now accept  comments from the floor. 



UNKNOWN: Have w e  def ined  t h e  concept? 

DR. CHARLESWO : I a m  only f a m i l i a r  with the Canadian s i t u a t i o n  i n  

which de minimis c u r r e n t l y  i s  r e l a t e d  t o ,  not  u n r e s t r i c t e d  d i s p o s a l  of t h e  

material, but  t o  r e s t r i c t e d  o t h e r  d i sposa l .  That is, t h a t  you are not  

say ing  i t  is out  of r egu la t ion ,  you are saying  i t  passes  from one t o  

another .  Thus, i t ' s  not  so low a number t h a t  i t  has t o  be s a f e  under any 

condi t ion .  Now, what i s  the cu r ren t  d i r e c t i o n  of t h ink ing  -in t h e  United 

S t a t e s ?  

, EPA: I can say  something about de minirocls o r  what EPA 

i s  c a l l i n g  Below Regulatory Concern (BRC). There are s e v e r a l  s t u d i e s  

going on, and EPA, f o r  one, is cons ider tng  WRC as a v i a b l e  op t ion  f o r  t h e  

unregula ted  d i sposa l  of wastes wi th  '@minimal" o r  only "*suspected" con- 

c e n t r a t i o n s  of r a d i o a c t i v i t y .  W e  hope t o  propose a BKC s tandard  next year  

i n  conjunct ion wi th  a low-level waste s tandard.  I know NRC is a l s o  q u i t e  

i n t e r e s t e d  i n  t h e  i d e a  of a de minimis or  BRC standard.  They mentioned i t  

i n  t h e i r  d r a f t  10 CFR 61. I n  t a l k i n g  with some o f  t h e  NRC s t a f f ,  a 

g e n e r i c  r u l e  f rom NRC would probably t a k e  5 years t o  produce while  t h e r e  

are  provis ions  i n  t h e  NRC r u l e s  t o  go i n  f o r  a stream by stream exemption. 

That ' s  probably t h e  bes t  method t h a t  t he  u t t l i t i e s  o r  any o t h e r  f a c i l i t i e s  

could approach. For in s t ance ,  somebody mentioned t h e  waste o i l s  p e t i t i o n  

a t  NRC now. A p e t i t i o n  l i k e  t h a t  would probably take  a year  t o  act on by 

t h e  NRC. Another exemption is t he  biomedical r u l e  they d id  a few years 

ago. Otherwise NRC i s  s i t t f n g  back and wai t ing  f o r  EPA t o  come out  wtth 

i t s  BRC s tandard  and, i f  you will, f o r  EPA to t a k e  the hea t  on t h e  com- 

ments from t h e  pub l i c ,  which may view t h e  i d e a  of t ak ing  r a d i o a c t i v e  

wastes and d e c l a r i n g  them nonradioac t ive  as not i n  i t s  b e s t  i n t e r e s t s .  

But w e  a r e  t ak ing  t h e  approach t h a t  i f  w e  have done an a n a l y s i s  and de te r -  

mined a l e v e l  below which r egu la t ion  i s  not  warranted, then as a concept 

t h e  iRC l e v e l  has a p o t e n t i a l  t o  improve environmental  p ro t ec t ion  through 

focus ing  t h e  expendi ture  of resources  on the more s i g n i f i c a n t  impacts. 

UNKNOWN: What have you come with  and when do you th ink  you are going 

t o  come up wi th  i t ?  Can you speak on t h a t ?  

DR. EIOLCQMB: I can't t e l l  you what we've come up wi th ,  as w e ' r e  s t i l l  

i n  t h e  a n a l y s i s  s ta te .  

: You haven't  s a i d  anything about the worst  t h a t  God gave u s ,  

o r  doubling t h a t  o r  anything. 
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DR. HOLCQMB: Many people want us t o  look a t  background and t o  t ake  

a percentage f o r  t h e  BRC l eve l .  We don't want t o  look a t  i t  t h a t  way. W e  

want t o  look a t  t h e  waste stream, t h e  a c t i v i t y  involved,  and t h e  in t e rac -  

t i o n s  wi th  o t h e r  waste streams and do a comprehensive ana lys i s .  

UNKNOWN: You want d e t a i l s  about every ind iv idua l  stream? 

DR. HOLCOMB: No. I w i l l  say t h a t  we hope t o  pub l i sh  our  proposed 

r u l e  sometime e a r l y  i n  1986. I hope t h a t  everybody t akes  the  oppor tuni ty  

t o  comment because t h e  comments are taken s e r i o u s l y  and w i l l  be considered 

by the  agency, 

UNKNOWN: W i l l  i t  be buried i n  the Fede ra l  Register? 

DR. HOLCOMB: No. W e  w i l l  also have pub l i c  meetings around t h e  

country t o  d i s c u s s  t h e  proposed s tandards.  

UNKNOWN: There w i l l  be, but  i t  is d i f f i c u l t  t o  a t t e n d  these.  

DR. HQLCOMB: It is  very l abor ious  t o  g e t  out  a s tandard.  W e  t r y  t o  

balance what t he  gene ra l  pub l i c  and the  i n d u s t r i a l  s e c t i o n  perce ive  and 

how t h e  f e d e r a l  government agencies  involved with NRC implementing t h e  

s tandard  perce ive  t h e  o t h e r  s tandard.  

DICK CURTIS: Those are g e n e r a l i z a t i o n s ;  who is  g iv ing  you the  inpu t?  

I a m  working i n  t h e  q u a l i t y  assurance and equipment management area. X: 

have worked i n  t h e  r a d i a t i o n  p r o t e c t i o n  area, and I have a problem with 

how long i t ' s  tak ing  t o  e s t a b l i s h  a de minimis l i m i t  f o r  r egu la to ry  

c o n t r o l  of r a d i o a c t i v e  waste. 

DR. HOLCOMB: Who knows how long i t ' s  going t o  take.  I j u s t  came from 
an  ATF meeting where they are looking a t  i n v e s t i g a t i n g  poss ib l e  de  minimis 

waste streams from u t i l i t i e s  i n  an e f f o r t  t o  make proposals  t o  NRC t o  

exempt c e r t a i n  waste streams. We are a l l  looking a t  t h e  var ious  waste 

streams and looking a t  the  impact on the  pub l i c  i n  terms of r a d i a t i o n  

exposure. Because once you exempt, deregula te ,  or determine a waste is 

ready t o  throw out ,  you are going t o  throw i t  anywhere you want. No one 

i s  going t o  c o n t r o l  i t  af terward.  

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  

make s u r e  t h e  pub l i c  i s  sa fe .  You want t o  make s u r e  t h a t  t h e  pub l i c  is  
not  going t o  be down on you every day pounding on you not  t o  do t h a t .  

I t ' s  poss ib l e  t h a t  t h e  pub l i c  is not  going t o  accept i t  e i t h e r .  When some 

county f i n d s  out  t h a t  you are throwing s t u f f  i n  a l o c a l  l a n d f i l l  t h a t  w a s  

It's going t o  end up i n  a s a n i t a r y  



140 

c l a s s i f i e d  as r a d i o a c t i v e  a week ago and i s  now no l o n g e r  r a d i o a c t i v e ,  

what k ind  of p u b l i c  pressure will. t h i s  b r i n g ?  

DR, CURTIS: Yes, i t ' s  r a d i o a c t i v e ,  and i t ' s  going t o  g o  i n  r l g h t  next 

' lo the  fpgi Spray  t h . t ' s  got  the l abe l  O n  it, but l e t ' %  g e t  801)le relative 

r i s k  i n f o r m a t i o n  i n t s  t h e  deci.sion and p i c k  a number of value. 

: T h e ' s  trrae. I d o n ' t  deny that t h e r e ' s  a nuisbalance 

between chemical  r i s k  and r a d i o a c t i v e  risk i n  the way people  are per- 

c e i v i n g  them. 

a re  r e g u l a t e d  and t h e  way t h e y  r e g u l a t e  r a d i o a c t i v e  natesials. 

There i s  a l s o  a v a s t  d i f f e r e n c e  between t h e  chemicals  t h a t  

:OR. RQDGEWS: 8iP1, whfle y o u ' r e  up, could you please fill u s  i n  on 

E P A ' s  r o l e ?  It looks  l i k e  EPA is  g e t t i n g  i n t o  the r a d i a t i o n  r e g u l z t i o n  

act  more and more t h e s e  days. 1s tila+ real1.y t h e  case? A r e  you going t o  

be p r e t t y  a c t i v e  i n  t h e  area of r e g u l a t i n g  r a d i o a c t i v e  materials i n  t h e  

f u t u r e ?  

: It depends on how t h e  budget goes, which i s  on a yeas- 

to-year-basis .  T t  a l s o  depends on what money OMH d e c i d e s  they can all.ow 

u s  t o  have. We j u s t  f i n i s h e d  t h e  h igh- leve l  waste s t a n d a r d ,  which took 9 

y e a r s  t o  do. Once w e  had a c o u r t  o r d e r ,  i t  took s e v e r a l  months to f i n i s h  

i t  up. We d i d  s t a n d a r d s  on the m i l l  t a i l i n g s  and now t h e r e  %s concern,  

b o t h  c o n g r e s s i o n a l l y  and publ . ic ly ,  of t h e  radon problem they  are having i n  

Pennsylvania  and o t h e r  s ta tes .  They would .like t o  see some s o r t  of 

guidance on how t o  c o n t r o l  it. 

: Who t o l d  you? 

DR. HOECOHB: The people ,  w r i t i n g  t o  t h e i r  congressmen o r  w r i t l n g  t o  

t h e  s t a t e s .  The s ta tes  are concerned. The s t a t e s  are having a b i g  

problem, i n  Pennsylvania ,  New J e r s e y ,  and New York, about what t o  do aboi.18: 

a l l  t h e s e  houses  t h a t  have so much radon involved  t h a t  the p e q l e  l i v i n g  

t h e r e  are a t  a greater r i s k  f o r  g e t t i n g  cancer  w i t h i n  a f e w  years .  

DR. RODGERS: Hill, as you g e t  i n t o  t h e  regulation OF r a d i o a c t i v e  

m a t e r i a l s  more arid more, do yoii see any c o n f l i c t  w i t h  NRC? How are you 

going t o  determrhne whether you should s t o p  and they  should s ta r t ,  OK v i c e  

v e r s a ?  

: We have a l r e a d y  had t h i s  c o n f l i c t ,  and we l o s t .  No, 

t h e r e  i s  a very d e f i n i t e  d i v i d i n g  lLne between EPA and NKC a u t h o r i t i e s ,  

u n l e s s  Congr~jss, i n  a s p e c i f i c  law, r e q u i r e s  EPA t o  do something d i f ce ren t .  
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DR. ROWERS: Would you d e f i n e  t h a t  €or us?  

DR, ~~~~0~~ We only  work on g e n e r a l l y  a p p l l c a b l c  enviroii tnental  

r a d i a t i o n  s t a n d a r d s  o u t s i d e  a f a c i l i t y ' s  boundary or  f e n c e  l i n e .  NRC has  

ccsinplete j u r i s d i c t i o n  o v e r  t h e  licensing arid i n s i d e  t h e  f e n c e  l i n e .  We're 

calkflag r a d i o a c t i v e  materials, no t  mixed waste ye t .  NRC a l so  implements 

a l l  of EPA's e n v i r o a n e a t a l  r a d i a t i o n  s t a n d a r d s .  EPA has  no implementat ion 

powers. W e  only i s s u e  t h e  s tandard .  NRC has t o  impLement i t  and see t h a t  

i t  is  c a r r i e d  out .  I t ' s  sort of a two-step process .  

DR. RODGERSr It seems t o  me  when you say  you c o n t r o l  somerhing r i g h t  

up t o  the  f e n c e ,  t h a t  you ' re  a lmost ,  i n d i r e c t l y ,  f o r c i n g  smecme i n s i d e  

t h e  f e n c e  t o  a c c e p t  the same t h l n g .  

DR. HULCOM3: In a sense, yes.  You're saying don ' t  release s o  many 

c u r i e s  t o  t h e  environment past t h i s  f e n c e  Line, and t h a t  forces NRC t o  

s a y ,  "'OM yoti guys,  you c a n ' t  let  i t  g e t  o u t ,  YOU have t o  do something w i t h  

i t .  You have to c o n t r o l  it." 

DR. RODGERS: Concern-Lng t h e  area Q E  mixed waste, I know t h a t  t h e r e  

was a DOE-EPA committee s t u d y i n g  who should  he r e g u l a t i n g  mixed waste and 

t r y i n g  t o  go about  g e t t i n g  an  adequate  d e f i n i t i o n  f o r  mixed w a s t e .  Can 

you t e l l  us what the p r o g r e s s  of t h a t  i s?  

DR, HOLCOME: I have ao i dea  what i s  gulng on  t h e r e *  DOE-EPA and 

NRC-EPA are working on memoranda, and thatqs s t r i c t l y  between DOE and NRG 

and t h e  hazardous waste people  i n  EPA. U n f o r t u n a t e l y ,  i n  t h e  p a s t  

t h e r e  has not  been a l o t  of c o m u n i c a t i o n  between "hazardous" people  and 

the " r a d i o a c t i v e  w a s t e "  people  at EPA. They don ' t  seem t o  unders tand  oiir 

ph i losophy,  and w e  don't unders tand  t h e i r  ph i losophy,  and  F t s  kind of hard 

t o  g e t  t o g e t h e r  sometimes. So t h e r e  is  n o t  much I can say. 

DR. CURTXS: We g o t  o f f  t h e  de minimis t o p i c ,  bu t  1 t h i n k  i t ' s  impor- 

t a n t  t o  note  t h a t  t h e  budget w a s  i d e n t i f i e d  as a means of e x e r t i n g  come 

c o n t r o l  over t h e  d e c i s i o n s  t h a t  are made i n  t h e  r e g u l a t o r y  area. 

DR. JOLLEY: I ' d  like t o  insert a f u r t h e r  comment or  q u e s t i o n .  L e t ' s  

assume t h a t  w e  can d e f i n e  de minimis as t h e  normal. background a c t i v i t y ,  a 

niimber t h a t  would be v e r y  low. Arid l e t ' s  assume t h a t  t h e  p u b l i c  a c c e p t s  

tt, which, i n  my way o f  t h i n k i n g ,  may be q u l t e  q u e s t i o n a b l e  i n  view of 

publ-lc p e r c e p t i o n  of n u c l e a r  energy  now arid r a d i o a c t i v i t y  i n  genera l .  

we e x p e c t  t h e  o r d i n a r y  u t f l i t y  to have t h e  e x p e r t i s e  t o  count low-level 

a c t i v i t y  w e l l ?  Is i n s t r u m e n t a t i o n  a v a i l a b l e ?  Is Zt t o o  expensive? Some 

Can 
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o f  the low-level activity counting that we do at OWL, for example, is 

done in underground facilities, very well shielded. Of course, this is to 

get down to very, very low levels and may not be needed. But, i s  there a 

need to develop instrumentation, economical instrumentation that is good 

for this purpose? 

DR. CURTIS: I think whole-body counting equipment, such as the type 

that has been advanced by Lou Helgeson, is an example. He's got a quickie 

counter system, and I'm sure that with a little additional shielding and 

maybe a couple of bigger detectors you will be able t o  identify levels 

that even the public would accept: shce we're walking around with some 

levels of radioactivi ty in 11s. 

DR. JOLLEY: Dick, you seem to be knowledgeable about it. Could you 

give us a level of cost  of that type of instrumentation? 

DR. CURTIS: No. I can't address how much Lou Helgeson charges for 

his quickie counter but I know that DOE has been shielding large detector 

crystals and measuring the radioactivity in things for a long time. 

UNKNOWN: It's quite expensive. 

DR. CURTIS: I€ you can avoid having to pay $2100/m3 ($60/ft3) to 

dispose of some stuff, it will probably be cost-effective t o  have a room 

that you can pass known "low-level waste" through and demonstrate that it 

i s  "de minimis." Somebody in the industry i s  trying to s e l l  shielded 

boxes containing detectors in which you put a bag and say that it is low 

enough. I don't know the costs of these either. 

UNKNOWN: The easy  part of the problem is coming up with the money 

that is cost-effective, but setting the limits is difficult. 

DR. CURTIS: Take the radioactivity in God-given granite or uranium 

in sand and start from there - E don't know why the regulators don't start 

from there. 

PAUL WILLIAMS: Regarding low-level radioactive waste - we are in 
the same position as the nuclear power industry with one exception, namely: 

1. Institutionally and politically our creditability is questioned. 

2. Anything "nuelear" i s  an emotional rather than a factual issue. 

3.  The exception, in my opinion, is that positive actions are occurring 

regarding nuclear power and high-level radioactive waste. 

learnedaq are being applied, Quality Assurance (QA) has become a 

"'Lessons 
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p o s i t i v e  norm through u t i l i t y ,  I n s t € t u t e  for Nuclear Power 

Operat ions,  and t h e  NRC a c t i o n s ,  and t h e  i n d u s t r y  is doing a better 

j o b  of p u b l i c i z i n g  t h e  f a c t s .  

Tn t h e  LLRW area, w e  are more f r a c t u r e d  t e c h n i c a l l y ,  p o l i t i c a l l y ,  and 

i n s t i t u t i o n a l l y .  Many r e g u l a t i o n s  have been i s sued  but  not enforced,  and 

t h e  va r ious  methods of sh ipping  and s t o r i n g  waste as p resen t ly  used are 
d i f f i c u l t  t o  suppor t  because of l i m i t e d  t e c h n i c a l  data .  

No u t i l i t y  w i l l  i n v e s t  i t s  money i n  a new nuc lea r  system or  radwaste 

s y s t e m  when t h e  u t i l i t i e s  cannot reasonably p r e d i c t  the f i n a l  c o s t  o r  t h e  

long-term v i a b i l i t y  of equipment under f l u i d  r e g u l a t i o n s ,  t i g h t  f i n a n c i a l  

s i t u a t i o n s ,  and means a v a i l a b l e  t o  "get by" without  c a p i t a l  o r  mlnimal 

expense. The "what if" s c e n a r i o s  regard ing  radwaste equipment as i t  

relates t o  r e g u l a t i o n s  have forced  des igne r s  t o  b u i l d  almost un l imi ted  

f l e x i b i l i t y  i n t o  t h e  equipment which, of course,  e s c a l a t e d  t h e  p r i ce .  

Under t h e  above circumstances,  I suggest  t h a t  R&D e f f o r t s  should be 

d i r e c t e d  at def in ing  c r i te r ia  f o r  long-term d i s p o s a l  of LLRW. These cri- 

ter ia  should meet t echn ica l ,  i n s t i t u t i o n a l ,  and p o l i t i c a l  needs. The cri-  

t e r i a  should be f rozen  and enforced ,  provid ing  t h e  u t i l i t i e s  and waste 

gene ra to r s  a reasonable  t i m e  t o  comply. We can then  proceed r a t i o n a l l y  t o  

s e t t l e  t h e  LLRW ques t ion-  

Yes, t h e  u l t i m a t e  cri teria w i l l  probably end up wi th  a f a i r  amount 

of " o v e r k i l l "  from a t e c h n i c a l  s t andpo in t ,  and i t  w i l l  no t  be easy t o  

accomplish. However, i n  my opin ion ,  t h i s  w i l l  provide a r e l a t i v e l y  low- 

c o s t  s o l u t i o n ,  perceived by most t o  be e f f e c t i v e .  It w i l l  c e r t a i n l y  be 

less expensive and more e f f e c t i v e  i n  t h e  long t e r m  than present  practice; 

namely, most radwaste systems do not  meet t h e  cri teria necessary a t  t h e  

t i m e  of p lan t  i n i t i a l  opera t ion ,  hence c a p i t a l  budgets are wasted. 

J O E  WALDEN: I have a couple of comments t o  make. I haven't  been 

exposed t o  t h e  DOE s t a f f  except  f o r  t h i s  meeting and a few occasions i n  

Oak Ridge. 

d i r e c t e d  a t  t r y i n g  t o  determine t h a t  w e  need t o  improve technologies .  I 
th ink  some of t h e  R&D money should be d i r e c t e d  toward s e l l i n g  t h e  f a c t  

t h a t  t h e  present  technology of l a n d f i l l  techniques,  t h e  present  technology 

of t r a n s p o r t a t i o n ,  and items of t h i s  na tu re ,  are adequate  and t h a t  w e  have 

gane f a r  enough and w e  don ' t  have t o  go any f u r t h e r  i n  improvements (e.g., 

It looks l i k e  m o s t  of t h e  DOE R&D money and e f f d r t s  are 



changing r e g u l a t i o n s ) ,  We need t o  g e t  down t o  t h e  real. i s s u e s  such as de 

miniads,  w h i c h  I s  thti bor:tow l t n e  t h a t  w i l l  give us  t h i s  30 and 35% t h a t  

Udal1 s a y s  we m t t s t  o b t a i n  i n  shallow-land burial .  reduct ion .  The seeond 

comment: 1 have t o  make i s  t ha t  a couple  o f  the apceakci-s on t h e  pane l  

impl ied  o r  were p r e c o n d i t i o n i n g  us t o  accept the fact: t h a t  t h e r e  i s  an  

economic breakpoin t  i n  regard  t o  c o s t  vs volume reduction. They were 

t r y i n g  t o  g e t  us  t o  go back t o  OUT management t o  say  t h a t  no matter what 

w e  do, we c a n ' t  save any tnoiwy by fiapS.er~~entIrrg voLuine re&octi.orn. I th-l.nk 

we ought t o  go on record, as a n  i n d u s t r y ,  s a y i n g  that w e  don't go t h a t  

way. We have been working toward volume r e d u c t i o n  f o r  5 t o  6 years, and 

w e  are making some g d n s  i n  t h a t  arear To p u b l i c l y  say, as ari industry, 

t h a t  w e  don't need volume-=reduction improvements i s  i r r e s p o n s i b l e .  

DR, CRASE: We're not s i n g l i i l g  ou t  u t i l i t i e s  o r  anyone?. Miat wetre 

simply s a y i n g  1s t h a t ,  as the voliirne of waste d e l i v e r e d  t o  a b u r i a l  s i t e  

c o n t i n u e s  t o  gu down, t he  p r i c e  will go up, rest; G R S U ~ ~ ? ~ ,  because of the  

f ixed  c o s t  and such things as c o r p o r a t i o n s  reqrxlxing a p r o f i t .  Arid then 

on t o p  of t h i s ,  I think t h a t  one of t h e  areas f a c i n g  disposal sites, at 

l eas t  a t  U . S .  Ecology, which i s  a matter of auch concern,  I s  what the 

v a h e  o f  perpetmnal care and maintenance fee  should be and what i t  should  

take t o  c l o s e  a site.  W e  know what we. t h i n k  i t  w i l l  take.  NOW, we could 

reduce your p r i c e  by $ Z / € t 3  i f  Washington w o d d  no t  assess u s  a d d i t i o n a l  

p e r p e t u a l  care and maint:c.ssmance. The fund Is al.most $10 m i 1 . l f 0 . n ~  and they 

are  want ing $22. Now, how i n  the  world can you spend $22 m i l l i o n  i n  a 

desert s i t e ?  But those are t h e  k i n d s  QP- th ings  t h a t  have t o  cont i i lue,  

they  have to  g e t  t h e i r  share, the 33% gross revenue, Although the vol.uine 

goes down, t h e  economic. l e v e l  for US Ecology i s  f a i r l y  c o n s t a n t .  

Understandably,  i t  won't take as many people ,  as much excavat ion ,  and t h i n g s  

l i k e  tha t ,  bu t  t h e  f i x e d  costs go on. The l i e e n s i n g  f e e  is  r e q u i r e d ,  

whether  you bury one b a r r e l  o r  1 m i l l i o n  b a r r e l s ,  a l though that ' s  a l s o  

n e g o t i a b l e .  NOW I c a n ' t  say i t  d o e s n ' t  save  you money to volume seduce 

because everybody knows that  it wP11. Oh yes, it 'll save you i n t e r n a l l y ,  

b u t  1 don't know what the break-even po in t  is. For instance, if a l l  of 

you people who were reducing ,  compaeti.ng, e t c r ,  didn't compact waste and 

o m  volume. doubled, maybe I ' d  reduce prlccs.  I don't know, but  a l l  1 do 

know r i g h t  now i s  t h a t  il: is happenlng, aad t h e s e  are the f a c t o r s .  

However, i t  [:e-rtainky shou1.d not  'be i-caplied t h a t  you can't save money by 

reducing  voliirne. 
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BOB flAMSEY: I would  l i k e  t o  comment on t h l s  paradox o f  the p r i c i n g  
of bu r i a l ,  The f a c t  seems to he t h a t  t h e  more b u r i a l  space you have, the 

more expensive i t  ge t s .  T h i s  is because t h e r e  is  only so much waste f o r  

kurial, and more b u r i a l  grounds are l i k e l y  t o  wZnd up ui ideru t i l i zed  and, 

herice, cos t  more. One of the l i m i t a t i o n s  on b u r i a l  space i s  based oa 

time, Time has been set  by some of t he  states as t h e i r  c r f t e r i o n  for 

accepting a l i m i t e d  inventory  of waste. 

ical. 'The b u r i a l  ground may have a phys ica l  capac i ty  f o r  an extended t i m e  

in t h e  f u t u r e .  The t i m e  limit ref lects  the  f a c t  t h a t  t h e  r e a l  barrier to 
accep t ing  a d d l t i o n a l  waste and perpe tua t ing  the. tisefii lness of a s i t e  

a l r e a d y  dedica ted  t o  land b u r i a l  is political.. I believe that we have t o  

overcome t h e  same p o l i t i c a l  l i m i t a t i o n s  t o  get: new sites. It i s  physi- 

cally p o s s i b l e  t o  find new s t t e s  t h a t  are equa l ly  aeeepcable  as the ones 

WE are uslng, s o  t h e r e  Is no phys ica l  b a s i s  f o r  s c a r c i t y  of sites. The 

very s a m e  political. problem t h a t  l i m i t s  the t i m e  a v a i l a b l e  to use our  

existing b u r i a l  grounds must be solved t o  site new ones. Because 

extendlng the  p o l i t i c a l  acceptance of t h e  si tes a l r eady  i n  ex€s tence  is 

easier and more e f f i c i e n t ,  we should do every th ing  p o s s i b l e  t o  extend 

thetr lifetime by conserving t h e i r  b u r i a l  capaclty, T do not want to  pur- 

sue  the i s s u e  too much, but thLs reasoning of a p o l i t i c a l l y  imposed time 

rons t ra? in t  as opposed t o  physlcal c o n s t r a i n t  is  going t o  lead to too much 

b u r t a l  growid capac i ty ,  and t h i s  raises t h e  problem of how to j u s t i f y  

disposing of volume-reduced waste i n  b u r i a l  space that: has t o  rover l a r g e  

f i x e d  c o s t s  r e g a r d l e s s  of t h e  volume buried.  I conclude we have t o  use 

the b e s t  technology t o  reduce volume and conserve t h e  resuurce  of e x i s t i n g  

b u r i a l  space as well as immobilfze t h e  waste to ensu re  cont inued accep- 

tance of disposal .  

The l i m i t  is not n e c e s s a r i l y  phys- 

DR, ESWORTR: Well, we've reached 92 o'clock, but Bob was looking 

for a response. 

Et: I d m ' t  want t o  respond t o  t h a t ,  but  could I t a l k  about 

two other r e sea rch  i tems? W e  have t a lked  a great d e a l  about pub l i c  per- 

cep t ion*  Recent ly ,  New York CFty  announced that i t  had plutonium i n  the 

dr ink ing  water, and that d i d n ' t  seem t o  e x c i t e  t h e  p u b l i c  very much, 1 

tMnk i t  would be  very useful t o  look I n t o  why you can announce you have 

plutonium i n  your pub l i c  water supply and i t  doesn't seem t o  bother  any- 

body and, y e t  i f  you have i t  i n  a b u r i a l  ground 500 miles away, people get 
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t e r r i b l y  exc i t ed  about i t .  

addressed. 

'E t h ink  t h a t  phenomenon r e a l l y  deserves  t o  be 

U : Somehow, 1 t h ink  t h a t  t h e  statemenl came out  t h a t  i t ' s  not  

much d i f f e r e n t  than t h e  water  l e v e l  t h a t ' s  acceptab le .  

DR. PARKER: B u t  t h a t ' s  what we say  a l l  t h e  t i m e  about what comes out  

of t he  waste b u r i a l  grounds. 

UNKNOWN: But i n  t h e  same news art icles.  . . 
DR. PARKER: But why do you get such good p r e s s  on t h a t  t o p i c ,  such 

r e l a t i v e l y  unbiased covereage, r a t h e r  than t he  ABC type,  you know t h e  f i r e -  

unleashed type? 

UNKNOWN: Excuse me, as a New York C i ty  person, maybe 1 can put  i t  

i n t o  pe r spec t ive  a l i t t l e  b i t .  What w a s  causing people even inore concern 

a t  t h a t  po in t  w a s  t h a t  10% of t h e  New York Ci ty  water supply w a s  being 

pul led  out  of t h e  Hudson River  because of our drought condi t ions .  And so,  

i t  was a matter of  ex ten t  t o  comparative risks. 

DR, PARKER: Yes, but  t h e  word plutonium j u s t  a few years scared  t h e  

d e v i l  ou t  of people,and t h e  Nat ional  Council  of Churches sa id .  . . . 
UNKNOWN: That 's  r i g h t ,  t h e  New York City  Heal th  Commissioner s a i d  

t h a t  t hese  l e v e l s  were extremely low, and he  w a s  being be l ieved , .  

DR. P m R :  B u t  why? 

U W O W N :  The one th ing  t h a t  w e  thought was very i n t e r e s t i n g  i n  New 

York Ci ty  w a s  t h a t  t h e  d i r e c t o r  of t h e  NYC Of f i ce  of Radiat ion Cont ro l ,  

who has been the  major opponent t o  th ings  l i k e  t r a n s p o r t a t i o n  through t h e  

c i t y , h a s  not  been heard from. 

R: They must have s e n t  him ou t  of t h e  country.  

The comment d e a l s  with something 1 7 v e  not iced  i n  t h e  l i t e r a tu re  

d i s t r i b u t e d  here.  W e  have ca ta logues  of th lngs  t h a t  can be done, t h a t  are 

being done, y e t  w e  r e a l l y  don't  have a c r i t i ca l  a n a l y s i s  of how well t hese  

techniques work. I th ink  such a n a l y s i s  would be worth funding. Tn addi- 

t i o n ,  i t  would p inpoin t  t h e  research  t h a t  needs t o  be done or  could be 

done t h a t  would r e a l l y  make a quantum d i f f e rence .  I th ink  t h a t  i t 's  t h a t  

kind of meta-analysis t h a t  would be e x t r a o r d i n a r i l y  u s e f u l ,  and I th ink  t h a t  

i t ' s  been missing. 

DR. CRASE: L e t  m e  make j u s t  a comment about t h e  gentlemen who t a lked  

about t h e  e x i s t i n g  s i te .  We are probably a t  one- f i f th  capac i ty  a t  
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Richland; I th ink  w e  have used a t o t a l  of -18 acres out  of 100. The 

Nevada f a c i l i t y ,  of course,  Nevada is about 87% BLM land anyway, surrounds 

u s  i n  a l l  d i r e c t i o n s  as f a r  as the  eye can see. I can ' t  speak f o r  

Barnwell, bu t  w e  c e r t a i n l y  support  your approach t h a t  i f  i t  were p o l i t i -  

c a l l y  acceptab le  t h i s  country can g e t  by wi th  one site. 

CHUCK ALLEN: I would l i k e  t o  thank you f o r  t h e  oppor tuni ty  t o  par- 

t i c i p a t e  i n  t h i s  y e a r f s  workshop. I f e l t  t h e  broad c r o s s  s e c t i o n  of par- 

t i c i p a n t s ,  r ep resen t ing  indus t ry ,  academia, government, and t h e  l abs ,  

r e s u l t e d  i n  some very worthwhile exchange of opinions and ideas .  

One of t h e  areas of concern w e  have a t  !dEDL is  wi th  high-gamma 

wastes. Our s t u d i e s  and experience wi th  spent  FFTP f u e l  assembly com- 

ponents and o t h e r  waste forms i n d i c a t e  t h a t  t hese  types of wastes could 

become very c o s t l y  t o  handle,  package, c e r t i f y ,  shop, and s t o r e .  This  

will be even more t r u e  i f  some of t he  cri teria mentioned a t  the  conference 

(i.e., 1 rem/h max at 3m) are imposed by t h e  NRC. 

i n t e r e s t e d  in p a r t i c i p a t i n g  i n  a s tudy t o  address  i s s u e s ,  cri teria,  and 

technology i n  t h i s  area. W e  a l ready  have s i g n i f i c a n t  programs underway 

address ing  spent  f u e l  t r a n s p o r t a t i o n ,  but  we f e e l  a need t o  look a t  t h e  

whole i s s u e  from genera t ion  and t reatment  through t r a n s p o r t a t i o n ,  s to rage ,  

and d isposa l .  

HEDL would be very 

The above i s s u e s ,  as w e l l  as t h e  areas of '"orphan" w a s t e s ,  class D 

wastes, mixed wastes, etc. ,  should be addressed and resolved. 

DR. ROWERS: Don, i s n ' t  Canada going toward a minimum number of 

s i tes ,  while  we're going toward a l a r g e r  number of sites on a r eg iona l  

bas i s?  Would you g ive  u s  some b e n e f i t s  of t h e  Canadian experience? 

DR. CHARLESWORTH: Y e s ,  c e r t a i n l y  our Atomlc Energy Control  Board, 

which is our r egu la to ry  body, has  made it known t h a t  t h e  fewer sites t h e  

b e t t e r ,  as f a r  as t h e i r  input  i n t o  the  s i t u a t i o n ,  and w e  are a l s o  pushed 

in t h a t  d i r e c t i o n  because t h e  scale of ope ra t ion  is  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 is  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, and s o  I'd go along wi th  

Bob Ramsey's po in t  t h a t  t he  more we can g e t  ou t  of e x i s t i n g  s i tes ,  t h e  

b e t t e r .  

Okay, I guess I ended up being t h e  last speaker and would l i k e  t o  

thank the  audience. 





2. SUMMAR'LES OF SPECIAL WORKSHOPS 

2,1 WORKSHOP A: REMOVAL OF WATER PROM NUCLEAR POWER PLANT LOW-LEVEL 

RADIOACTIVE WASTES, M. PI. THOMAS, LEADER, AND ARLENE He KXBBEY, 

RECORDING SECRETARY 

The f i v e  s e q u e n t i a l  workshop ses s ions  on the  reinoval of water from 

ni-tclear power p l an t  waste streams focused on t w o  d i s t i n c t  areas of con- 

cern.  The f i r s t  area of i n t e r e s t  w a s  p u r i f i c a t i o n  of va r ious  waste 
streams where t h e  primary purpose i s  t o  p e r d t  recycl ing.  The second area 

of concern w a s  t h e  removal o€ water as p a r t  of condi t ion ing  a waste s t ream 

f o r  s o l i d i f i c a t i o n  or o t h e r  form p r i o r  t o  ultimate d i sposa l .  

With regard t o  t r e a t t n g  waste streams f o r  poss ib l e  recyc le ,  s e v e r a l  

issues were iden t i - f i ed  f o r  p o t e n t l a 1  r e sea rch  and development. 

1, S p e c i f i c  rad ionucl ide  concent ra t lon .  The techniques c u r r e n t l y  

used employ materials and/or  equipment t h a t  have a high s e l e c t i v i t y  f o r  

s p e c i f i c  i ons  or compounds. The r e s u l t  Is a d iv ided  waste stream wi th  

one p o r t i o n  being r a d i o l o g i c a l l y  d e t o x i f i e d  and t h e r e f o r e  s u i t a b l e  f o r  

recycle o r  r o u t i n e  release. The remaining po r t ion  coii tains t h e  con- 

taminants i n  concentrated form. A t  p re sen t ,  both i o n  exchange and 

hype r f f l . t r a t ion  are used t o  e f f e c t  such sepa ra t ions .  However, t h e r e  

i s  some concern over the r a d i o s t a b i l i t y  and q u a l i t y  c o n t r o l  of materials, 

hydrogen genera t ion ,  t h e  s u i t a b i l i t y  of applying t h e s e  techniques t o  

economically high-value streams such as r e a c t o r  coo lan t ,  and compati- 

b F l i t y  d . t h  c u r r e n t l y  used waste s o l i d i f i c a t i o n  media (i*e., long-term 

waste form s t a b i l i t y ) .  

I n  t h e  f u t u r e ,  the concent ra t ion  of s p e c t f i c  rad ionucl ides  has  t h e  

p o t e n t i a l  € O K  conver t ing  c u r r e n t  w a s t e  materials i n t o  resources  for use  

i n  by-product programs. 

2. Ana ly t i ca l  procedures and equipment. P l a n t  ope ra to r s  need quick,  

a c c u r a t e  c a p a b i l i t i e s  f o r  performing a wide v a r i e t y  of trace contaminant 

ana lyses ,  e s p e c i a l l y  f o r  r e a c t o r  coolant .  There is a growing recogni t ion  

t h a t  both p u r i f i e d  f r e s h  (makeup) water and t r e a t e d  r e a c t o r  coolant  con- 

t a i n  traces of contaminants t h a t  adverse ly  a f f e c t  long-term r e a c t o r  per -  
formance, which, i n  t u r n ,  can in f luence  waste genera t ion .  
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3 .  Multiple-unit operations. The perfornnance of traditional water 

purification equipment, such as evaporators and ion exchangers, can be 

dramatically affected by upstream unit operations. There is a need to 

identify and quantify this synergism i n  an effort to irnprovc overall 

system performance at lower cost. 

4 .  Fundamental chemistry. There is a basic lack of understanding 

of the fundamental cliernistry of the various liquid streams in a nuclear 

power plant. This lack of accurate information has resulted in misappli- 

cation of existing technology, poor long-term plant performance, and 

higher costs in both actual dollars and in radiation exposure to workers. 

In the area of removal of water from waste prior to ultimate dis- 

posal, the following concerns were identified. 

1. Waste-form stabil9. There is insufficient knowledge o f  the 

effects of water on long-term waste-form stability. Specific issues are 

the integrity of the monolith, gas generation, freezelthaw reststance 

(especially during interim on-site, above-ground storage), and leachability 

performance. A scientific basis i s  needed for deciding how much water (or 

other constituent) is appropriate for optimum long-term stability. 

2. Basic chemistry. Just as in the case of precise, in-plant, fun- 

damental chemistry, there is a paucity of data to support waste burial 

site regulators and operators in developing appropriate restrictions or 

requirements on waste form and disposal practice. Maximum use of existing 

performance requirements is often not realized because of the lack of 

knowledge of the basic chemistry involved, 

3. Ion exchange resins and high-integrity containers (BICs)*  

Disposal policies on waste resins are not well founded on accurate scien- 

tific data. Information gaps exist with respect to: 

a. the long-term stability and/or degradation of resins, 

b.  the effects of water on biodegradation, 

C .  the correctness of high-efficiency dehydration of resina for 

volume reduction, with due consideration to the fact that. they 

will be placed in containers that are not gas tight and then 

buried in soil saturated with moisture, 

d. the ability to nondestructively verify the water content of 

packaged resins, 
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e. t h e  long-term compa t ib i l i t y  of HIC m a t e r i a l s  wi th  spent  r e s i n s ,  
and 

t h e  lack of a f i rm chemical d a t a  base t o  suppor t  t h e  des ign  of 

advanced r e s i n  dry ing  systems and i n t e g r a t f o n  wi th  s o l i d i f t e a t i o n  

systems. 

System o r  process  i n t e g r a t i o n .  Much needs t o  be done t o  proper ly  

E. 

4 .  

develop new equipment and procedures  f o r  nuc lea r  waste t reatment .  

However, power p l a n t s ,  i n  gene ra l ,  have i n s u f f i c i e n t  t i m e ,  manpower, and 

f i n a n c i a l  resources  t o  c a r r y  out  t h e  d e t a i l e d  s t u d i e s  and tests t h a t  are 

requi ted .  There i s  a l s o  a need f o r  g r e a t e r  i n t e g r a t i o n  of technology 

development t h a t  w i l l  r e q u i r e  t h e  fol lowing:  

a. d e f i n i t i o n  of t h e  d e s i r e d  end products  o r  products  accep tab le  f o r  

long-term d i sposa l ,  

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

a p p r o p r i a t e  dewatering technologies ,  

C .  examination of e x i s t i n g  technology for 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 ,  and 

d. coopera t ive  development and sha r ing  of resources  among t h e  

f e d e r a l  government, t h e  u t i l i t i e s ,  and equipment vendors. It 

i s  clear that: n e i t h e r  t h e  u t i l i t i e s  nor equipment vendors have 

the resources  necessary t o  suppor t  fundamental r e sea rch  and 

p ro to type  development under c u r r e n t  market condi t ions .  

While some workshop p a r t i c i p a n t s  maintained t h a t  t h e  necessary pro- 

ces s ing  technology w a s  a l r eady  in place  and t h a t  a l l  LLRW problems are 

pure ly  s o c i a l  and p o l i t i c a l ,  the major i ty  agreed t h a t  there are s i g n i f i -  

can t  d a t a  gaps,  and t h e r e  i s  a d e f i n i t e  need t o  put  LLRW process ing  on a 

f i r m e r  s c i e n t i f i c  basis. 

t h e  problems are most d e f i n i t e l y  so lvab le  wi th  a s t r a igh t fo rward  commit- 

ment of appropr i a t e  resources .  The b igges t  need i s  f o r  t h e  nuc lear  

i n d u s t r y ,  w i th  government suppor t ,  t o  se ize  t h e  i n i t i a t i v e  and abandon i t s  

p resen t  r e a c t i v e  posture .  

A t  t h e  same t i m e ,  a l l  would l i k e l y  agree  t h a t  

A thorough review and eva lua t ion  of p a s t  ope ra t ing  experience w a s  

suggested as the b a s i s  f o r  planning f u t u r e  R&D. Severa l  problem areas 

t h a t  are p e c u l i a r  t o  nuc lear  power p l a n t s  w e r e  c i t e d  f o r  group con- 

s i d e r a t i o n  and d iscuss ion .  Some have been long-standing problems f o r  
which a t tempts  have been made a t ,  a t  least ,  p a r t i a l  so lu t ions .  There are 
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now c o n s i d e r a b l c ,  albeit unca ta logued ,  d a t a  on matestals and equipment  

performance, rnajntenance costs, t h e  adequacy of plank and process design, 

and  the i d e n t i f i c a t i o n  of u n a n t t e i p a t e d  fac tors  t h a t  have had bearcng on 

the s u c c e s s  o r  f a l l u r e  of n u c l e a r  as an  energy op t ion .  ,4re wc u s i n g  tlnis 

backlog of i n f o r m a t i o n  t o  i t s  f u l l e s t  advantage i n  c o n t i o l l i n g  waste 

g e n e r a t i o n  and f ina l l  d i s p o s a l ?  Many p a r t i c i p a n t s  t hough t  that  DOE should 

be t h e  a p p r o p r i a t e  a r b i t e r .  

Sometimes n e w  t e c h n i q u e s  f o r  s o l v i n g  o l d  problems 31: doing r o u t i n e  

tasks more e f f i c i e n t l y  g i v e  rise t o  new q u e s t i o n s  that  may r e q u i r e  answers 

i n v o l v i n g  iinknown var I  ables. H i n t s  of many such q u e s t  i o n s  surf aced d u r l n g  

t h e  workshop s e s s i o n s  p e r t a i n i n g  t o  t h e  ri*reoval of water from LLKV, The 

most impor t an t  p o i n t s  of d i s c u s s i o n  are p r e s e n t e d  i n  t he  f o l l o w i n g  see- 

t l o n s .  

eURiFICATION OF WATER AND RELATED CLEANUP MATERIALS FOR RECYCLE 

Quick, a c c u r a t e  procedures f o r  t h e  d e t e r m i n a t i o n  o f  traces s f  such 

organic  contaminants  as o i l s ,  hydrocarbons,  and g l y c o l s  i n  r a w  (make up)  

water and i n  r e c y c l e  water a t  power p l a n t s  are n ~ t  a v a i l a b l e .  The devcl- 

opinerat of such p rocedures  could have a h i g h  economPc payof f  since an 

a g r e s s i v e  reeycle program [i.e. -38,000 L/rrionth (-10,000 gal/month)] i s  

extremely experasive. Op t imiza t ion  of e v a p o r a t o r  d e s i g n  ( m a t e r i a l s  of 

c o n s t r u c t i o n ,  i n s t r u m e n t a t i o n ,  etc.), together w i t h  improved performance 

attained by o p e r a t o r s ,  might a c h i e v e  h i g h e r  decon tamina t ion  f a c t o r s  

( f  eed-to-eondensatIe c o n c e n t r a t i o n  r a t t o s )  thae would p e r m i t  greater  vol-  

umes of water t o  be r ecyc led .  Mas-Lc e n g i n e e s l n g  s t u d i e s  on evaporator  

design would p reven t  m i s a p p l i c a t t o n  and t h e r e f o r e  minimize waste genera- 

t i o n  i n  t h e  long run. 

The removal of s p e c i f i c  i o n s  ( e e g . ,  CP- Tram b o r l c  a c i d  e v a p o r a t o r  

bottoms a t  P W k )  could o f t e n  make r e c y c l e  p o s s i b l e  i n s t e a d  of d i s p o s a l ,  

depend ing  on t h c  eronomic t r a d e - o f f s .  S p e c i a l  t a i l o r e d  r e s i n s  may make 

s p e c i f t c  i o n  removal f e a s i b l e ,  but R&D i s  needed to undcrstawd and u t i l i z e  

t h e  mechanisms irnwolved. The u s e f u l n e s s  of KPW prubclcta, such as o r g a n i c  

r e s i n s  bonded t o  g lass ,  should be investigated. 

Lon exchangrr, i n  g e n e r a l ,  has not  been wsll understood and opt imized 

a t  n u c l e a r  power p l a n t s .  Mocc study is  needed t o  improve the predic-, 

t a b i l i t y  of t h e  ion-exchange behav io r  of the v a r i o u s  ionic species found 
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in p l a n t  streams. The chemical forms of t h e  ions, as w e l l  as t h e  radlo-  

s t a b i l i t y  and t h e  limits oE r e s i n  q u a l i t y  assurance,  should be examined. 

The e f f e c t s  of ag ing  oE r e s i n s  i n  a nonradioac t ive  environment have not  

been f u l l y  eva lua ted ,  e s p e c i a l l y  wi th  regard t o  changes i n  capac i ty  and/or  

s e l e c t i v i t y .  

F i l t r a t i o n  i s  widely used f o r  stream cleanup i n  nuclear  power p l an t s .  

However, improved methods are needed f o r  determining and comparing t h e  

decontaminat ion f a c t o r s  obtained by f i l t r a t i o n .  

S ince  t h e  advent of 10 CPIl 61,  t h e  frequency of changeout of t h e  

f i l t e r  c a r t r i d g e  has s i g n i f i c a n t l y  increased .  To avoid t h e  expense of 

havdng t o  s t a b i l i z e  and s h i p  Class B waste, many p lan t  ope ra to r s  have 

e l e c t e d  t o  change c a r t r i d g e s  while  they remain i n  t h e  lower Class A cate- 

gory.  There are f i l t e r  c a r t r i d g e s  in some p l a n t  l o c a t i o n s ,  however, t h a t  

make a Class A changeout impractical. If a way could be found t o  r euse  o r  
r e c y c l e  f i l t e r  c a r t r i d g e s ,  a g r e a t  e c o n o d c  b e n e f i t  would be experienced 

by t h e  u t i l i t i e s .  The R&D work r equ i r ed  i n  such an undertaking would prob- 

a b l y  be so  ex tens ive  t h a t  i t  would r e q u i r e  t h e  coopera t ive  e f f o r t  of t h e  

f e d e r a l  government. 

H y p e r f i l t r a t i o n  can augment evaporat ion.  Although i t  has  a low 

decontaminat ion f a c t o r  (DF) f o r  Cs, t h e  DFs for o t h e r  elements are much 

h l g ’ h t ~ ,  t hus  al lowing f o r  good s e p a r a t i o n s  i n  some a p p l i c a t i o n s  (perhaps 

a p p l i c a b l e  i n  Cs/Sr sepa ra t ion ) .  

developed a t  OWL i s  being t e s t e d  a t  SRL. More r e sea rch  should be done on 

rhe in-place chemistry of t h e  waste streams where i t  is appl ied .  

H y p e r f i l t r a t i o n  technology t h a t  w a s  

Reverse osmosis (RO) has  been used s u c c e s s f u l l y  f o r  the s e p a r a t i o n  of 

boron from silica i n  power p l a n t  process  streams. However, o t h e r  appl ica-  

t b n s  have r e s u l t e d  I n  two ( r a t h e r  than  one> r a d i o a c t i v e  streams, A 

q u e s t i o n  regard ing  the p o t e n t i a l  f o r  e f f e c t i v e  use of RO i n  power p l a n t s  

remains unresolved. ‘This may be worthy of more i n v e s t i g a t i o n .  

THE PRESENCE OF WATER IN WASTES SENT TO INTERIM STORAGE AND FINAL DISPOSAL 

The e f f e c t s  of w a t e r  i n  waste forms t h a t  are s e n t  t o  i n t e r i m  s t o r a g e  

~r f i n a l  d i s p o s a l  need b e t t e r  i d e n t i f i c a t i o n .  Also needed is a scien-  

t i f i c a l l y  based d e f i n i t t o n  of t h e  accep tab le  lower l i m i t  f o r  water conten t  

( t h e  1% c u r r e n t l y  used is  an assumed des ign  value) .  In t h e  p a s t ,  a 
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1’1/2-year e f f o r t  w a s  put  i n t o  t h e  development of in te rna l .  sc reens  f o r  

dewater ing r e s i n s  in l i n e r s ;  a r e s i d u a l  water conten t  as l o w  as 0.022 w a s  

achieved-  Is t h i s  s u f f i c i e n t ?  

The development of nondes t ruc t ive  means t o  measure t h e  water conten t  

of packaged waste i s  needed. The adequacy of t h e  praetice of lowering a 

probe i n t o  a con ta ine r  is ques t ionable ,  since conta€ners  t h a t  have been 

“dewatered” s t i l l  o f t e n  develop “puddles.“ The r e t e n t i o n  of water during 

t r a n s p o r t  should be looked a t  t o  determine the causes of water sepa ra t ion ;  

i t  may be a func t ion  of t i m e ,  temperature ,  shock, some o t h e r  va r i ab le ,  o r  

a combination of these.  

Some ques t ions  t h a t  need d e f i n i t i v e  answers are: 

1. Is low-temperature drying of r e s i n s  adequate;  and how much 

dry ing  i s  necessary? 

2, Does 1.t. make sense t o  dry r e s i n s  beyond t h e  normal atmospheric 

moisture  conten t ,  e s p e c i a l l y  i f  they  are placed in containers t h a t  are 

n o t  gas  t i g h t  and are buried i n  moisture-saturated soil? W i l l  t h e  i n -  

leakage of water cause swe l l ing  and p res su re  bui ldup t h a t  could rup tu re  

t h e  conta iner?  

3. How much in f luence  do “ i n t e r n a l ”  and  external'^ water i n  packaged 

r e s i n s  have on r a d i o s t a b i l i t y  and b i o l o g i c a l  degrada t ion  of both t h e  r e s i n  

and t h e  con ta ine r?  How much does i t  c o n t r i b u t e  t o  gas genera t ion?  

4 .  Rockwell has  a skid-mounted, mobile r e s i n  d rye r  t h a t  should be in 

t h e  f i n a l  des ign  s t a g e  e a r l y  next year  (1986) .  

i t  under a c t u a l  p l an t  ope ra t ing  cond i t ions ,  and Sacramento Municipal 

U t i l € t y  Dis t r ic t  (SMUD) may be w i l l i n g  t o  volunteer  p a r t i c € p a t i o n  i n  such 
a tes t  a t  Rancho Seco nuc lear  power s t a t i o n .  Would DOE cooperate? 

They are w i l l i n g  t o  test 

5. Since thermal removal of water  from waste ( o r  waste streams) i s  

very energy i n t e n s i v e ,  would t h e  use of microwave drying techniques be 

a p p l i c a b l e  and economical? 

6 .  Could s o l a r  drying of r e s i n s  be used? 

7. Row do t h e  end-products o f  r e s i n  breakdown in r a d i a t i o n  f i e l d s  

a f f e c t  t he  i n t e g r i t y  of H I C s ?  

8. Waste t h a t  i s  t r e a t e d  wi th  a “super-compacto~“ y i e l d s  some f r e e  

l i q u i d .  The na tu re  of t h i s  “ j u i c e “  needs t o  be i d e n t i f i e d  and i t s  e f f e c t  

on con ta ine r s  determined. Is i t  t o x i c  o r  cor ros ive?  
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9. To what extent is hydrogen gas generated during transport of 
nuclear wastes, especially spent resins? Should packages be vented (or 

not) for safety? 

10. How adequately can hydrogen generation in packages be controlled by 

catalysts ? 

11. What is the diffusion rate of hydrogen through various types of 
packages, including H I C s ?  

Additionally, a data base on dewatered spent resins should be devel- 

oped. Among useful items that should be included are density and chemi- 

cal loading. The correlations that have been established between the 

TMI-2 resins and those from normal power plant operations should also be 

Incorporated. 

The economic viability of various methods of waste immobilization 

need unbiased study, perhaps at a university. Task studies should be done 

to establish safety criteria. A definition of acceptably safe solids i s  

needed to answer questions such as: 

1. Do ion exchange resins really need to be solidified (i-e., incor- 

porated i n t o  a monolithic matrix)? 

2. Are i r o n  filings useful as an immobilization medium? 

It: is known that some substances occurring i n  waste streams (e-g., 

borates, chelating agents, some ions, such as sulfate and chloride) can 

affect the solidification process i n  some media. Quantitative correla- 

tions based on the chemistry of the various solidification mechanisms 

should be established. 

Waste immobilization must include consideration of the waste con- 

talner itself. A question has been raised as to the sultability of the 

new N I C s  for use in the interim storage of wastes. It is known that they 

are degraded by ultraviolet (UV) radiation, but  the length of time 

i n v o l v e d  has not  been precisely determined, and the actual shelf life of 

new HhGs  has  no t  been established. Covering these containers w i t h  black 
bags Pias been suggested as a means of prolonging the shelf IALfe, but the 

effectiveness of this method needs evaluation. Apparently, once in the 

ground, there are -25 years of experience that indicate that HICs w i l l  

perform satisfactorilyD However, in view of  the relatdve3.y short lffe of 
HLCS @ X p ~ ~ s e d  to light, S Corp, is taking t h e m  off the market and 4s 
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recommending s o l i d i f i c a t i o n  of waste i n  polymer or  packagLng in 

"supermetal"  c o n t a l n c r s .  The cos t  of s u b s t i t u t i n g  o the r  materials f o r  

polyethyl.ene i n  H I C s  should  be determined., 

Ceram3.c c o n t a i n e r s  for  n u c l e a r  wastes have beea suggested, but sioce 

most r a d i o a c t i v e  wastes are n o t  as "bad'* as many clxernical. wastes, such  

d r a s t i c  t r e a t m e n t  ]nay be unwarranted. If s c i e n t i f i c a l l y  hased  release 

l i m i t s ,  and not  p o l i t i c a l  advantage,  are the d e c i d i n g  factors ,  eerawics 

w o a l d  be u s e f u l  f o r  c o n t a i n i n g  T,I,RW i n  only  a s m a l l  number o f  e x c e p t i o n a l  

cases. 

The u s e  of g a s - t i g h t  c o n t a i n e r s  f o r  "super  compacted'* wastes, wkilch 

become dehydrated i n  t h e  compaction p r o c e s s ,  needs evaluatl .on.  Such 

wastes mag r e a b s o r b  water from the air with  subsequent  swelling that  cou1.d 

r u p t u r e  t h e  c o n t a i n e r .  New ' 'Hfgl~-G~' c e n t r i f u g e s  a l s o  are capable  of pro- 

ducing  such waste forms; some unsolved problems may be a s s o c i a t e d  w i t h  the  

t r a n s f e r  o€ t h e  waste s o l i d s  from the High-G machine t o  an HIC.  

Volume r e d u c t i o n  of wastes dready g e n e r a t e d  has become a uajor goal 

i n  r e c e n t  years  due t o  t h e  fear  that  b u r i a l  space w f l l  soon be una- 

v a i l a b l e .  Recent ly ,  i t  has  been recognized that: a more c r i t i c a l  e v a l -  

u a t i o n  of volume r e d u c t i o n  i s  needed, e spec ta l ly  wdth a t t e n t i o n  t o  t h e  

t r a d e - o f f s  involved  i n  small-volume, high-act:iuf.t:y vs larger-volume, 

low-as t iv i  t y  s o l i d s .  Exposure t r a n s p o r t a t i o n ,  and b u r t a l  grc9und c o s t s  

are among t h e  item that mst be cons idered .  lh..ere i s  purnp-lng a r d o r  

c e n t r l f u g a t i s n  p r e f e r a b l e  t o  i n c i n e r a t i o n  in t h e  l i g h t  of t h e s e  con- 

s i d e r a t i o n s ?  

1,iiiaitations on t h e  use5 of i n c i n e r a t i o n  fo r  t h e  volume r e d u c t i o n  of 

power p l a n t  wastes need t o  be d e f i n e d ,  e s p e c i a l l y  f o r  r e s i n s .  The  incin-  

e r a t i o n  of higl;tl-aetivlty r e s i n s  could cause a maintenance nightmare acid 

the i n c i n e r a t i o n  of lov-activity resins can,  in t h e  end, create high- 

a c t i v i t y  r a d i a t i o n  f i e l d s .  (The m e  of pyrohydrolys is  i n  t h i s  a p p l i c a t i o n  

may be a v i a b l e  a l t e r n a t i v e ,  and our Canadian c o l l e a g u e s  are looking a t  

th is  p o s s i b i l i t y .  ) 

The W'L'ECII systems a n a l y s i s  program, developed by T A X ,  i s  designed 

t o  do economic e v a l u a t i o n s  of seve c a l  volume-reduction o p t i o n s  f o r  any 

type  of LWX p l a n t .  The economic f a c t o r s  constt iered are c a p i t a l  and 
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onera t ing  c o s t s  f o r  t h e  a l t e r n a t i v e  YB technologies;  b u r i a l  c o s t s ,  with a 

range s f  p o t e n t i a l  e s c a l a t i o n  sates; and storage and t r a n s p o r t a t i o n  c o s t s ,  

The eva lua t ions  are aimed a t  ob ta in ing  r e p r e s e n t a t i v e  costs and a t  iden- 

t i f y i n g  dominant cost f a c t o r s .  There are s i t u a t i o n s  where volume teduc- 

t i o n  may not  be economically advantageous. One must cons ider  the  e f f e c t s  

of 10 CPft 6 1  on waste classification and t h e  a s s o c i a t e d  t r a n s p o r t a t i o n  

requirements  as w e b 1  as h t i r t a l  cos t s .  

13bC5, and ' i7Cs are t h e  main cons idera t ions .  

inc luded  i n  t h e  VRTECH model, the f e a s i h l l i t y  of v i t r i f i c a t i o n  as a means 

of volume reduclng LlJR low-level wastes may be worth study. S a l t  dewa- 

t e r i n g  m y  also have u s e f u l  app l i ca t ion .  

I n  handl ing r e a c t o r  wastes, "'Co, 

Although i t  is not now 

The TVA once thought t h a t  i n c i n e r a t i o n  would put  rad ioac teve  r e s i n s  

Lnto  the most s t a b l e  form h u t  public. r e s i s t a n c e  precluded f u r t h e r  s tudy.  

It Et; f e l t  t h a t  f u l l - s c a l e  demonstrat ions would h e l p  with understanding 

some of t he  lesser-known technologies .  For example, mote development work 

i s  needed to s tudy  such a spec t s  as c leaning ,  cor ros ion ,  and maintenance. 

The u n c e r t a l n t i e s  10 s t u d i e s  of such magnitude make them t o o  r i s k y  f o r  a 

u t - l l i t y  t o  undertake on i t s  own. Since more R&D w i l l  no t  make some 

methods work, m 5 r e  thought should be d i r e c t e d  toward t h e  end application. 

Frequent ly ,  a good technology is improperly appl ied.  The a p p l i c a t i o n  of 

var lous  tsehnologfes to t h e  jobs  t o  be done should be examined t o  de te r -  

m i n e  if an appropr i a t e  technology e x i s t s .  The DOE.shsuld support  p r i v a t e  

i n d u s t r y  f i n a n c i a l l y  so  t h a t  the R&D needed t o  solve t h e  problems of t h e  

nuc lea r  i ndus t ry  could be performed, 

Zt is almost: impossible  t o  write s p e c i f f c a t i o n s  t i g h t  enough t o  cover 

all p o s s i b i l i t i e s .  It should be noted t h a t  Japan has R&D c e n t e r s  with 
f u l l - s c a l e  equipment f o r  t e s t i n g ,  which e l imina te s  ""cut t ing  corners" t h a t  

s o  o f t e n  l ead  t o  i n f e r i o r  r e s u l t s .  Recent ly ,  TVA has been successful i n  

g e t t i n g  only f o r e i g n  b idders  on jobs.  This  has  created t h e  feeling that 

DOE needs to work more c lose ly  w i t h  the indus t ry  as a whole. 

P l a n t - s p e c i f i c  functions and problems need study. Also, the 

synergism t h a t  could occur i n  t h e  nuc lear  i n d u s t r y  through combining 

wastes Erom d i f f e r e n t  o r i g i n s  fo r  use  in new a p p l i c a t i o n s  (e .g . ,  food o r  
sewage I r r a d i a t i o n )  should be encouraged. In t h e  r o l e  of " in t eg ra to r , "  
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t h e  DOE should make use o€ u n i v e r s i t i e s  t o  review the l i t e r a t u r e  and 

determine i f  some processes  t h a t  were r e j e c t e d  as inadequate  OF unimpor- 

t a n t  i n  the  p a s t  m y  now be u s e f u l  because of changed condi t ions .  

The e f f e c t s  of f reeze / thaw on wastes i n  i n t e r i m  s t o r a g e  and t h e  ade- 

quacy of present  waste €arms under a v a r i e t y  of condi t ions  inc luding  engi- 

neered s to rage  should be s tudied .  The trade-offs i n  t h e  "French Approach*' 

t u  LLRIJ d i s p o s a l  should be evaluated.  

French, t he  problem is  energy -- not waste! Money is spen t  up f r o n t  on 

c e n t r a l  f a c i l i t l e s ,  which makes the w a s t e  con t ro l l ab le .  The French 

method s h o d d  be brought t o  t h e  a t t e n t i o n  of t h e  11,s. public. t o  show t h a t  

i t  can be done. Addi t tona l ly ,  r i s k  analyses need t o  be made with regard 

t o  many power p l an t  opera t ions  t h a t  t he  general pub l i c  perce ives  as 
dangerous ( t h i s  could inc lude  near-surface land d i sposa l ) .  

It - is expensive,  but for t h e  

Beyond t h e  present state-of- the-ar t ,  new technologies  should be devel-  

oped SQ t h a t  they a r e  ready and operable  i f  o r  when c a l l e d  f o r  by regula- 

t o r s o  Where proven technologies  a l ready  exis t ,  a s t r o n g  federal .  po l i cy  3s  

needed to opt imal ly  u t i l i z e  them. Perceived needs now may be diEferent  i n  

t h e  f u t u r e  due t o  changes i n  r e g u l a t i o n s  o r  j w t s d i c t i o n .  For example, 

l e a c h a b i l i t y  indexes f o r  s ~ m e  i so topes  are not  requi red  a t  p re sen t ,  but 

t h e r e  is no assurance t h a t  they w i l l  not be I n  the f u t u r e ,  or agreement 

s ta tes  m y  have more r i g € d  requirements than  now exisk under NRC regula-  

tion. On t h e  o t h e r  hand, ea s ing  of  r egu la t ions  on the  release limits €or  

some chemical c o n s t i t u e n t s  i n  t h e  waste (e.gP, 8 3 B O 3 )  could make formerly 

r e j e c t e d  t rea tment  methods acceptable .  

There i s  a need for def in i t i -on  of BRC (%.ee, "de minimis@') waste. 

Curren t ly ,  t h e  DOT va lue  of 2 nCi/g is being used by TVA and o t h e r s  

because another  d e f i n i t i o n  i s  lacking.  C l a r i f i c a t i o n  o f  what is  requ i r ed  

regard ing  uni formi ty  of shipping manffests is  a l s o  needed, The b u r i a l  

grounds f e e l  t h a t  the. present  requtrements are sufficient, They do not: 

f e e l  that they should be respsnaibBe f o r  chemtcal surveys,  It i s  t r u e  

that they cannot answer all. spec i f j t r  ques t ions  about t h e  wastes disposed 

of' at their sites because the sh ippe r s  are anor r eqa t r ed  to l ist  some 

tnformtioa that  would answer these?. ques t ions ,  Fore example, uttlities are 

not requi red  ts report the plutaYnPum content o f  t h s i r  low-IIeve.1, radioac- 

t i v e  wsstew, 'The attlit-les of ten  feel that too much is requilred of them 
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a l ready .  For in s t ance ,  t h e  a c t i v i t y  on spen t  deminera l izer  r e s i n s  i s  con- 

c e n t r a t e d  i n  bands, but  t h e  o v e r a l l  dose reading  on a con ta ine r  does not  

r e f l e c t  t h i s .  Th i s  tends  t o  make the reading  estimates given on t h e  

sh ipping  maniXests too high ,  and they  are charged accordingly.  More e f f i -  

c i e n t  ways of package scanning should be developed to alleviate the 

problem. I n  t h e  same vein,  spent  f i l t e r  c a r t r i d g e s  can be s o l i d i f i e d  Fn  

H L C s ,  but  t h i s  is not LSA waste. An overweight Type B cask,  which is 
r e s t r i c t e d  t o  hold ing  only f o u r  c a r t r i d g e s ,  would be r equ i r ed  €or  ship-  

ment. Any s h i e l d i n g  t h a t  is used may not  be included when averaging t h e  

o v e r a l l  a c t i v i t y .  New r e g u l a t i o n s  o r  cheaper handl ing methods should be 
developed f o r  spent  c a r t r i d g e  f i l t e r  shipments. 

C l e a r l y ,  s o l u t i o n s  must be found f o r  t h e  t e c h n i c a l ,  legal, and pure ly  

s o c i a l  and p o l i t i c a l  problems that overshadow t h e  en t i re  nuc lear  i n d u s t r y  

a t  t h i s  t i m e .  In the presen t  s i t u a t i o n ,  the u t i l i t i e s  have been forced  

i n t o  s u r v i v a l  planning. 
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2.2 WORKSHOP B: THERMAL, PHYSICOCHEMICAL, AND BIOLOGICAL TREATMENT, 

B e  G .  POST, LEADER, AND Sm D. CLINTON, RECORDING SECRETARY 

2.2,l Overview 

The scope of the workshop was modified during the discussions. In 

essence, the scope includes biological and chemical treatment of waste. 
Because of its relationship t o  the systems, we considered ion exchange to 

be a unit operation for consideration. Electrolysis was limited to the 

recovery or precipitation of ionic species. 

The purposes of the treatment options for low-level radioactive waste 
are : 

1 volume reduction, 

2. immobilization, and 

3. reduction of hazards due to nonradioactive materials. 

The workshop believed that the order of importance for decision making is: 

1. regulatory requirements, 

2. political and public perceptions (note that regulatory requirements 

are responsive to public perceptions), 

3. economic optimizations, and 

4 .  meeting of technical and operational requirements. 

The state of technology on the dtfferent unit operations was not a 

consensus opinion. Commercial systems for nuclear plants are restricted t o  

ion exchange and incineration (with incineration, the operation is j u s t  

beginning), 

electrolysis, and acid digestion, with oxidation-reduction very close 

behind. Wet-air oxidation appears t o  be a feasible process but: requires 
more pilot plant demonstration. 

f u r  biological processes. 

Those processes ready for commercialization include smelting, 

The workshop groups could find RQ utility 

The problems delineated below may only be partially resolved by 

additional research and development. An overriding concern of the groups 

was the unknowns in regulatory and economte factors, particularly w i t h  
regard to the waste acceptance criteria and charges t o  be assessed by the 

state compacts operating the f u t u r e  disposal sites. 

The problem areas are: 

1 .  high capital costs f o r  incineration and other such chemical 

unit opera t ions ,  



2. t e c h n i c a l  f a c t o r s ,  

a. ope ra t iona l ly  safe des igns ,  

b.  ch lo r ides  and o t h e r  off-gas p o l l u t a n t s ,  

c. c e r t a i n  chemical and b i o l o g i c a l  hazards ,  and 

d. capac i ty  l i m i t s  imposed by nonradioac t ive  salts-  

Poss ib l e  s o l u t i o n s  for problems a s soc ia t ed  with i n c i n e r a t o r s  are: 

1 .  Es tab l i sh ing  r e g i o n a l  systems t h a t  have economic and ope ra t iona l  

advantages which are not  ye t  q u a n t i t a t i v e l y  defined. 

cheaper u n i t s  means compromising t h e  off-gas system, which reduces 

t h e  f l e x i b i l i t y  t o  handle  a wide v a r i e t y  of r ad ioac t ive  waste. T h i s  

may be a l l e v i a t e d  by reducing or e l imina t ing  waste t h a t  has unde- 

s i r a b l e  of E-gas cainponents. 

Designing 

2. Assessing maintenance and consequent r a d i a t i o n  exposure l e v e l s ,  

3 .  Evaluat ing a l t e r n a t e  systems. These Include: (a) ac id  d iges t ion ,  

which may accept  some w a s t e  not s u i t a b l e  €or  i n c i n e r a t o r s  but does 

not p e r m i t  HC1-producing waste,and i t  is  d i f f i c u l t  t o  process  vola- 

t i l e  organlcs ;  (b )  glass i n c i n e r a t o r ,  which may have b e t t e r  c o n t r o l  

f o r  handl ing ch lo r ides  but c o s t s  must be grsven;  (c) onridation/ 

reduct ton ,  which has an unknown f l e x i b i l i t y ,  but 1 6  should I-~andle 

ch lo r ides ;  and (d)  wet-air oxida t ion ,  whlch should handle a l l  waste 

materials, but: the process  equipinent has not been proven. 

So lu t ions  f o r  special  p.roblerns were discussed  by workshop 

p a r t i c i p a n t s .  Not a l l  of the s p e c i a l  probllerms have heen i d e n t i f i e d ,  but 

t h e  fol lowing provide examples: 

1 .  Disposal  of e l e c t r o l y t e s  from e l e c t r o l y t i c  decontarninat-lon 

processes. E l e c t r o l y t i c  depos i t i on  o f  t he  radtoisocopes 

appears  t o  be a n a t u r a l  choice. 

2 -  SurSace contamination from metn1.s. Removal iimy o f t e n  be 

aecompltshed by smelting. 

I n  conclusion,  m o s t  o€ t he  work that needs t o  be done involves  engi- 

nee r ing  s t u d i e s  and eva lua t ions .  Laboratory atad p i l o t  p l an t  sti.idies of 

a c i d  d iges t ion ,  g l a s s  i n c i n e r a t i o n ,  ox ida t ion / reduct ion ,  and wet-air oxi- 

d a t i o n  should be contfnued t o  prove t h e i r  u t i l i t y  i n  handl ing off-gas 

p o l l u t a n t s  (hence, a v a r i e t y  of r ad ioac t ive  waste) and e s t a b l i s h  t h e  cos t  

of t h e  sys tem.  
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2.2.2 Workshop Discussion 

2.2.2.1 Ion Exchange 

Ion exchange i s  the  only un i t  operat ion discussed in Workshop B t h a t  

i s  being used cu r ren t ly  f o r  t he  treatment of LLRW i n  t h e  nuclear  r eac to r  

industry.  Areas f o r  research and development include: 

1 ,  pretreatment of l i q u i d  waste streams (more cont ro l  on the  

Contaminants introduced i n  the  feed water) ;  

2. opt imizat ion of ion  exchange r e s i n s  (development of r e s i n  beads with 

higher  loading c a p a c i t i e s ) ;  

3. sp l i t - s t ream processing; 

4. improved capaci ty  for  mixed wastes containing hazardous chemicals; 

arid 

5. regenerat ion of r e s ina ,  which may create more LLRW volume; however, 

regenerat ion may simplify u l t ima te  r e s i n  disposal .  

The f i n a l  d i sposa l  of r e s i n s  is  an ongoing problem and needs some 

a t t e n t i a n .  Possible  so lu t ions  are: (1) s o l i d i f i c a t i o n ,  o r  (2)  d i sposa l  
i n  an HIC af ter  dewatering. Economic incentives f o r  volume reduct ion 

a r e  becoming less important, and the re  is some quest ion about s t a b i l i z i n g  

mixed wastes such as f i l t e r s  and spent r e s ins  i n  t h e  same container. One 

suggestion f o r  reducing spent resin volumes by a f a c t o r  of 2 w a s  t o  use 

microwave heating. Apparently, the  dr ied  r e s i n  w i l l  s t i l l  r e t a i n  fisslon 

products. One pa r t i c ipan t  suggested t h a t  a regional  regenerat ion s t a t i o n  

might be economically des i r ab le  f o r  spent res ins .  The dewatered r e s i n s  

containing LLRW would be shipped t o  the  regenerat ion s t a t i o n  and recycled 
back t o  the  nuclear  f a c i l i t y .  

2.2.2.2 Acid Digestion 

Acid d iges t ion  with hydrogen peroxide has e s s e n t i a l l y  no off-gas 

problems and r equ i r e s  no add i t ion  of salts. The process has been g r e a t l y  
s impl i f ied  over the  o r i g i n a l  concept and can be operated remotely with no 

moving parts. Operation is thermally s t a b l e  with no chance f o r  runaway 
conditions.  A wide v a r i e t y  of waste streams can be handled, including 

resins, combustible s o l i d s ,  s ludges,  and some hazardous chemicals. Due t o  
corrosion problems, the  system is  npt compatible with phosphates and 

f luor ides .  The econodcs have been defined, and the  process has been 
s a t i s f a c t o r i l y  demonstrated for TRU wastes and res ins .  Despite these  

p o s i t i v e  aspec ts ,  no u t i l i t y  w a s  w i l l i n g  t o  inves t  i n  a unit for its LLRW 
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stream. The u n i t  opera t ion  may have merit i n  a r eg iona l  d i s p o s a l  f a c i l -  

i t y  f o r  handl ing spent  i on  exchange resins. A p o r t a b l e  system may a l s o  

be f e a s i b l e  wi th  t h e  acid-digest ion r e s idues  s o l i d i f i e d  i n  g l a s s .  

2.2.2.3 Bio log ica l  Nitrate Removal - C e l l u l o s i c  Biodegradation 

The workshop p a r t l e i p a n t s  seemed t o  be I n  agreement that biodegrada- 

t i o n  was not a cos t - e f f ec t ive  process  f o r  commercial nuc lea r  power f a c i l i -  

t ies.  A p o s s i b l e  i n c e n t i v e  f o r  c h l o r i d e  wastes was downplayed due t o  the 

u s e  of ch lo r ides  as a wood p rese rva t ive  ( ch lo r ides  do not  biodegrade).  

2.2.2.4 E l e c t r o l y t i c  Processes  

Although t h e  u n i t  ope ra t ion  was g e n e r a l l y  bel ieved t o  be too c o s t l y ,  

t h e  concept rece ived  some a t t e n t i o n  as a means of decontaminating special 

equipment items. The process  works w e l l  wi th  s i m p l e  geometr ies  but  

creates a large volume oE Piquid LLRW.. A f t e r  decontamination, the 
e l e c t r o l y t i c  s o l u t i o n  could be recycled by p l a t i n g  the contaminant on an 

i n e r t  mater ia l .  

2.2.2.5 Pnelnera t ion  

Besides i o n  exchange, i n c i n e r a t h a  appears  t o  be the only process  

w i t h  an immediate f u t u r e  i n  t h e  nuc lea r  indus t ry .  I n c i n e r a t i o n  will be 
p r a c t i c e d  a t  two nuc lea r  power plants i n  the  very near fu ture ;  however, 

m o s t  p a r t i c i p a n t s  seemed content t o  take a wait-and-see type  of response. 

A gene ra l  consensus seemed t o  be t h a t  i n c i n e r a t i o n  would not  he cost- 

e f f e c t i v e  f o r  a s i n g l e  u t i l i t y  but  m-lght he u s e f u l  i n  a r eg iona l  waste 

disposal.  f a c i l i t y .  Although incPnera t i an  m y  prove to have a p p l i c a t i o n ,  

the: process  may not  be compatible wtth a l l  waste materials. Besides the 

high  c a p i t a l  cost and materials compa t ib i l i t y ,  most p a r t i c i p a n t s  were eon- 

eerned about the  selectton of an off-gas t reatment  system and che 

r e s u l t i n g  LLRW sc rub  so lu t ion .  Maintenance consideratdons (high r a d i a t i o n  

exposure t o  ope ra to r s )  w a s  another concern,  and s i m p l i c i t y  of  aperation 
was a key for nuclear app l i ca t ion .  Aieas f o r  more r e sea rch  and develop- 

ment inc lude  t h e  d i s p o s a l  of hazardous chemjeals (RCRA) and the final 

waste stabilfty achieved by the particular i n c i n e r a t i o n  process ( t . e - .  

v i t r i f i c a t i o n ) .  The cont.rolled-a€r Cnctnerator seemed to be the  chotm of  

more partfcipants than any o t h e r  type w k t h  the present  stace of tcch- 

nology. 
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2.2.2.6 OxidationlReduction 

Chemical oxidation and reduction processes d i d  not appear to create 
The idea of converting any significant interest among the participants. 

one waste stream form to another may be beneficial in the disposal of ion 

exchange resins. Treatment with hydrogen peroxide to convert resins to a 

liquid form could result in a more favorable operation for ultimate dispo- 

sal (i.e., evaporation). 

2.2.2.7 Smelting 

Although smelting has been used for isotope separation and removing 

uranium contamination from scrap metals, there appears to be no economic 

Incentive for advancing this technology in the nuclear power industry. 

2.2.2.8 Wet-Air Oxidation 

A major advantage of this process is that no off-gases are generated; 
however, more development will be required for nuclear power application. 

Advantages of the relatively low-temperature process (100 to 300'C) 

include the potential for handling chloride wastes and ion exchange 

resins, The process requires only the addition of air, and the resulting 

solutions could be further treated by more proven methods, such as evap- 

orat ion. 

2.2.3 General Impressions 

A strong feeling from the workshop is that the nuclear power utilities 

need t o  improve their image to the general public. Regulatory requfrements 

are dictated by political forces that are driven ulthately by public opin- 
ion. Technology controlled by public influence cannot advance. The 

nuclear industry should invest in more public relation activities to make 

iitls product more acceptable to the general population. 

The following concerns do not fall into any particular category or 

order but seened to undesly much of the workshop discussion: 

I *  desire for a greater loading capac-lty for ion exchange resins; 
2. great concern for the disposal of i o n  exchange resins; 

3. Incentive for the recycle of more matertals used during pro- 

cessjlng ; 

4. c o n ~ e r n  about the disposal sf chel.ating agents and 

nonradioactive hazardous ciiernicals ; 
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5. efficient volume reduction, which may result in a waste c lass i f i -  

catton greater than Class @; 

6. proeess that exchanges onp waste stream f a r  another wlch no 

o v e r a l l  b e n e f i t ;  

7. addition o f  chemicals to the waste processing scheme; 

8. sharing rhe waste disposal c o s t s  of a rcgPonal processing 

facility; 

9. volume-reduction cost i n c e r r ~ i v e  that may d i s a p p e a r  due t o  a 

f i x e d  cost  recovery required by the burtal f a c t l i f y ;  and 

10. need t o  identi Ey processes that minimi.ze miscellaneous 

by-product  wastesp 

In conclusion, the workshop seemed to s a t i s f y  a presstng need for improving 

the  handling and ultimate d i s p o s a l  of low-level r ad ioac t ive  wastes common 

eo all nuelear  power facilities. 
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2 . 3  WORKSHOP C. SQRTING/SEGREGATXON AND DECONTAMINATION, T. S. LaGUARDIA, 

LEADER, AND S* M a  ROBINSON, RECORDING SECRETARY 

2.3.1 Summary 

The major problems of t h e  u t i l i t i e s  i n  t h e  area of s o r t i n g ,  segrega- 

t i o n ,  decontamination, and decommissioning seem t o  be a s soc ia t ed  wi th  

mixed wastes. In  a d d i t i o n  t o  t h e  problems crea ted  by c o n f l i c t i n g  regula-  

t i o n s  concerning t h e  t rea tment  and d i s p o s a l  of RCRA wastes and LLRW, the re  

i s  an i n a b i l i t y  of u t i l i t i e s  t o  d e t e c t ,  s o r t ,  treat, and d ispose  of t hese  

wastes. Research should focus on eliminating RCRA wastes from t h e  waste 

streams, developing ins t rumenta t ion  t o  d e t e c t  and s o r t  RCRA wastes from 

r a d i o a c t i v e  material, and providing processes  t o  treat t h e  mixed wastes 

t h a t  cannot be separated.  

Most problems a s soc ia t ed  wi th  processing r a d i o a c t i v e  materials by 

themselves is r e s t r i c t e d  t o  a few broad areas. The main problems t h a t  

arise i n  s o r t i n g  and seg rega t ing  r a d i o a c t t v e  materials are due t o  a lack 
o f  automated equipment which can accu ra t e ly  d e t e c t  r a d i a t i o n  a t  t h e  

de minimis l e v e l s  and r e l i a b l y  sepa ra t e  materials. None of t h e  decon- 

tamrtnation processes  p re sen t ly  used adequately meet d e s i r e d  performance 

c r i t e r i a ;  most produce l a r g e  amounts of secondary waste t h a t  are o f t e n  

c l a s s i f i e d  as hazardous materials. Therefore ,  research  i n  t h i s  area 

should focus on producing a l t e r n a t i v e  processes ,  developing r e a d i l y  d is -  

posable  s o l v e n t s ,  improving r ecyc l ing  methods, and developing s t a b l i z a t t o n  

and d i s p o s a l  methods f o r  e x i s t i n g  decontamination wastes. Problems t h a t  

must be addressed before  decommissioning power p l a n t s  inc lude  providing 

adequate b u r i a l  space f o r  LLRW and d i s p o s a l  methods f o r  " intermediate"  

waste. 

Severa l  gene r t c  problem areas were i d e n t i f i e d  in t he  work shop which 

impact a l l  a spec t s  of LLRW processing and f u t a r e  research.  These Include 

t h e  u t i l i t i e s '  need f o r  nonconf l ic t ing  p o l i c i e s  and bet ter-def ined p l d e -  

l i n e s  from r egu la to ry  agencies.  The basis for  many of the e x i s t i n g  regu- 
l a t i o n s  should be reexamined us ing  recent d a t a  i n  an a t t e m p t  t o  r e l a x  

c u r r e n t  p o l i c i e s  on t reatment ,  t r a n s p o r t a t i o n ,  and d i sposa l  methods. 

There i s  a need to s t anda rd ize  c a l c u l a t i o n  and modeling methods wFthin t h e  

indus t ry .  Research is  needed t o  determine t h e  l i f e  expectancy of e x i s t i n g  
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sh ipp ing l s to rage  con ta ine r s  and develop methods of prolonging t h e i r  l ife- 

t i m e .  There i s  a need t o  t r a i n  power p lan t  ope ra to r s  t o  iminimize w a s t e  

gene ra t ion  a t  t h e  source and t o  provide dedica ted ,  b e t t e r - t r a i n e d  person- 

n e l  t o  ope ra t e  waste d i s p o s a l  p l an t s .  There i s  also a lack o f  technology 

t r a n s f e r  among DOE, EPKP, and t h e  u t i l i t i e s  and among the  u t i l i t i e s  

themselves. 

2.3.2 Mixed Wastes 

The u t i l i t i e s  have major p rob lem with t he  t rea tment  and d i s p o s a l  of 

mixed wastes.  

s imp l i fy  processing and d i sposa l ,  c o n f l i c t i n g  r e g u l a t i o n s  regard ing  the 

d i s p o s a l  of RCR4 wastes and LLRW ake i t  imperat ive t h a t  hazardous wastes 

be e l imina ted  o r  segregated from r a d i o a c t i v e  materials before  process ing  

f o r  d i sposa l .  An i n i t i a l  s tudy i s  needed t o  determine which p resen t ly  

used m a t e r i a l s  gene ra t e  RCRA-type wastes and t o  assess the  c u r r e n t l y  

a v a i l a b l e  ina te r ia l s  and processes  t h a t  could be s u b s t i t u t e d  t o  e l i m i n a t e  

these  wastes.  Addit ional  research  needs t o  focus on e l imina t ing  hazardous 

m a t e r i a l s  from the waste s t reams by producing nonhazardous s u b s t i t u t e s ,  

developing r egene ra t ive  o r  p u r i f i c a t i o n  processes  t o  allow r ecyc l ing  of 

problem materials, and determining when the  inftial use af such ma te r l a l s  

can be e l imtna ted  o r  minimized, I n  t h i s  p a r t i c u l a r  area, research  needs 

bo focus on t h e  e l i rn ina t lon  of hazardous chemical s o l v e n t s  and c h e l a t i n g  

agents  from decontamdnatlon s o l u t i o n s  and PVCs f rom t h e  work environment. 

Even though segrega t ion  of mixed wastes w i l l  probably 

If  a l t e r n a t i v e  materials or processes cannot be found, e f f i c i e n t ,  

s imple r ecyc l ing  and/or  concent ra t ing  methods sl-aou1A be developed t o  

reduce the  volume of t he  materials t h a t  reach the waste stream. CurrenL 

processes ,  such as distLBPatPon, tend t o  be expensive and complicated. 

There w i l l  then  be a need t o  develop methods f o r  de t ec t ing ,  sort-lng, and 

seg rega t ing  the  remaining RCKA raatertals from r a d i o a c t i v e  inatehi a ls ,  Sixch 

techniques as mlcroscopl c exandnation o r  mass spectroscopy m y  be requi red  

t o  d e t e c t  a s b e s t o s  p a r t i c u l a t e s ,  and hazardous chemicals whlle automatrl.k 

chemical andlor  phys ica l  s epa ra t ion  process ing  may be necessary t o  

s e p a r a t e  t h e  materlals. Alternative processes  need t o  be developed t o  

t rea t  the  mixed wastes which cannot be ellrrninated by t h e  absiae processes ,  

2 - 3 . 3  S o r ~ t n g / S e g r e p t i n g  

E x i s t  ling instriiiwa~ntation for urnsureaent  at  high r a d i a t i o n  l e v e l s  

appears  t o  be adequate i n  most areas, but i t s  repeatability and 
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reliability need to be proven. Production-scale, automated equipment that 
can accurately detect radiation down to the de minimis levels and sort 

"noncontaminated" and radioactive materials needs to be developed. Most 

of the present equipment either cannot adequately detect low levels of 

radiation or are hand-operated devices. 

There appears to be a need to study the costs and benefits, including 

ALARA considerations, of sorting €or specific applications. Examples 

include assessing the need to develop instrumentation such as metal detec- 

tors or  x-ray devices on a production scale f o r  sorting feed material for 

incinerators, compactors, and shredders. 

Simple, reliable instrumentation is also needed to detect inadequate 

processing before disposal. Nondestructive tests with proven reliability 

are needed to detect liquids in disposal containers that contain dewatered 

resins and solidified wastes. 

Research is needed to develop localized, portable ventilation systems 

to trap contamination at the source. This will. prevent cross- 

contamination of areas and reduce decontamination waste volumes. 

2 . 3 , 4  Decontamination 

Many decontamination processes 

all of them tend t o  have problems, 

should be assessed, and comparative 

are presently used by utilities, but 

The existing decontamination methods 

results for each method should be made 

available to the utilities f o r  use in selecting processes far particular 

applicattons. New processes are also needed which are capable of removing 

low levels of contamination and which produce small volumes of easily 

disposal secondary wastes. 

The chemical processes tend to produce large volumes of contaminated 

solvents that f a l l  into the  catagory of mixed wastes described above. 

Particular problems associated with deeontaudnation solvents include a 

l ack  of avallable regenerative processes9 data concerning the effects of 

concentrating solutions for disposal, and adequate solidification and 

d i s p o s a l  processes especially for solutions contairalng organics. Since 

decontamination solvents vary considerably i n  composition, utilities need 
to know their standard formulathm in order to be able to specify the 

shernieal composition when ordering solvents from vendors,  thus eliminating 

unnecessary contad-nants, such as chlorides, from their systemsP 



Chelat ing agents  are p a r t i c u l a r l y  hard t o  d e a l  wi th  since their 

b u r i a l  r egu la t ions  are extremely s t r ic t ,  Research i n  t h i s  area should 

address  l i m i t i n g  t h e  migrat ion of the  materials a f t e r  d i s p o s a l  and 

reducing t h e  incoming waste streams by methods suggested f o r  &xed wastes. 

Research t o  determine when c h e l a t i n g  agents  are not needed i n  processes  t o  

e l i m t n a t e  percipitation of d isso lved  contaminants,  such as s t r a i g h t  runs 

of pipe,  could a l s o  reduce f u t u r e  genera t ion  o f  t h e s e  problem wastes. The 

ranking of t h e  r e l a t i v e  mobi l i ty  of c h e l a t i n g  agents  would be u s e f u l  f o r  

determfning t h e i r  a p p l i c a b i l i t y  for s p e c i f i c  processes arid f o r  deterrnjning 

t h e  necessary i s o l a t i o n  d i s t a n c e  needed i n  t h e  b u r i a l  ground. 

Research could a l s o  be focused on developing rmunche 

t a d n a t i o n  processes. There i s  a need t o  develop nondes t ruc t ive  decon- 

taminat ion of pa in ted  surfa~es, e l imina t ing  the need t o  remove pa in t  and 

coa t ings  f ~ a m  the base metal. The compat%btlity of high-pressure,  w a t e r -  

j e t  g r i t  materials, such as glass beads, a l w n i n l a m  oxide,  and borated g r i t ,  

wi th  r e a c t o r  materials needs t o  he d e t e r d n e d -  Decontaminatdon of the? 

g r i t  material by such methods as ul . t rasonic  cl.eaning also iieeds t o  be 

evaluated.  

2-3.5 

Research is needed t o  address  t h e  requi red  b u r f a l  ground space for 

decommissioning wastes. 

es t imated  t o  be up t o  19,000 m3 (25,000 yd3)  per  10 

S u i t a b l e  methods o f  dispos ing  of type D waste (greater than type c] must 

The waste volume generated by d e c o d s s i o n i n g  is 

ned. The eurrent criteria and basis  f o r  e s s e n t i a l l y  

excluding i t  from T,LRW hurial .  grounds need t o  be examined. Such tech- 

niques  as psobabi l l - s t ic  r i s k  assessment (PRA) methods may be used t o  
assess comparative r i s k s ,  

Research is  needed for a s s e s s i n g  the amount of f u e l - f a i l u r e  d e b r i s  
(TRIJ wastes)  d i s t r fb r i t ed  throughout primary and secondary systems. 

Analytical models t h a t  have been v e r i f i e d  by d i r e c t  measurements are 

needed 

2 .3 .6  Changing of Regulat ions 

There i s  a d e f i n i t e  need of the u t i l i t i e s  t o  have aore p r e c i s e ,  well- 

def ined  regulations acid gu ide l ines  Erom t he  regulatory agencies.  One of 

the m o s t  important i s sues  that needs t o  be addressed i s  t h e  s e p a r a t i o n  of 
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RCRA and LLRW r egu la t ions ,  inc luding  t h e  removal of c o n f l i c t i n g  p o l i c i e s  

f o r  a l l  a spec t s  of t rea tment  and d i s p o s a l  of mixed wastes. 

l i n e s  f o r  t h e  d i sposa l  of hazardous wastes such as PVCs, r e s i n s ,  

c e l l u o s i c s ,  and chemicals,  need t o  be developed, which could be equiva len t  

t o  10 CFR 61 f o r  r a d i o a c t i v e  waste d isposa l .  There may a l s o  be a need 

f a r  a research  e f f o r t  t o  determine the  c o n t r o l l i n g  hazard in mixed wastes 

t h a t  cannot be separa ted  f o r  d i s p o s a l  purposes. The upper limit for 

"de minimis" l e v e l s  of r a d i o a e i t i v i t y  a l s o  needs t o  be def ined.  

P rec i se  guide- 

The bases fo r  e x i s t i n g  r egu la t ions  need t o  be reviewed t o  determine 

if they can be made more p r a c t i c a l  by us ing  b e t t e r  assumptions than  those  

which w e r e  a v a i l a b l e  a t  t h e  t i m e  t h e  i n i t i a l  gu ide l ines  were es t ab l i shed .  

Research p r o j e c t s  may be requi red  t o  provide t h e  d a t a  needed t o  make the  
assumptions more realistic. A s  an example, l each  d a t a  could r ep lace  t h e  

conserva t ive  assumptions used t o  determine d i sposa l  cri teria,  poss ib ly  

r e s u l t i n g  i n  less s t r ic t  b u r i a l  ground requirements f o r  class A, B, and e 
wastes and i n t r u d e r  dose criteria. 

E x i s t i n g  r egu la t ions  should also he examined t o  determine if they 
should be r e w r i t t e n  f o r  t y p i c a l  and s p e c i a l  wastes generated by u t i l i t i e s .  

If  r egu la t ions  are based on a t y p i c a l ,  worst-case ope ra t ions ,  reana lyz ing  

the assumptions us lng  realist ic d a t a  f o r  normal ope ra t ing  condi t ions  may 

produce less s t r i n g e n t  r egu la t ions  f o r  t y p i c a l l y  generated wastes. Actual 

tests may a l s o  be requi red  to prove t h a t  p o l i c i e s  could be changed f o r  

s tandard  opera t ions .  An example c i t e d  i n  t h e  workshop is t o  determine i f  

ensur ing  i n e r t n e s s  of r e s i n  shipment casks t o  prevent  generated hydrogen 

gas from c r e a t i n g  exp los ive  o r  combustible mixtures  i s  necessary f o r  s tan-  

dard r e s i n  shipments as w e l l  as f o r  s p e c i a l  cases such as r e s i n s  generated 

in t h e  Three Mile I s l and  cleanup. 

There is  a need t o  e s t a b l f s h  c o n s i s t e n t  gu ide l ines  f o r  many measure- 

ment and c a l c u l a t i o n  procedures. Many cu r ren t  methods are not c o n s i s t e n t  

and t h e r e f o r e  reduce the  r e l i a b i l i t y  of repor ted  values.  Examples inc lude  

s t anda rd iz ing  algori thms f o r  waste c h a r a c t e r i z a t i o n  and c a l c u l a t i o n s  f o r  

a c t i v a t i o n  of v e s s e l s  and i n t e r n a l s .  

2-3.7 Container  Development 

Current  HICs are only c e r t i f i e d  f o r  5 years  when placed i n  a s t o r a g e  

f a c l l i t y  p r i o r  t o  f i n a l  d i sposa l .  Research is needed t o  determine t h e  
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l i f e  expectancy of existfng con ta ine r s ,  t h e  f a c t o r s  t h a t  cause degrada- 

t i o n ,  and t h e  need f o r  b e t t e r  designed eontainers. 

t o  inc lude  de te rmina t ton  of t h e  environmental  c o n t r o l s  needed f o r  s to rage  

f a c i l i t i e s  t o  prolong con ta ine r  l i f e .  

2.3.8 Tra in ing  and P lan t  Qperation 

The program m y  need 

Many of t h e  w a s t e  disposal problems could be minimized by properly 

t r a i n i n g  plant opera tors .  Power p l an t  ope ra to r s  should be t r a i n e d  t o  

m i n i d z e  w a s t e  genera t ion  a t  t h e  source and should he aware of proper 

s o r t i n g  and segregation procedures,  

w i t h  on-si te  awareness programs, such as p o s t e r s  and b r i e f i n g  sessions- 

Dedicated, wel l - t ra ined  crews should also be used to opera t e  waste dCs- 

Per iod ic  t r a i n i n g  should be re inforced  

posal f a c i l i t i e s .  
2.3 .9  Technology Transfer  

The d i scuss ions  during t h i s  workshop p l a i n l y  ind ica t ed  t h a t  t he re  i s  

a lack of technology t r a n s f e r  among DOE, EPRI ,  and the  u t i l i t i e s  and among 

t h e  u t i l i t i e s  themselves* There is a d e f i n i t e  need f o r  the u t i l i t i e s  t o  

have a d a t a  base t h a t  lists a l l  t h e  processes  p re sen t ly  o r  prev ious ly  used 

t o  treat and d ispose  of I.LRW, Z t  needs t o  i nc lude  an unbiased SUI 

t h e  method's c a p a b i l i t i e s  and problems, the l o c a t i o n  of t h e  p l a n t ,  and a 

con tac t  f o r  d e t a i l e d  information.  It does not: need t o  Pnclude background 

infOrII&3tiQn or d e t a i l e d  d e s c r i p t i o n s  of t h e  processes. 
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2-4  WORKSHOP D. M E C W I C A L  TREATMENT AND VOLUME REDUCTION, R. KOHOUT, 

LEADER, AND E. J. FREDERICK, RECORDING SECRETARY 

Workshop D focused on assessment and i d e n t i f i c a t i o n  of R&D needs, 

both near- and long-term, of t he  following treatment processes: 

e compaction (low- and high-pressure) ,  
0 sizin& ( o r  s i z e  reduct ion)  - cu t t ing ,  shear ing,  shredding, and 

* dismantlement e 

The above are processes t h a t  are, i n  essence,  purely mechanical. In addi- 

t i o n ,  we a l s o  addressed, as i n s t ruc t ed ,  f i l t r a t i o n  of l i qu ids  and gases,  
which appeared t o  be somewhat d i f f e r e n t  i n  nature  from the  main top ics  

l i s t e d  above. The reason f o r  inc lus ion  of the  f i l t r a t i o n  process w a s  i t s  
na ture  of mechanical removal of p a r t i c u l a t e s  from the  process stream, 

along with the  f a c t  t h a t  t he re  w a s  no coverage of t h i s  process by o ther  
workshop groups. L a s t ,  but not least, i n  the  workshop w e  t r i e d  t o  disso- 

c ia te  ourselves  from the  e x i s t i n g  technology and treatment processes,  and 
search  ins tead  f o r  voids and non-existing technologies t h a t  would help t o  

minimize these voids. The de ta i l ed  l i s t i n g  of our f indings w i l l  be 

der ived from the  transcripts of our workshop. I n  the  15-mirn t i m e  frame 

t h a t  I have ava i l ab le  QOW, I can only highl ight  the  workshop tecomen- 
da t ions  as follows: 

1. Low-pressure, in-drum compaction may requi re  opt imizat ion of 

antispring-back provis ions,  but t he  vendars themselves should be com- 

pe ten t  t o  do S O .  

Baling does not appear t o  be widely u t i l i z e d .  

tangular  metal containers  r a t h e r  than cardboard boxes would be an 

improvement. 

2. B a l i n g  i n t o  rec- 

3, High pressure  of supercompaction would deserve a development e f f o r t  

t o  modify t h e  machinery t o  y i e l d  a rectangular  end-product, t o  a p t i -  

mize s torage ,  t r anspa r t a t i an ,  and disposa l  e f f ic iency .  

4 ,  An U D  e f f o r t  should be launched to f u l l y  inves t iga t e  impact o f  

supercompaction on mob%.PPty of radionucl ides  and o ther  chemical 

cons t i t uen t s  i n  land b u r i a l  disposal. 

5. S f z l n g  ( s i z e  reduet-hon) involves a number sf technologies ( e . & , )  

plasma arc cu t t lng ,  shear ing,  sawing, shred fng). There are a number 
of problem-speeiffc dedicated systems being used i n  t he  industry.  It 
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i s  recommended t o  review and assess t h e  g e n e r i c  technologies  and 

too l ing ,  inc luding  t h e i r  a d a p t a b i l i t y  t o  remote c o n t r o l  a p p l l c a t i o n s ,  

and i d e n t i f y  needs f o r  development of new technologies ,  As an 

example, hydro lasers, us ing  h i g h  pressure water j e t s  with/without 

abras ives ,  should be assessed  f o r  s u i t a b i l i t y  for r a d i o a c t i v e  appl ica-  

t i o n s .  Shredders should be developed f o r  underwater opera t ion  t o  

c o n t r o l  r a d i a t i o n  and contamination. 

A generic. s tudy on d i s m a n t l e m e n t / d e c a m l s s i Q ~ ~ n ~  Yhouid be c a r r i e d  

o u t ,  fo recas t ing  types of materials t o  be dismantled,  processed, 

handled, and t r anspor t ed  for disposal. The s tudy  should identZ€y 

d ismant l ing  l o g i s t l c s  and necesary technologies ,  both exlsting and 

required.  This  may l ead  t o  R&D e f f o r t s  i n  crrtatn a r e a s  t o  acqu i r e ,  

and then demonstrate,  new technologies ,  Som of  t he  new technologies  

may be used, as they are developed, i n  p a r t i a l  decommissioning pro- 

j e c t s  and major r e fu rb i sh ing  proJects. 

6 ,  

7. A review of a p p l i c a b i l i t y  of simple,  one-purpose (man-like) robo t i c s  

t o  do work i n  r a d i a t i o n  area should be c a r r i e d  o u t ,  with  assesamexat 

of c o l l e c t i v e  dose--reduction p o t e n t i a l  t o  p l a n t  opera tors .  

A gene r i c  s tudy on vo lu i~~e  r educ t ion  should be undertaken regard ing  

compa t ib i l i t y  o f  mlacellaneous DAW and o t h e r  materials w l t h  a v a i l a b l e  

wechanieal t reatment  processes.  The s tudy  should def Pine optimum pro- 

cesses f o r  i nd iv idua l  materialse To mximfze the o v e r a l l  VR, a 

s u i t a b l e  s u b s t i t u t e  material f o r  PVC should be i d e n t i f i e d  and testedP 

A f e a s i b i l i t y  s tudy oail d e s t r u c t i o n  o f  PVC materials ( e p g g ,  by rising 

microwave technology) should be undertaken and then s u i t a b l e  teeh- 

nology developed, 

8 .  

9. A survey o f  f i l t r a t i o n  p r a c t i c e s  ( e * g . ,  f i l t r a t i o n  media sectton, 

crud bedding capac i ty ,  method of filter replacement) i n  radioactive 

process stream t rea tment  should be undertaken, t o  enable  optiriii z a t i o n  

of r ad ioac t ive  crud removal from nuclear p l a n t  process systeirs 

10. The ALAKA p r i n c i p l e  s h a l l  be incorpora ted  as a cons idera t lon  i n  a l l  

R5D and a l s o  design/development work. 

I n  closing t h i s  b r i e f  overview, X would l i k e  t o  thank a l l  workshop 

p a r t i c i p a n t s  for their  ingenui ty  and efforts. 
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2 - 5  WORKSHOP E. S O L I D I F I C A T I O N ,  R. PI. NEILSON, LEADER, AM) 

T, M. GILLIAM,  RECORDING SECRETARY 

2.5,1 Introduction 

The session on solidification was chaired by Robert M. Neilson, Jr., 

EG&G Idaho, Inc., and cochaired by T. Michael Gilllam, ORNL, Discussions 

were lively and initially represented a diversity of opinions from the 

participants. However, as discussions progressed, there was a remarkable 

consistency among the partictpants as to the fundamental needs in the area 

of solidificatfon. These needs fall within three general categories: (1) 

improving existing operations, (2) understanding these Operations, and ( 3 )  

detedning the adequacy of these operations. It should be noted that not 

a l l  of  these needs require major new R&D initiatives. These needs are 

highlighted in the following section. 

2.5.2 Highlights of Solidiffcation Needs 

In  the area of improving existing operations, the following suggestions 

were made: 

1, 

2. 

3. 

4. 

5 .  

Improve chemical characterization of waste streams and analytical 
screening protocols in response t o  RCRA. 

Expand capability to obtain representative waste samples for anal- 

ysis and testing. 

Develop techniques f o r  waste form verification testing at the 

reactor site. Potential remedial actions need to be evaluated 

in the event that a drum fails this verification testing. 

Inttiate a comprehensive study on solidification of problem 

wastes, such as decontamination wastes and o i l s  contaminated with 

PCBs and new wastes, such as incinerator ash. 

Improve container-filling techniques (i.e., increase packing 

efficfency). 

In understanding and improving waste-form performance, it is 

necessary to: 

1. Perform long-term stability testing of waste forms. 

2. Develop a fundamental understanding of the mechanfsms affecting 

rad-lonuclide retention and stability for existing waste forms. 

3.  Determine the  effects of chemically hazardous components i n  mixed 

waste on waste-form performance. 
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4 .  Apply i n f o r m a t i o n  o b t a i n e d  t o  t h e  development of improved waste 
forms and i n  s u p p o r t  of l i c e n s i n g  f o r  new sites. 

To promote sys t em integration, it wou1.d be advantageous t o :  

1. 

2.. 

3. 

4 .  

5 .  

6 .  

C o m p i l e  and d i s s e m i n a t e  e x i s t i n g  s o l i d i f i c a t i o n  d a t a  (DOE, ven- 

d o r ,  u t i i i t t es ) .  

Assess c u r r e n t  low-level r a d i o a c t i v e  waste management p r a c t i c e  

w i t h  regard t o  compliance w i t h  R C U .  

Determine de minimis levels f o r  r a d i o n u c l i d e s  i n  LLRW and hazard- 

ous  components i n  mixed w a s t e .  

Conduct soc io logica l .  s t u d i e s  of p u b l i c  p e r c e p t i o n  of LLRW t l i s -  

posa l  p r a c t l c e s  t o  provide  guidance t o  c o s t - b e n e f i t  a n a l y s i s .  

Perform waste d i s p o s a l  system o p t i m t z a t i o n  studies (e rg* ,  waste 

form, c o n t a i n e r ,  d i s p o s a l  s i t e ,  engineered  b a r r i e r s )  to vesiFy 

n?rhm.lmum require1nents. 

Develop a d d i t i o n a l  exper imenta l  d a t a  as reqt1ire.d t o  suppore the 

p r e v i o u s  task.  

2.5.3 Discuss ion  itsf S o l i d i f i c a t i o n  Needs 

It should be noted that t h e  fo l lowing  d i s c u s s i o n s  r e f e r ,  in a l l  

cases, to existing commercfal reactor waste streams. The use of thc word 

"generic'* i m p l i e s  '*cornon. t o  more than one g e n e r a t o r .  " 

2.5.3,l *roving Exist lng  Opera t ions  

@ I~@PKOVE? chemical c h a r a c t e r i z a t t o n  of waste streams and 

a n a l y t i c a l  screeni rag protocols  in response t o  the Kclsoenrcx 

Conserva t ion  and Piceovery A c t  (RCRA). 

T y p i c a l l y ,  waste  streams are analyzed o n l y  f o r  t h o s e  rad3 onucl.fdcs 

t h a t  are germane t o  NRC c l a s s i f f c a t i o n  (i.e., A ,  B3 or  C>.  These araaly- 

ses need t o  be expanded t o  i n c l u d e  chemical c o n s t i t u e n t s  of eoncerii under 

R C M C  However, performing thesc a n a l y s e s  as s p e c i f i e d  i n  4-13 CPR 261 i s  

n o t  only expensive b u t ,  i n  many cases, i s  not: f e a s i b l e  i n  the  presence  of 

sfgnkf icant amounts of r a d i o a c t i v i t y .  @onseq:xer:tly, ther ;  i s  a c r i t i c a l  

need to: ( 1 )  develop a n a l y t i c a l  t e c h n l y u r s  tbat can safely measure RCW, 

cnnstltuents i n  waste streams contzitning s i g n l  f-bcant amounts of ~ - d i o a c -  

t j v i t y  and (2 )  develop analytical screetztrlg Lechniquos t h a t  can address 

rlasses of compounds m d  hence redwee afaalyt'icaal costs .  
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8 Expand c a p a b i l i t y  t o  o b t a i n  r e p r e s e n t a t i v e  waste samples f o r  

a n a l y s i s  and t e s t ing .  

A t  p re sen t ,  g rab  samples are used t o  test s o l i d i f i c a t i o n  media. 

tesring encompasses both s e l e c t i o n  of t h e  s o l i d i f i c a t i o n  media and QA/QC 

f o r  a s e l e c t e d  process.  As such, t h e r e  i s  l i t t l e  documentation t o  support  

t h e  f i t n e s s  of t h e  grab  samples. Tn many eases, t h i s  leads  t o  a s o l i d i f i -  

c a t i o n  s e l e c t i o n  s tudy based on an unrepresenta t ive  waste sample and/or a 

s i g n i f i c a n t  r e j e c t i o n  r a t e  of s o l i d i f i e d  product. Consequently, a 

sampling technique needs t o  be developed t h a t  addressses:  (I) t h e  

necessary statistics t o  document t h e  r e p r e s e n t a t i v e  na tu re  of t h e  sample, 

( 2 )  r a d i a t i o n  exposure hazards ,  and ( 3 )  exis thng  s t o r a g e  tank designs.  

This  

8 Develop techniques f o r  waste-form v e r i f i c a t i o n  t e s t i n g  at t he  

r e a c t o r  site. P o t e n t i a l  remedial  a c t i o n s  need t o  be eva lua ted  

i n  t h e  event  t h a t  a drum f a i l s  t h i s  v e r i f i c a t i o n  t e s t i n g .  

A t  p r e sen t ,  t h e r e  i s  no adequate  technique t h a t  can be appl ied  t o  

s o l i d i f i e d  drums a t  t h e  r e a c t o r  s i t e  t o  v e r i f y  compliance with performance 

c r i te r ia .  Compliance v e r i f i c a t i o n  i s  l imi t ed  t o  labora tory-sca le  tes ts  
t h a t  are not  n e c e s s a r i l y  adequate,  as d iscussed  earlier. Field- 

v e r i f i c a t i o n  t e s t i n g  i s  left t o  t he  d i s c r e t i o n  of t he  d i sposa l  s i t e  opera- 

t o r ,  wi th  r e j e c t e d  drums being s e n t  back t o  t h e  r e a c t o r  si te.  This  Fs 

i n e f f i c i e n t  and c o s t l y  and inc reases  t r a n s p o r t a t i o n  r i sks .  Consequently, 

t h e r e  is  a need t o  develop a v e r i f i c a t i o n  technique t h a t  can be app l i ed  t o  

sea l ed  drums a t  t h e  r e a c t o r  site. In  conjunct ion wi th  t h i s  development 

effort, t h e r e  needs t o  be a s tudy  t o  determine appropr i a t e  remedial  a c t i o n  

f o r  drums t h a t  f a i l  v e r i f i c a t i o n  t e s t i n g .  

0 I n i t i a t e  a comprehensive s tudy on s o l i d i f i c a t i o n  of problem 

wastes ,such as decontamination wastes and o i l s  contaminated wi th  

PCBs and new wastes,such as i n c i n e r a t o r  ash. 

A t  present ,  s o l i d i f i c a t i o n  development e f f o r t s  on new o r  problem 

wastes are l e f t  t o  each waste genera tor  o r  to commercial s o l i d i f i c a t i o n  

vendors. The former inva r i ab ly  involves  dup l i ca t ion  of e f f o r t  and 

increased  c o s t s ,  while  t h e  l a t t e r  p laces  t h e  gene ra to r ' s  l i a b i l i t y  i n  the  

hands of a vendor 's  p r o p r i e t a r y  data. Consequently, t h e r e  needs t o  be a 

comprehensive, coordinated,  s o l i d i f i c a t i o n  development e f f o r t  f o r  these 

g e n e r i c  waste streams. 



178 

Q Improve c o n t a i n e r - f i l l i n g  techniques.  

I n  t h e  p a s t ,  l i t t l e  a t t e n t i o n  has  been glven t o  optianizfng utili- 

z a t i o n  of drum space. 

r i s i n g ,  i n e f f i c i e n c i e s  i n  space u t i l i z a t i o n  are beginning t o  translace 

i n t o  s i g n i f i c a n t  cos t s .  Consequently, t h e r e  is a need t o  develop tech- 

niques t h a t  i nc rease  packing e f f i c i e n e i e s .  This development e f f o r t  

should no t  only address  packing e f f i c i e n c y  of t h e  drum but  improved pro- 

cess c o n t r o l  of t r a n s f e r r i n g  grout  i n t o  t h e  drum. 

2.5.3.2 Understanding and Improving Waste-Form Performance 

With d i s p o s a l  costs per cubic  meter s t e a d i l y  

0 Perform long-term s t a b i l i t y  t e s t i n g  of waste forms needs. 

The NRC r e q u i r e s  demonstration of long-term s t a b i l i t y  f o r  Class C 

wastes. Although r e l a t i v e l y  short-term s t a b i l i t y  tests (which can be per- 

formed a t  t h e  r e a c t o r  s i te)  are p resen t ly  s p e c i f i e d ,  i t  was agreed hy a l l  

p a r t i c i p a n t s  t h a t  t h e r e  is  no s u b s t i t u t e  €or long-term t e s t s .  Such tests 

are c o s t l y  f o r  t h e  gene ra to r  and involve  a s i g n i f i c a n t  d u p l i c a t i o n  of 

effort, Consequently, t h e r e  needs t o  be a coordinated s tudy  on t h e  long- 
term s t a b i l i t y  arid l e a c h a b i l i t y  of gene r i c  s o l i d i f i e d  products.  

* Develop a fundamental understanding of the mechanisms a f f e c t i n g  

r ad ionuc l ide  r e t e n t i o n  and s t a b i l l - t y  f o r  e x i s t i n g  waste: formsl 

A t  p resent ,  rad ionucl ide  retention and s t a b i l i t y  are determined by 

measurements of Leachab i l i t y  Index and compressive s t r eng th .  Defending 

t h e  e x t r a p o l a t i o n  of these measurements t o  p r e d i c t  long-term performance 
and s t a b i l t t y  has  not proven success fu l  i n  the pub l i c  arena. 

Consequently, a fundalnental s tudy  i s  needed t o  understand and document the 
mechanisms a€ rad ionucl ide  r e t e n t i o n  and the chemistry of  the s o l i d i f i c a -  

t i o n  process.  
determine and d e f i n e  long-term 

Such a s tudy  would provide the d a t a  base necessary 6s 

erfnrmance and s t a b i l i t y .  

Determine t h e  e f f e c t s  of cheraically hazardous components I n  

mixed waste on waste-form performance, 

The s tudy suggested t h a t  these  needs be expanded t o  inc lude  a txed  

waste. Chemical c o n s t i t u e n t s  of concern under R C M  are known t o  affect 

the chemistries a€ m o s t  cement-based s o l i d i f i c a t t o n  pracesses. 

Consequently, t o  truly understand t h e  s o l i d i f i c a t i o n  process ,  wastes con- 

t a in i l lg  these constltue~ts must be addressed. 
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@ Apply information obtained from the above to the development 

of improved waste forms and in support of licensing for 

new sites. 

With the present dependency on measurements such as Leachability 

Index and compressive strength, the public perceives that higher numbers 

are better and, in many cases, necessary. Therefore, improved waste forms 

and multiple barriers are required due to the political environment. 

Information obtained provides the data base to determine the adequacy of 

existing waste forms. Conversely, it provides the data base for waste- 

form improvement if it is determined to be needed. 

2.5e3.3 System Integration 

Compile and disseminate existing solidification data (DOE, 

vendor, utilities) 

Although a significant amount of pertinent research on solidification 

is being performed (by DOE, vendors, utilities, etc.), the results of the 

research I s  not always known to the appropriate users, There is a criti- 

cal need for a centralized clearing house for data pertaining to solidifi- 

cation of LLRW. 

Assess current low-level waste management practice with regard 

to compliance with RCRA 

Present LLRW management practices adhere to NRC requirements, and 

there is a need to assess the impact of RCRA requirements on these prac- 
tices. 

AWLRA concept. Where these incompatibilities are identified, the 

appropriate C O U K S ~  of action needs to be identified. 

In many cases, RCRA requirements may be incompatible with the 

0 Determine de d n i m i s  levels for radionuclides in LLRW and 
hazardous components in mixed waste, 

At present, there are no de minimis levels for radionuclides or RCRA 

hazardous constituents. A s  a result, significant quantities of waste are 

being solidified, which may not be necessary. 
levels would elidnate this cost. 

Definition of de minimis 

0 Conduct sociological studies of public perception of LLRW 

disposal practices to provide guidance to cost-benefit 

analyses. 



Although cos t -benef i t  ana lyses  have been performed i n  the  p a s t ,  they 

have no t  included pub l fc  percept tons.  Soc io logica l  s t u d i e s  of pub l i c  

percept ion  need t o  be performed t o  provide t h i s  i npu t -  This  e f f o r t  would 

provide galdance i n  determining where research  in benefit :  improvement 

should be focused. 

Q Perform waste d i s p o s a l  system opt imiza t ion  s t u d i e s  (e*g . ,  

waste form, con ta ine r ,  d i s p o s a l  s i t e ,  engineered b a r r i e r s )  t o  

v e r i f y  mlnimum requirementse 

A system opt imiza t ion  s tudy needs t o  be performed t h a t  would i d e n t i f y  

d i s p o s a l  op t ions  a v a i l a b l e  t o  meet the o v e r a l l  ob jec t ive .  Such a s tudy  

would, for i n s t ance ,  de f ine  condi t ions  i n  whlch waste form Cmprovements 

may e l imina te  the need for add i t iona l  migra t ion  b a r r i e r s ,  However, the 

major use of this study would be as a t o o l  t o  assess t h e  e f f e c t s  of cos t -  

saving opt ions  on o v e r a l l  performance. For  example, considerable e f f o r t  

i s  being d i r e c t e d  at volume reducxi.on p r imar i ly  t o  save c o s t s ,  Bowever, 

l i t t l e  e f f o r t  i s  being d i r e c t e d  a t  the e f f e c t s  of concent ra t ing  waste 

streams on s o l i d i f i c a t i o n  processes  and t h e i r  performance. 

6 Develop a d d i t i o n a l  experimental  data as requi red  t o  support  

t h e  prevtcsais task.  

T h i s  op t imiza t ion  e f f o r t  w i l l  i n v a r i a b l y  fdentlfy gaps i n  the 

e x i s t i n g  data base. In orde r  t o  use  the  o p t i n i z a t f o n  e f f o r t  as a tool  

s u b j e c t  t o  p u b l i c  review, t h e s e  gaps mast be addressed. 

2*5.4 Impressions 

Although t h e  needs d iscussed  above appea r  t o  address  a v a r i e t y  of 

issues, i n  r e a l i t y  they address  two themes d i s m s s e d  t i m e  and t i m e  aga in  

i n  t h e  sess ion:  costs and p u b l i c  percept ion.  The g r e a t e s t  concerns of 
t h e  p a r t i c i p a n t s  were t o  (1) reduce c o s t s  of exfstlng processes  and ( 2 )  

d e a l  wfth pub l i c  percept ton.  E t  w a s  gene ra l ly  agreed that the. qu ickes t ,  

most efficient, and most cos t - e f f ec t ive  means of  dea l ing  with these? i s sucs  

i s  a c e n t r a l i z e d  R&D e f f o r t  (such as by DOE) on gener€e wastes and pro- 

cesses0 Models, soothing words, et@., have t h e i r  place, but  t he  time has 

come t o  b i t e  t h e  b u l l e t  and gene ra t e  hard daca. 
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PROGRAM FOR LLRW WORKSHOP 

RESEARCH AND DEVELOPMENT NEEDS FOR TREATMENT 
OF LOW-LEVEL RADIOACTIVE WASTE FROM COMMERCIAL NUCLEAR REACTORS 

C r y s t a l  Gateway Marr io t t  Hotel 
Arlington, Virg in ia  
August 19-21, 1985 

Monday, August 19, 1985 

8:00-9 :30  pm Registration and Hospita l i ty  

Tuesday, August 20, 1985 

8 : O O  a m  Warm-up: Coffee and Sausage/Biscuits 

8:30 am-12:30 pm Plenary Session 

8:30 am Introduction, B i l l  Rodgers, ORNL 

8:35 a m  Welcome, Bob Rader, DOE, 

8 : 4 0  a m  Scope o f  Study and Purpose of Workshop, 
Bob J o l l e y ,  ORNL 

8 : S O  am Low-Level Radioact ive Waste, Roy Person, NRC 

9 : 1 0  a m  LLRW Forms and Sources,  Sue Hobart:, EPRI 

9 :30  a m  

9:50 a m  

LLRW V o l i i m e  Reduction Technology: VRTECH Model, 
Charles  Koplik, The Analy t i ca l  Sciences 
Corporation (TASC) 

LLRW Regulatory Cons t r a in t s ,  Larry Qyen, 
Sargent and Liindy 

1 0 ~ 1 0  am LLRW Transportation, A 1  Grella, NKC 

BREAK I---- ----- 10:40  am 
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11:OO am 

12:30 prn 

1 2 ~ 3 5  pm 

Panel Discussfon  on LLRW Treatment, Disposal9 and 
t h e  E f fec t s  of Compacta and de  rui nimus Cri ter ia  

Don Charlesworth,  AECL, Chalk R ive r  

V i r g i l  Aut ry ,  S t a t e  of South Carol ina 
Gary Bencla, @hem-Nuclear Systems 
Nancy K i r n e r ,  S t a t e  of Washington 
George Kniazewycz ~ KLM Engineer lng  
Frank P a r k e r ,  V a n d e r b i l t  ihiver:s I r y  
Lenon Riales,  Tennessee Va l l ey  A u t h o r i c y  
S i d  Wright IJSEcology 

(Modera to r )  

Workshops on LT,R6?1 Treatment : 
Expectations and I n t r o d u c t i o n  of Workshop 
Leade r s  and Recording S e c r e t a r i e s  
Herschel Godbee QRWL 

MeChodology and 

Workshop A: Removal of Water (Dewatering) 
Leader :  Mike Thomas, Black and Veatch 

E ng i nee r ing  Cons u 1 t a ~1 e Y 
Recording S e c r e t a r y ,  Arlene Kibbey, ORNL 

Workshop 13: Thermal Phyaiochemical,  and 
B i o l o g i c a l  Treatment 

Leader :  Roy P o s t ,  U n i v e r s i t y  of Arizona 
Recording Secretary: Sam C l i n t o n ,  OWL 

Workshop C: SortinglSegregation and 
Decontamlnation 

Leader: ‘Tom LaGuardia, ‘l‘LG Engineer ing  
Record1 ng S e c r e t a r y  : Sharon Rohinsoxi, ORNL 

Workshop D: Mechanical ‘Creatrntrnt (VR) 
Leader: Radovan Kohoi.it Ontar io  Hydro 
Recording Secretary: Ed F r e d e r i c k ,  OWL 

Workshop E: S o l i d i f i c a t i o n  
Leader :  Rob Nei lson,  EGlirG Idaho 
Recording S e c r e t a r y :  Mike C i L b i a m ,  ORNI, 

LUNCH ( f ree  t i m e )  
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2 : Q O  pm 

3:QO pm 

4 : O O  pm 

Indf vldual. Workshops 

Workshop A: Group 1 
Workshop B: Group 2 
Workshop C: Group 3 
Workshop D: Group 4 
Workshop E: Group 5 

Ind iv ldua l  Workshops 

Workshop A: Group 2 
Workshop B: Group 3 
Workshop C: Group 4 
Workshop D: Group 5 
Workshop E: Group 1 

IndLviduaL Workshops 

Workshop A: Group 3 
Workshop B: Group 4 
Vorkshop C: Group 5 
Workshop D: Group 1 
Workshop E: Group 2 

5:OO-S:OO pm Relaxat ion and Debrief ing Period 

Wednesday, August 21, 1985 

8:OO a m  Warmup: Coffee and Sausage/Biscui t s  

8:30 am Ind iv idua l  Workshops 

Workshop A: Group 4 
Workshop Bs Group 5 
Workshop C: Group 1 
Workshop D: Group 2 
Workshop E: Group 3 

9:30  am 

10.30 am 

Ind iv idua l  Workshops 

Workshop A: Group 5 
Workshop 8: Group 1 
Workshop C: Group 2 
Workshop D: Group 3 
Workshop E: Group 4 
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11:oo a m  P a r a l l e l  Sess ions  
I. P r e p a r a t i o n  of Workshop Summaries 

XI. C r i t i q u e  of Pane l  D i scuss ion  

12:OO N LUNCH ( f ree  t i m e )  

1:30-3:00 pin Plena ry  Sess ion  

1:30 pw Workshop Leader Reports  : Assessment Problem 
Areas and Development Needs 

A ( 1 5  min) 

C (15 min) 
D (15 min) 
E (15 min) 

B (15 min) 

2 : 4 5  pm 

3:OO pm 

Workshop "Summary" and Wrap-up, B i l l  Rodgers, O W L  

Workshop Adjournment 
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ATTENDEE LIST 

WORKSHOP ON RESEARCH AND DEVELOPMENT NEEDS 
FOR TREATMENT OF RADIOACTIVE WASTE 

FROM COMMXRCIAL NUCLEAR REACTORS 
AUGUST 19-21, 1985 

Charles  R. Al len 
Wes t inghouse Hanford 
Hanford Engineering 

Dev e lopmen t Labor a t  o r y  
P. 0. Box 1970 
Richland, Washington 99352 
(509) 376-0726 

V i r g i l  R. Autry 
DLvIsPon of Licensing and Compliance 
South Carolina Department of Heal th  

and Environmental Control  
2600 Bull  S t r e e t  
Columbia, South Caro l ina  29063 

Gary A, Benda 
Chem-Nuclear Systems, Inc. 
220 Stoneridge Drive 
S u i t e  100 
Columbia, South Caro l ina  29036 
(803) 256-0450 

Melinda Bowers  
Oak Ridge National. Laboratory 
P. 0. Box x 
Oak Ridge, Tennessee 37831 
(615) 574-6819 

J i m  Buel t  
Battelle 
Pacific Northwest Laboratory 
P. 0. Box 999 
Richland, Washington 99352 
(509) 376-3926 

Joseph Cardi to  
Stone & Webster Engineering Corp. 
Ea.  0. BOX 2325 
Bos ton ,  Flrassachusetts 02107 
(617)  339-6938 

Donald H. Charlesworth 
Chalk Kiver Environmental Authori ty  
Atomic Energy of Canada, L t d .  
Chalk River ,  Ontar io  K O J l J O  
Canada 
(613) 584-3311 

Don Cl ine  
McGuire Nuclear S ta tEon  
Duke Power Company 
Box 488 
Corne l ius ,  North Caro l ina  28031 
( 7 0 4 )  .u5-i3s7 

Sam D. Cl in ton  
Oak Ridge Nat iona l  Laboratory 
P. 0. Box x 
Oak Ridge, Tennessee 37831 
(615) 574-6815 

A r v i l  Crase 

P. 0. Box 7246 
L o u i s v f l l e  Kentucky 40207 
(502) 426-7160 

US ECQlO$y, Inca 

Dick C u r t i s  
P,A.C./Diablo Canyon 
P.Q. Box 56 
Avi la  Beach, C a l i f o r n i a  93424 
(805) 541-7203 

Leo P. Duffy 
Westinghouse E l e c t r i c  Corp. 
Waste Technology Services  Division 
P. 0. Box 286 
Madison, Pennsylvania 15663-0286 
(412) 722-5600 
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Kenneth R. Dufrane 
Atcor Engineered Systems, Inc. 
135 Darling Drive 
Avon, Connecticut 06001 
( 2 0 3 )  677-0457 

Edward .J. Frederick 
Oak Ridge Nat ional  Laboratory 

Oak Ridge, Tennessee 37831 
( 6 1 5 )  576-0605 

P. 0. BQX X 

John 6. Gabhert 
McGuire Nuclear S t a t i o n  
Duke Power Company 
Cornel ius ,  North Carol ina 28031 
( 7 0 4 )  535-6036 

Dennis Gardiner 
Sacramento Municipal U t i l i t y  District  
Rancho Seco 
14440 Twin Cities Road 
Herald,  C a l i f o r n i a  95638 
( 9 1 6 )  452-3211 Exto 4521 

Richard L. Gay 
Rockwell I n t e r n a t i o n a l  
6633 Canoga Avenue MS-NAO4 
Canoga Park, Ca l i fo rn ia  91304 
( 8 1 8 )  700-3505 

Channing A. Gerber 
Niagara Mohawk Power  COP^. 
Nine Mile Point  Nuclear Unit No. 1 
P. 0. Box 32 
Lycorning, New York 13093 
( 3 1 5 )  349-2543 

T. Mike Gilliam 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 33831 
( 6 1  5 )  574-4820 

P. 0. BOX X 

Herschel W. Godbee 
Oak Ridge Natlanal 1,aboratory 
P. 0. Box x 
Oak Ridge, Tennessee 37831 
( 6 1 5 )  576-2198 

Alan J. Gould 
F lo r ida  Power and 1,bght Company 
Po 0. Box 029100 
M i a m i ,  Florlda 33 102 
( 3 0 5 )  552-3668 

Alfred W. Grella 
Safeguards and Materials 

Programs Branch 
Office of Z and E 
MS EWS 305 
U.S. Nixelear Regulatory Commission 
Washington, DC 20555 
( 3 0 1 )  492-7746 

Sue Hobart 
Electric Power Research InstLtute 
3412 Hillvfew Avenue 
Palo Alto, Cal i fo rn ia  94303 
( 4 1 5 )  855-2027 

W i l l i a m  P. Holeomb 
Off ices of Radiat ion Programs 
U.S. Environmental P ro tec t ion  Agency 

Mail Code ANR 460 
Washington, DC 20460 
( 7 0 3 )  557-8224 

401 M Street, S.W. 

Raymond E. Xsaacson 
Rockwell Hanford Operations 
P. 0. Rox 800 
2750 F, Bldg., Rm. A2018, 200 E Area 
Richland, Washiiigton 99352 
( 5 0 9 )  373-1124 

Edward A. Jennriclz 
EG&C Xdaho, In@. 
P. 0. Box 1625 
Idaho F a l l s ,  Tdaho 83415 

Robert L. J o l l e y  
Oak Ridge Nat ional  Laboratory 
P. 0. Box x 
Oak Ridge, Tennessee 37831 
( 6 1 5 )  574-6838 
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G,eorge Y Jordy 
U.S.  Department of Energy 
GTN, ER-30 
Washington, DC 20545 

Arlene H. Kihbey 
Oak Ridge Nat ional  Laboratory 
P. 0. Box X 
Oak Ridge, Tennesee 37831 
(615) 576-2197 

Nancy P. Kirner  
Waste Management DSHS 
Mails top LE-13 
S t a t e  of Washington 
Olympia, Washington 98504 

B. George Kniazewycz 
KLM Engineering 
2700 Ygnacio Val ley Road 
S u i t e  200 
Walnut Creek, C a l i f o r n i a  94598 
(415) 945-6788 

Radovan Kohout 
Ontar io  Hydro 
700 Univers i ty  Avenue 
Toronta,  Ontar io  M5GlX6 
Canada 
(416) 592-5384 

Charles  M. Koplik 
The Ana ly t i ca l  Sciences Corporat ion 
Qne Jacob Way 
Reading, Massachusetts 01867 
(617) 944-6850 Ext. 2297 

J a n e t  P. Kotra 
U . S .  Nuclear Regulatory Commission 
Mall Stop H-1016 
Washington, DC 20555 
(202)  634-1445 

Thomas S .  LaGuardia 
TtG Engineering, Inc. 
440 Federa l  Road 
Brookf ie ld ,  Connecticut 06804 
(283) 775-8200 

Bruce L i b u t t i  
Graver Chemicals 
2720 US Hwy 22 
Union, New J e r s e y  07083 
(201) 964-2617 

John Loughead 
EG&G Idaho, Inc. 
P. 0. Box 1625 
Idaho F a l l s ,  Idaho 83415 
(208) 526-1724 

Charles  W. Flallory 
Wes t inghause H i t  tman 

Nuclear Incorpora ted  
9151 Rumsey Road 
Columbia, Maryland 2104s 
(301) 964-5053 

Kei th  Mattern 
Pennsylvania Power and Light  
Susquehanna Electric S t a t i o n  
P. 0.  Box 467 
Berwick, Pennsylvania 18603 
(7  17)  542-3523 

Steven B. McCoy 
N U S  Process  Serv ices  
1501 Key Road 
Columbia, South Caro l ina  29201 
(803) 256-4355 

Charles  W. MeIlwain, Jr. 
Duke Power Co. 
Oconee Nuclear S t a t i o n  
P. 0. Box 1439 
Seneca, South Caro l ina  29678 
(803)  882-3052 Ext. 1508 

D. L. Michlink 
Tennessee Valley Author i ty  
Div is ion  of Engineering 

and Technical  Serv ices  
400 West Summit H i l l  Drive 
Knoxville,  Tennessee 37914 
(61.5) 632-7190 
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L. P. Miller 
Department of Nuclear EngP neering 
University of Tennessee 
Knoxville, Tennessee 37996 
( 4 1 5 )  974-5048 

Peter Myers 
NatFonal Academy of Sciences 
2101 Constitutional Avenue, N.W. 
Washington, .DC 20418 
( 2 0 2 )  334-3066 

Robert 14. Neil.son, Jr. 
EGEG Idaho, Inc. 
Materials Science Division 

Idaho Falls, Idaho 83415 
( 2 0 8 )  526-8274 

v. 0. Box 1625 ( I L F  212) 

Larry  C. Oyen 
Radwaste Division 
Sargent and Lundy Engineers 
55 East Monroe Street 
Chicago, Illinois 60603 
( 3 1 2 )  269-6750 

Frank L. Parker 

Konnie Przewsrski 
PhiSade1phf.a Electric Company 
2301 Market Street 
Philadelphia, Pennsylvania 19191 
( 2 1 5 )  841-5465 

Robert G .  Rader 
U.S. Department of Energy 
EK-33, GTN 
Washington, DC 20545 

G%en Rae 

220 S t u n e r t d g e  Drive 
Columbia, South Carcllina 29210 
( 8 0 3 )  256-0450 

Chem-N~~lear SYS~~WIS I n c .  

Robert W. Ramsey, Jr. 
Nuclear Energy Services 
Qualcorp Inc. 
P. 0. Box 310 
Germantown., m r y l a n d  20874 
(301) 963-4256 

Lerion J. Kialcs 
Radwaste Management Group 
Tennessee Valley Authority 

Departmenl: of Environmental Engineerlng 1270 Chestnut Street, Tower I1 
108 New Engineering Building Chattanooga, Tennessee 37401 
Vanderbilt Umiverslty ( 4 1 5 )  751-8040 
Nashville, Tennessee 37235 
( 6 1 5 )  322-2691 Sharon M. Robinson 

Oak Ridge NatLsnal Laboratory 
J,eRoy S .  Person P. 0. BOX X 
Low-Level Waste Branch Oak Ridge, Tennessee 37831 
Office of Materials and Safeguards ( 6 1 5 )  576-6814 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 8111 R. Rodgem 

Oak Ridge Nat tonal  Laboratory 
Koy G. P o s t  P. 0. BOX X 
Department of Nuclear and Oak Ridge, Tennessee 37831 

University of Arizona 
Tucson, Arizona 857 2 1 Thomas H, Row 
( 6 0 2 )  621-6150 Oak Ridge National Laboratory 

RussePl M. Propst Oak Ridge, Tennessee '3i8.31 
Duke Power Company ( 6 1 5 )  574-5914 
P. 0. BOX 33183 
Charlotte, N o r t h  Carolina 28242 
( 7 0 4 )  373-2377 

Energy Engineering ( 6 1 5 )  574-6819 

P o s t  Office Rsx x 
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D e l l a  M. Roy 
Pennsylvania S t a t e  Univers i ty  
217 MJLL 
Univers i ty  Park,  Pennsylvania 16802 
(814) 865-1196 

J e f f r e y  L. Smiley 
U.S .  Department of Energy 
NE-25, E-436/GTN 

( 30 1) 353-42 16 
WaShiRgtOR, DC 20545 

Rafael  Soto 
Chem-Nuclear Systems, Inc. 
220 Stoneridge Road 
Columbia, South Carol ina 29210 
(803) 256-0450 

Catherine C .  Stanton 
D a m e s  and Moore 
20 Haarlem Avenue 
White P l a i n s ,  New York 10603 

Peter K. Sweeney 
Gibbs and H i l l ,  Inc. 
1 1  Penn Plaza  
New York, New York 10001 
(212)  760-4164 

Michael M. Thomas 
Black &. W a t c h  Engineers-Architects 
P. 0. Box 8405 
Kansas City ,  Missouri  641 14 
(913) 339-2828 

Joe  M. Walden 
Alabama Power Company 
P. 0. Box 470 
Ashford, Alabama 36312 
(205) 899-5156 Ext. 465 

Paul  C. Williams 
Stock Equipment Company 
16490 C h i l l i c o t h e  Road 
Chagrin F a l l s ,  Ohio 44022 
(216) 543-6000 
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INTERNAL DISTRIBUTION 

1. 
2. 
3. 
4 .  
5. 
6 .  
7. 
8 .  
9. 
10. 
11. 
12. 
13. 

14-18. 
19. 
20. 
21 * 

22-26. 
27. 

28-32. 

6 4 .  

65.  

66 .  

67. 

68. 
69 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

S .  I. Auerbach 
J. T. Bell 
J. 0. Blomeke 
D. W. Burton 
A. G .  Croff 
L. R. Dole 
L. D. Eyman 
C. S. Fore 
C. W. Forsberg 
E. J. Frederick 
R. K. Genung 
T. M, Gilliam 
R. W. Glass 
M. W. Godbee 
R. E. Helms 
F. J. Homan 
E. K. Johnson 
R. L. Jolley 
C. Gordon Jones 
A. H. Kibbey 

33 
34 . 
35. 
36 
37. 
38 , 
39 
40. 
41. 

42-46. 
47 . 

48-52. 
53. 

54-58 . 
59. 
60 
61. 
62. 
63. 

J. A. Klein 
E. H. Krieg 
S. A. Mashburn 
L. J. Mezga 
J, P. Nichols 
T. W. Oakes 
D. R. Reichle 
A, L. Rivera 
S, M. Robinson 
3. R. Rodgers 

M, G. Stewart 
V. C, A. Vaughen 
R. G. Wymer 
ORNL Y-12 Library 
Laboratory Records 
Laboratory Records, RC 
ORNL Patent O f f  ice 
Central Research Library 
Document Reference Section 

T. H. ROW 

EXTERNAL DISTRIBUTION 

Edward Albenesius, du Pont de Nemours and Co., Savannah River 
Laboratory, Bldg. 7738, Aiken, SC 29808 
M. J, Barainca, Program Manager, Low-Level Waste Program, DOE 
Idaho Operations Office, 785 DOE Place, Idaho Falls, ID 83402 
Battelle Memorial Institute, Technical Information Center, 
505 King Ave., Columbus, OH 43201 
Gary A. Benda, Chem-Nuclear Systems, Inc., 220 Stoneridge Drive, 
Suite 100, Columbia, SC 29036 
Carl Behrens, Library of Congress, CRS-ENR, Washington, DC 20540 
Mary L. Birch, Duke Power Co., Nuclear Production Department, 
P. 0. Box 33189, Charlotte, NC 28242 
Tom Blackburn, Texas LLRW Disposal Authority, 7703 N. Lamas l31vd. 
Suite 300, Austin, TX 78752 
J. J. Blakeslee, Program Manager, Nuclear Waste Processing, Rocky 
Flats Plant, P.  0. Box 4 6 4 ,  Golden, CD 80401 
R. K. Blauvelt, Monsanto Research Gorp., Mound Facility, P. 0. 
Box 32, Miamisburg, OH 45342 
S .  S .  Borys, Argonne National Laboratory, Office of the Director, 
Bldg. 208-A230, 9700 S. Cass Ave. , Argonne IL 60439 
Brookhaven National Laboratory, Library Division, Bldg. 830, 
Nuclear Waste Management, Upton, NY 11973 
Carolina Power & Light Company, 411 Fayetteville Street, Raleigh, 
NC 27602 
Dr. Robert J. Cash, Westinghouse Hanford Co., P.O. Box 1970, 
W/C-37, Richland, WA 99352 
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77. 

78.  

79. 

80.  

81 e 

812. 

83. 

84 e 

85. 

86 

87. 

88. 

89. 

90 e 

91. 

92.  

93. 

94 a 

95. 

96. 

97-100. 

101. 

102. 

103. 

104 e 

Galen R. Clymer, Nuelear Waqte Supervisor ,  Crys t a l  River Nuclear 
Power P lan t ,  P,O. Box 1248, Crys t a l  River,  PL 32629 
Donald 8. Charlesworth,  Chalk River Environmental Authori t y  , 
Atomic Energy of Canada, Ltd., a a l k  Rfver,  Ontarto K O J l J O ,  
Canada 
Texas Chee, DOE OfEice of DeFetise Programs, U.S. 'Department of 

A-225/GTN, Washington, DC 20545 
W i l l l . a m  Co lg laz i e r ,  Univers i ty  of Tennessee, Direc to r ,  Energy 
Envirorment and Resources Center, 327 South Stadium H a l l ,  
Knoxvi l le ,  TN 37916 
Pe te r  Colombo, Brookhaven Nat ional  Laboratory,  Nuclear  Waste 
Resource Group, Bldg. 701, Upton, NY 11973 
lhrvll  Crase, US Ecology, Inc., P. 0. Box 7246, L o u i s v i l l e ,  
KY 40207 
Dairyland Power C o ~ p e r a t i v e ,  P.O. Box 817, LaGrosse, WI 
54602-0817 
P a t r i c k  J. Dost ie ,  Lead Rad Controls S p e c i a l i s t  
Atomic Power Company, P.O. Box 408, Wiscaaset,  
Kenneth H. Dufrane, C h a t m a n ,  ATCOR Engineered. 
Dar l ing  Drive, Avon, CT 06001 
Duke Power Company, Oconee Menclear S t a t i o n ,  P.O. Box 1439, 
Seneca, SC 29698 
Ralph G. Eas l ick ,  Radwaste Supervisor ,  Gulf S t a t e s  U t i l i t i e s  
Company, P.O. Box 220, S t .  F r a n c i s v i l l e ,  LA 70775 
EG ti G Idaho, Technical  Librcnry, UnPv. Pl., Y. 0. Box 1625, 
Idaho F a l l s ,  ID 83415-1625 
A. W. F u l l e r ,  EMS-305, United S t a t e s  Nuc.1 ear Regulatory 
Commission, Washingt~n, DC 20555 
D r .  Richard L. Gay, Chemical & Material Processes ,  Atomics 
I n t e r n a t i o n a l ,  R~ckwi?l l  I n t e r n a t i o n a l ,  6633 Canoga Avenue, Canoga 
Park,  CA 91304 
Thomas Gervsky, Appalachian Compact, P. 0. Hox 2063, Harr i sburg ,  
PA 17120 
Edward L, Helminski ,  The Radioact ive Ewehange, P.O. Box 9528, 
Washington, DC 20016 
Sue Hobart , Electric Power %search  I n s t i t u t e ,  3412 Hil lview 
Ave., P a l o  Alto, (2.4 94303 
W i l l i a m  F. Holcomb, Of t i ces  of Radiat ion Programs, U.S. 
Environmental P ro tec t ion  Agency, 401 M Street SW, 
Am-460 , Washington, K. 20460 
Houston Light ing  h P O W ~ Z ~  Company, P.O. Box 289, Wadswort'ta, TX 
77483 
Terry IPussman, Nortliwest Intt?rst;ate Compact Wash. Dept. of  
Ecology PV-TI, Olympia, WA 98504 
Edward A. Jennr ich ,  E G G  Idaho, Inc., P. 0. Box 1625, Idaho 

Nancy E. Kaiser, Southern States Energy Board, 2300 Peachford 
ua., S ~ l t e  1230, A t l an ta ,  GA 30338 
Nancy P. Kirner ,  k s t e  Management DSHS, Mails top LE-13, Staee  of 
Washington, Olympia, WA 98504 
Radovan Kohout, Ontar io  Hydro, 700 Univers i ty  h e , ,  TOFWCICO, 
Ontar io  a G l X 6 ,  Canada 
Charles M. Koplik, TASC, O n e  Jacob Way, Reading, EM 01867 

P a l l s ,  ID 83415 
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LOS-106 a 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

12s. 

12.bs 

127-131. 

N o r i n i t s u  Koshiba,  General  Manager, Nuclear  R e p r e s e n t a t i v e  
O f f i c e ,  J G C  Corpora t ion ,  1875 I S t r e e t  N.W., Washington, DC 
20006 
L. T, Lakey, I n t e r n a t i o n a l  Program Support  O f f i c e ,  P a c i f i c  
Northwest Labora tory ,  P.0. Box 999, Richland,  WA 99352 
T e r r y  Lash, I l l i n o i s  Dept. of Nuclear  S a f e t y ,  C e n t r a l  Midwest 
Compact Corn., 1035 Outer Park Drive,  S p r i n g f i e l d ,  I L  62704 
Bruce L i b u t t i ,  Graver Chemical, 2720 U.S, Highway 22, Union, N J  
07083 
V i l i j a  Markunas, Sandia  N a t i o n a l  L a b o r a t o r i e s ,  D i v i s i o n  6321, 
P.P. Box 5800, Albuquerque, NM 87185 
D. L. Michl ink,  Tennessee Val ley  A u t h o r i t y ,  D i v i s i o n  of 
Engineer ing  and Technica l  S e r v i c e s  , 400 West Summit Hill Drive ,  
Knoxvi l le ,  TN 37914 
L. F. Miller, Department of %clear Engineer ing ,  U n i v e r s i t y  of 
Tennessee,  Knoxvi l le ,  TN 37996 
M. E. M i t c h e l l ,  Oak Ridge Y-12 P l a n t ,  P. 0. Box Y ,  Bldg. 
9704-1, MS-1, Oak Ridge, TN 33831 
N a t i o n a l  Academy of S c i e n c e s ,  Committee on Radwaste Management, 
Km. JH-826, 2101 C o n s t i t u t i o n  Ave. NW, Washington, DC 20418 
Robert  M. Nei lson,  Jr.,  INEL/EG&G Idaho, Inc. - ILF 216, P.0. 
Box 1625, Idaho Falls, I D  83415 
Nuclear  Regula tory  Commission, L i b r a r y  D i v i s i o n ,  160, 
Washington, DC 20555 
D. T. Oakley, Program Manager f o r  Waste Management:, Los Alamos 
N a t i o n a l  Labora tory ,  MS F671, P. 0. Box 1663, Los Alamos, 
NPI 83545 
Edward O'Donnell, U. S. Nuclear Regula tory  Commission, Mail Stop 
1130 SS, Washfngton, DC 20555 
Off ice  of A s s i s t a n t  Manager f o r  Energy Research & Development, 
DOE/ORO, P. 0. BQX E, Oak Ridge, TN 37831 
Harry O t t o ,  Nor theas t  Compact Commission, 89 Kings Hwy., F. 0. 
Box 1401, Dover, DE 19903 
L a r r y  C, Oyen, Radwaste D i v i s i o n ,  Sargent  and Lundy Engineers ,  
55  E a s t  Monroe S t r e e t  Chicago, TI, 60603 
Frank L. P a r k e r ,  Department of Environmental  Engineer ing ,  
108 New Engineer ing  B u i l d i n g ,  V a n d e r b i l t  U n i v e r s i t y ,  N a s h v i l l e ,  
TN 37235 
A l l a n  P a s t e r n a k ,  C a l i f o r n i a  R a d i o a c t i v e  Materials, Management 
Forum, 455 C a p i t o l  M a l l ,  S u i t e  380, Sacramento,  CA 95814 
Richard Paton,  Midwest I n t e r s t a t e  LLRGI Corn., 350 N, Robert  
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