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PREFACE 

P a c i f i c  Northwest L a b o r a t o r y ' s  (PNL) 1979 Annual Repor t  t o  t h e  Department o f  Energy (DOE) 

A s s i s t a n t  Secre ta ry  f o r  Environment descr ibes research i n  environment, heal th ,  and s a f e t y  

conducted d u r i n g  f i s c a l  year  1979. The r e p o r t  again c o n s i s t s  o f  f i v e  p a r t s ,  each i n  a 

separate volume. 

The f i v e  p a r t s  o f  t h e  r e p o r t  are o r i e n t e d  t o  p a r t i c u l a r  segments o f  our  program. P a r t s  

1- 4 r e p o r t  on research performed f o r  t h e  DOE O f f i c e  o f  H e a l t h  and Environmental Research. 

P a r t  5 r e p o r t s  progress on a l l  o ther  research performed f o r  t h e  A s s i s t a n t  Secre ta ry  f o r  

Environment, i n c l u d i n g  t h e  O f f i c e  o f  Technology Impacts and t h e  O f f i c e  o f  Environmental 

Compliance and Overview. Each p a r t  c o n s i s t s  o f  p r o j e c t  r e p o r t s  authored by  s c i e n t i s t s  f rom 

severa l  PNL research departments, r e f l e c t i n g  t h e  i n t e r d i s c i p l i n a r y  n a t u r e  o f  t h e  research  

e f f o r t .  P a r t s  1- 4 are organized p r i m a r i l y  by energy technology. 

The p a r t s  o f  t h e  1979 Annual Report are: 

P a r t  1: Biomedical Sciences 

Program Manager - H. Drucker D. L. Fe l ton ,  E d i t o r  

P a r t  2: E c o l o g i c a l  Sciences 

Program Manager - B. E. Vaughan B. E. Vaughan, Repor t  Coord ina to r  

C. H. Connal ly,  E d i t o r  

P a r t  3: Atmospheric Sciences 

Program Manager - C. E. E l d e r k i n  R. L. Drake, Repor t  Coord ina to r  

G. B. Long, E d i t o r  

P a r t  4: Phys ica l  Sciences 

Program Manager - J. M. N i e l s e n  J. M. N ie lsen,  Repor t  Coord ina to r  

J. L. Hooper, E d i t o r  

P a r t  5: Environmental Assessment, Con t ro l ,  

H e a l t h  and Safety .  

Program Managers - D. L. Hessel 

S. Marks W. J. B a i r ,  Repor t  Coord ina to r  

C. M. Unruh R. W. Baalman, C. W. Dotson, E d i t o r s  



A c t i v i t i e s  o f  t h e  s c i e n t i s t s  wbose work i s  descr ibed  i n  t h i s  annual r e p o r t  are broader  i n  

scope than  t h e  a r t i c l e s  i n d i c a t e .  PNL s t a f f  have responded t o  numerous reques ts  f r o m  DOE 

d u r i n g  t h e  year  f o r  p lanning,  f o r  s e r v i c e  on v a r i o u s  task  groups, and f o r  s p e c i a l  ass is tance.  

C r e d i t  f o r  t h i s  annual r e p o r t  goes t o  many s c i e n t i s t s  who performed t h e  research  and 

wro te  t h e  i n d i v i d u a l  p r o j e c t  r e p o r t s ,  t o  t h e  program managers who d i r e c t e d  t h e  research  and 

coord ina ted  t h e  t e c h n i c a l  progress r e p o r t s ,  t o  t h e  e d i t o r s  who e d i t e d  t h e  i n d i v i d u a l  p r o j e c t  

r e p o r t s  and assembled t h e  f i v e  p a r t s ,  and t o  Dr. Ray Baalman, e d i t o r  i n  c h i e f ,  who d i r e c t e d  

t h e  t o t a l  e f f o r t .  

W. J. Ba i r ,  Manager 

S. Marks, Assoc ia te  Manager 

Environment, Heal th ,  and S a f e t y  Research 

Program 

Prev ious  Repor ts  i n  t h i s  s e r i e s :  

Annual -Report f o r  

1951 W-25021, HW-25709 
1952 HW-27814, HW-28636 
1353 HW-30437, HW-30464 
1954 HW-30306, HW-33128, HW-35905, HW-35917 
1955 HW-39558, HW-41315, HW-41500 
1956 HW-47500 
1957 HW-53500 
1958 HW-59500 
1959 HW-63824, HW-65500 
1960 HW-69500, HW-70050 
1961 HW-72500, HW-73337 
1962 HW-76000, HW-77609 
1963 HW-80500, HW-81746 
1964 BNWL-122 
1965 BNWL-280, BNWL-235, Vol.  1-4, BNWL-361 
1966 BNWL-480, Vol. 1, BNWL-481, Vol. 2, Pt .  1-4 
1967 BNWL-714, Vol .  1, BNWL-715, Vol  2, Pt.  1- 4 
1968 BNWL-1050, Vol. 1, Pt. 1-2, BNWL-1051, Vol. 2, Pt .  1-3 
1969 BNWL-1306, Vol.  1, Pt. 1-2, BNWL-1307, Vol .  2, P t .  1-3 
1970 BNWL-1550, Vol. 1, Pt. 1-2, BNWL-1551, Vol. 2, Pt .  1-2 
197 1 BNWL-1650, Vol. 1, Pt .  1-2, BNWL-1651, Vol .  2, P t .  1-2 
1972 BNWL-1750, Vol. 1, Pt. 1-2, BNWL-1751, Vol.  2, Pt .  1-2 
1973 BNWL-1850, Pt .  1-4 
1974 BNWL-1950, Pt.  1-3 
1975 BNWL-2000, Pt .  1-4 
1975 BNWL-2100, Pt. 1-5 
1977 PNL-2500, Pt .  1-5 
1978 PNL-2850, Pt.  1-5 



P a r t  5 o f  t h e  1979 Annual Repor t  t o  t h e  Department o f  Energy A s s i s t a n t  Secre ta ry  f o r  t h e  

Environment p resen ts  P a c i f i c  Northwest L a b o r a t o r y ' s  progress on work performed f o r  t h e  

O f f i c e  o f  Technology Impacts, t h e  O f f i c e  o f  Environmental Compliance and Overview, and t h e  

O f f i c e  o f  H e a l t h  and Environmental Research. The r e p o r t  i s  i n  fou r  sect ions,  i n t r o d u c e d  by 

b l u e  d i v i d e r  pages, corresponding t o  t h e  program elements: Technology Impacts, Envi ron-  

menta l  C o n t r o l  Engineer ing,  Opera t iona l  and Environmental Compliance, and Human H e a l t h  

Studies.  

P r o j e c t s  such as those d e a l i n g  w i t h  decontanii n a t i o n  and decommissioning o f  nuc lear  f a c i -  

l i t i e s  t h a t  were t r a n s f e r r e d  t o  Energ,y Technology f rom t h e  Environment Program t h i s  p a s t  

year  a re  n o t  inc luded  i n  t h i s  r e p o r t .  

I n  each sec t ion ,  a r t i c l e s  descr ibe  progress made d u r i n g  FY 1979 on i n d i v i d u a l  p r o j e c t s ,  

as i d e n t i f i e d  by t h e  Work Package Proposal  and A u t h o r i z a t i o n  System. Authors o f  these 

a r t i c l e s  represen t  a  broad spectrum o f  c a p a b i l i t i e s  d e r i v e d  f rom v a r i o u s  segments o f  t h e  

l a b o r a t o r y ,  r e f l e c t i n g  t h e  i n t e r d i s c i p l i n a r y  na tu re  o f  t h e  work. 

For  a d d i t i o n a l  i n f o r m a t i o n  on any o f  t h e  p r o j e c t s  r e p o r t e d  i n  t h i s  Par t ,  con tac t  t h e  

authors o f  t h e  a r t i c l e s .  
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TECHNOLOGY IMPACTS 

Policy Analysis 

Technology Assessment 

Environmental Impacts 

Regional Assessment 

The integrated technology overview program, funded by the Department of 
Energy (DOE) Office of Technology Impacts, is a mechanism by which health, envir- 
onmental, social, economic, and institutional factors are combined into a form useful 
for energy planning and decision making. This program selectively combines infor- 
mation about the potential effects of alternative energy technologies (such as waste 
releases, land and water use, and social effects) and about constraints on the devel- 
opment and use of these technologies to produce broad-based assessments of the 
advantages and disadvantages of energy and conservation policy options. As a corol- 
lary, needs for further research, development, and technology transfer are identified. 

The Office of Technology lmpacts i s  organized into four divisions which are 
named after their respective roles as listed above. The program at the Pacific North- 
west Laboratory (PNL) is  similarly divided. 

Projects conducted for the Division of Policy Analysis are typically aimed at 
reviews of specific policy actions outside of DOE which are expected to affect DOE 
programs. Technology Assessment projects focus on respective energy production 
technologies. These projects evaluate the readiness of these technologies for com- 
mercial application and the likely consequences of their deployment under appro- 
priate national energy and environmental policy assumptions. 

The projects of the Division of Environmental lmpacts are designed to improve 
analytical methodologies; facilitate the collection, storage, and transmission of 
energy and environmental information; and project gross national and regional 
environmental effects associated with national policy options. Regional Assessment 
considers in some detail the consequences of various national energy policy alterna- 
tives as represented by scenarios in which a portfolio of energy technologies is  consi- 
dered to be deployed in the region. At PNL these assessments are directed at the four 
Pacific Northwest states-Alaska, Washington, Oregon and Idaho. The regional work 
includes characterization of the region as it i s  now, identification and assessment of 
regional issues, and possible approaches to mitigation of regional problems interfer- 
ing with implementation of national policy. 



Policy Analysis 

Pacific N o r t h w e s t  Laboratory  s u p p o r t e d  t h e  D iv i s ion  o f  Pol icy Analysis i n  t h e  rev iew o f  some p r o p o s e d  
radiat ion p r o t e c t i o n  regulat ions. However ,  t h e  p r inc ipa l  e f f o r t  c o n d u c t e d  u n d e r  this par t  o f  t h e  p r o g r a m  
concerned  transuranics in t h e  e n v i r o n m e n t  o n  Enewetak Ato l l .  

Transuranics i n  t h e  Environment--Enewetak 
At01 1 

W. J. Ba i r ,  J. ~ e a l ~ , ( a )  
B. W. Wachho1z.Y~) 

The purpose o f  t h i s  p r o j e c t  was t o  w r i t e  
a document t o  suppor t  a Department o f  Energy 
p r e s e n t a t i o n  t o  t h e  people o f  Enewetak A t o l l  
i n  t h e  Marshal l  I s lands .  The document de- 
s c r i b e s  t h e  c u r r e n t  r a d i o 1  o g i c a l  c o n d i t i o n s  
r e s u l t i n g  f r o m  t h e  nuc lear  weapons t e s t s  
conducted on Enewetak A t o l l  between 1948 and 
1958. The document p rov ides  dose assessments 
f o r  v a r i o u s  l i v i n g  c o n d i t i o n s  and a lso  d i s -  
cusses t h e  p o s s i b l e  h e a l t h  r i s k s  t h e  people 
m i g h t  f a c e  should t h e y  decide t o  r e t u r n  t o  
l i v e  on t h e  A t o l l .  

Th is  dual- language document was d r a f t e d  i n  
E n g l i s h  and t r a n s l a t e d  i n t o  Marshal lese u s i n g  
a dynamic e q u i v a l e n t  t r a n s l a t i o n  method. The 
E n g l i s h  t e x t  i s  a m o d i f i e d  l i t e r a l  t r a n s l a -  
t i o n  o f  t h e  Marshal lese.  The t e x t  was t r a n s-  
l a t e d  by A. Buck, M. Je lke,  and K. Sam f rom 
t h e  Marsha l l  I s lands .  Spec ia l  g raph ics  were 
c rea ted  by H. E. Krueger w i t h  ass is tance  
f rom M. P. Hutton, M. C. Sheets, and P. A. 
Andersen, a l l  f rom P a c i f i c  Northwest Labo- 
r a t o r y  (PNL). The document was e d i t e d  by  
R. W. Baalman, PNL. J. Iaman, f rom t h e  
Marshal 1 I s 1  ands, acted as medical 
consu l tan t .  

(a )  Los Alarnos S c i e n t i f i c  Laboratory .  
(b )  Department o f  Energy. 



Technology Assessment 

W o r k  i n  Techno logy  Assessment cons idered  a var ie ty  o f  energy  technologies.  S o m e  o f  it was d i rec ted  
t o w a r d  t h e  p repara t ion  o r  rev is ion o f  b r i e f  Env i ronmenta l  D e v e l o p m e n t  Plans a n d  Env i ronmenta l  Readi-  
ness Documents .  O t h e r  w o r k  focused  o n  t h e  c o n d u c t  o f  t e c h n o l o g y  assessments. T h e  p roduc ts  o f  b o t h  
types o f  e f for ts  are used  b y  t h e  Assistant Secretary f o r  Env i ronment  as a basis f o r  a d o p t i n g  a pos i t i on  o n  
f u r t h e r  d e v e l o p m e n t  a n d  app l i ca t ion  o f  respect ive energy  technologies a n d  o n  o t h e r  energy po l i cy  
matters. 

Environmental Development Plans and 
Envi ronmenta l  Readiness Documents 

The Environmental Development Plans (EDPs) 
are prepared by  t h e  Technology Assessment 
D i v i s i o n  j o i n t l y  w i t h  a p p r o p r i a t e  energy 
techno logy  d i v i s i o n s .  The o b j e c t i v e  o f  t h i s  
p a r t  o f  t h e  Technology Assessment program i s  
t o  prepare and, as necessary, r e v i s e  an EDP 
f o r  techno log ies  o f  i n t e r e s t .  The EDP p r o-  
v ides  a mechanism t o  i d e n t i f y  areas o f  po-  
t e n t i a l  env i ronmenta l  concern, t o  eva lua te  
t h e  c u r r e n t  s t a t u s  o f  t h e  env i ronmenta l  r e -  
search s t u d i e s  r e l e v a n t  t o  t h e  r e s p e c t i v e  
techno log ies ,  and t o  i d e n t i f y  research p ro-  
grams needed i n  areas n o t  r e c e i v i n g  adequate 
a t t e n t i o n  i n  c u r r e n t  s tud ies .  The EDPs i n -  
c lude  compi la t ions  o f  known p e r t i n e n t  r e -  
search programs w i t h  sumnaries o f  t h e  r e s u l t s  
o f  these e f f o r t s ,  as appropr ia te .  They a lso  
i d e n t i f y  areas where f u r t h e r  research and 
development programs are requ i red .  

Envi ronmenta l  Readiness Documents ( ERDs) 
a re  prepared by  t h e  Technology Assessment 
D i v i s i o n  as statements o f  t h e  A s s i s t a n t  
Secre ta ry  f o r  Envi ronment 's  e v a l u a t i o n  o f  
t h e  p rospec ts  f o r  t h e  r e s p e c t i v e  techno lo-  
g ies.  EDPs and ERDs are updated every  year  
o r  two t o  keep then1 abreast  o f  changes i n  
t h e  s t a t u s  o f  t h e  techno log ies  and o f  know- 
ledge  about t h e  p o t e n t i a l  e f f e c t s  o f  these  
techno log ies .  

One EDP on which P a c i f i c  Northwest Labo- 
r a t o r y  (PNL) performed s u b s t a n t i a l  work i n  
1979 concerns Nuclear  Fue l  Cyc le M a t e r i a l  
T ranspor ta t ion .  It was found t h a t  t h e  
t r a n s p o r t a t i o n  o f  nuc lear  m a t e r i a l  e n t a i l s  
r i s k s ,  however small ,  o f  a c c i d e n t a l  re leases  

o f  r a d i o n u c l i d e s  i n t o  t h e  environment. The 
a c t i v i t y  a l s o  imposes a number o f  o t h e r  po- 
t e n t i a l  impacts upon t h e  environment. Most 
o f  these impacts a re  t y p i c a l  o f  t r a n s p o r t a-  
t i o n  a c t i v i t i e s  genera l l y ,  a l though  some are  
unique t o  t h e  t r a n s p o r t a t i o n  o f  r a d i o a c t i v e  
m a t e r i a l s .  Consequently, env i ro r~menta l  r e -  
search programs are r e q u i r e d  which p r o v i d e  
i n f o r m a t i o n  on t h e  k i n d s  and e x t e n t  o f  po-  
t e n t i a l  impacts and measures f o r  m i t i g a t i n g  
them. Since many governmental agencies and 
p r i v a t e  groups are i n v o l v e d  i n  i d e n t i f y i n g  
and hand l ing  p o t e n t i a l  env i ronmenta l  p rob-  
lems assoc ia ted  w i t h  t r a n s p o r t a t i o n  o f  nu- 
c l e a r  m a t e r i a l s ,  c o o r d i n a t i o n  and assessment 
o f  t h e  ongoing research a c t i v i t i e s  are 
c r i t i c a l .  

Other EDPs t o  which PNL made s u b s t a n t i a l  
i n p u t s  concerned magnetic fus ion ,  coa l  l i q u e-  
fac t ion ,  and coa l  g a s i f i c a t i o n .  Reviews 
were conducted on others,  e s p e c i a l l y  those 
on gas recovery  f rom unconvent ional  sources, 
enhanced o i l  recovery,  and o i l  shale. 

L a t e  i n  t h e  year, PNL undertook an ERD on 
magnetic fus ion .  ERDs a re  e s p e c i a l l y  impor- 
t a n t  a t  k e y  t r a n s i t i o n  phases o f  an emerging 
technology. Magnetic f u s i o n  technology i s  
i n  t r a n s i t i o n  f rom t h e  b a s i c  research phase 
t o  t h e  developmental research phase; i t  i s  
a p p r o p r i a t e  a t  t h i s  t i m e  t o  cons ider  t h e  
s t a t u s  o f  t h e  env i ronmenta l  i ssues  i n  prepa-  
r a t i o n  f o r  t h e  t r a n s i t i o n .  The Magnetic 
Fus ion  ERD i s  a j o i n t  e f f o r t  i n c l u d i n g  PNL, 
Teknekron, and Aerospace Corporat ion.  The 
c o n t r i b u t i n g  o r g a n i z a t i o n s  have de f ined  t h e  
p r o j e c t  scope, o b j e c t i v e ,  t e c h n i c a l  approach, 
and d i v i s i o n  o f  r e s p o n s i b i l i t i e s .  



Technology Assessment o f  Environmental and 
S a f e t y  Aspects f o r  t h e  Enhanced Recovery o f  
N a t u r a l  Gas f rom Unconventional Geologic  
Sources 

E. F. R iede l  

E f f o r t s  t o  f i n d  more n a t u r a l  gas have 
i n t e n s i f i e d  over t h e  pas t  decade. As con- 
v e n t i o n a l  sources have become depleted,  
newer unconvent ional  sources are r e c e i v i n g  
g r e a t e r  a t t e n t i  on. However, b e f o r e  these  
unconvent ional  sources can add s i g n i f i c a n t l y  
t o  o u r  n a t i o n ' s  supp ly  o f  n a t u r a l  gas, t h e  
p u b l i c  h e a l t h  and sa fe ty ,  env i ronmenta l ,  
s o c i a l ,  economic, and l e g a l / p o l i t i c a l  con- 
sequences and c o n s t r a i n t s  t h a t  n i ight  be 
assoc ia ted  w i t h  these techno log ies  niust be 
examined. Th is  assessment i s  l i m i t e d  t o  t h e  
examinat ion o f  t h e  p o t e n t i a l  p u b l i c  h e a l t h  
and s a f e t y  problems and t h e  p o t e n t i a l  
env i ronmenta l  impacts. 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  iden-  
t i f y  and eva lua te  known, p o t e n t i a l ,  and 
h e r e t o f o r e  unknown envi ronmenta l  and s a f e t y  
concerns assoc ia ted  w i t h  t h e  recovery  o f  
n a t u r a l  gas from unconvent ional  sources. 
Resu l t s  o f  t h i s  s tudy  w i l l  be used t o  evalu-  
a te  t h e  commerc ia l i za t ion  o f  f o u r  resources:  

t i g h t  western sands 
methane f rom coa l  seams 
Devonian Age shales 
methane f rom geopressured a q u i f  i e r s .  

I n  FY 1979, P a c i f i c  Northwest Labora to ry  
focused p r i m a r i l y  on t h e  resource o f  t i g h t  
western sands w i t h  a  l i m i t e d  amount o f  work 
on t h e  resource o f  methane f rom coa l  seams. 
I n  FY 1980, t h e  remain ing two resources w i l l  
be examined w i t h  t n e  ass is tance  o f  Lawrence 
Berke ley  Laboratory .  Resu l t s  f rom these 
assessments a long w i t h  r e s u l t s  f rom t h e  
s tudy  o f  methane f rom coa l  seams w i l l  be 
i n c l u d e d  i n  a  f i n a l  r e p o r t  t h a t  t h e  Depar t-  
ment o f  Energy w i l l  use f o r  r a n k i n g  t h e  
c o m n e r c i a l i z a t i o n  e f f o r t  f o r  these  n a t u r a l  
gas resources.  

Technology Assessment o f  O i l  Shale 

D. L. Hessel 

O i l  sha le  i s  a  resource o f  g r e a t  poten-  
t i a l  s i g n i f i c a n c e  t o  t h e  U n i t e d  States.  The 
major o i l  sha le  depos i t  i n  t h e  country ,  t h e  
Green R i v e r  Format ion o f  Colorado, Wyoming, 
and Utah, con ta ins  t h e  e q u i v a l e n t  o f  two 
t r i l l i o n  b b l  o f  o i l .  That  p o r t i o n  o f  t h e  
resource  w i t h  g r e a t e s t  economic p o t e n t i a l ,  
averaging 25 o r  more g a l  pe r  t o n  o f  rock,  
c o n t a i n s  t h e  equ iva len t  o f  some 600 b i l l i o n  
b b l .  By comparison, t h e  U.S. domestic 

pe t ro leum reserves  were es t imated  a t  about 
30 b i l l i o n  b b l  i n  January 1978. However, 
t h e  sha le  o i l  p o t e n t i a l  i s  tempered by  
p h y s i c a l  l i m i t a t i o n s  on t h e  r a t e  o f  p r o -  
duc t ion ,  l ong  t e c h n i c a l  development lead  
time, and h i g h  costs .  

No sha le  o i l  p r o d u c t i o n  method has been 
demonstrated beyond t h e  s c a l e  o f  100 b b l /  
day. Numerous u n c e r t a i n t i e s  e x i s t  about 
t h e  p h y s i c a l  and economic s u i t a b i l i t y  f o r  
development o f  t h e  c u r r e n t  processes t o  
commercial s i z e d  p l a n t s  o f  10,000 t o  50,000 
bbl /day.  As w i t h  o t h e r  energy techno log ies  
based on f o s s i l  f u e l s ,  sha le  o i l  p r o d u c t i o n  
and use pose c o n t r o v e r s i a l  ques t ions  about 
p o s s i b l e  undes i rab le  e f f e c t s  on t h e  n a t u r a l  
environment, a g r i c u l t u r e ,  and human h e a l t h  
and sa fe ty .  

The o i l  sha le  assessment descr ibed  here 
was undertaken: 

1. t o  p r o v i d e  a  comprehensive, o b j e c t i v e  
rev iew o f  sha le  o i l  techno log ies  as a  
means o f  supp1,ying d o m e s t i c a l l y  produced 
f u e l s  w i t h i n  acceptable l i m i t s  f o r  e n v i -  
ronmental,  s o c i a l ,  economic, and l e g a l /  
i n s t i t u t i o n a l  impacts; 

2. t o  examine t h e  major  p o i n t s  o f  u n c e r t a i n-  
t y  regard ing  p o t e n t i a l  impacts i n  l i g h t  
o f  a l l  reasonably  a v a i l a b l e  data, ana l-  
yses, and exper ienced judgment; 

3. t o  r e s o l v e  i ssues  when data and analyses 
are compe l l i ng  o r  where conc lus ions  can 
be reached on judgmental grounds; and 

4. t o  s p e c i f y  i ssues  which cannot be r e s o l v e d  
u s i n g  o n l y  t h e  data, analyses, and e x p e r i -  
enced judgment c u r r e n t l y  a v a i l a b l e .  

Since most o f  t h e  r i c h  o i l  sha le  l i e s  i n  
nor thwestern Colorado, nor theas te rn  Utah, 
and southwestern Wyoming, t h i s  assessment i s  
focused on development o f  t h e  resource  i n  
t h a t  area. A wide v a r i e t y  o f  above-ground 
and m o d i f i e d  i n - s i t u  r e t o r t i n g  processes a r e  
incorpora ted  i n t o  a  h y p o t h e t i c a l ,  b u t  r e a l i s  
t i c ,  t e c h n o l o g i c a l  mix  as a  b a s i s  f o r  anal-  
y s i s .  T h i s  mix i s  designed t o  produce 
300,000 b b l l d a y  when f u l l y  implemented, as- 
sumed t o  be about 1990 o r  1995. Rigorous 
c o n s i d e r a t i o n  o f  these  techno log ies  a t  t h i s  
s c a l e  should r e s u l t  i n  r e c o g n i t i o n  o f  most 
o f  t h e  p o t e n t i a l l y  s i g n i f i c a n t  impacts o f  a  
mature sha le  o i l  p r o d u c t i o n  i n d u s t r y .  The 
assessment considers these  impacts i n  t h e  
ca tegor ies  o f  e f f e c t s  on media ( a i r ,  s u r f a c e  
water, ground water, and land) ;  ecosystems 
and a g r i c u l t u r e ;  human h e a l t h  and s a f e t y  
( p r i m a r i l y  occupa t iona l ) ;  s o c i a l  and 
economic systems; and l e g a l / i n s t i t u t i o n a l  
systems. 



The approach f o r  t h e  assessment i n v o l v e s  
two major and i n t e r r e l a t e d  t h r u s t s .  One o f  
these i s  a  s e r i e s  o f  t e c h n i c a l  t a s k s  designed 
t o  assemble and examine a v a i l a b l e  f i e l d  and 
l a b o r a t o r y  data and t o  c a r r y  o u t  systemat ic  
data analyses. The o t h e r  i s  s t r u c t u r e d  
workshops f o r  r e p r e s e n t a t i v e s  o f  p r i v a t e  and 
governmental o r g a n i z a t i o n s  i n t e r e s t e d  i n  o i l  
sha le  development. 

The assessment i s  be ing  conducted by  an 
i n t e r d i s c i p l i n a r y  team o f  s c i e n t i s t s  and 
recognized o i l  sha le  a u t h o r i t i e s .  These 
i n d i v i d u a l s  are drawn f rom P a c i f i c  Northwest 
Laboratory ,  severa l  o t h e r  n a t i o n a l  Depar t-  
ment o f  Energy l a b o r a t o r i e s ,  f rom u n i v e r -  
s i t i e s ,  and c o n s u l t i n g  f i r m s .  

Technology Assessment o f  I n - S i t u  Uranium 
Produc t ion  

C.E. Cowan 

As the  uranium min ing  i n d u s t r y  expands t o  
meet t h e  needs o f  t h e  nuc lear  i n d u s t r y  and 
develop depos i t s  t h a t  are s m a l l e r  and l e s s  
a c c e s s i b l e  by convent ional  methods, t h e  costs  
o f  conven t iona l  methods p e r  u n i t  o f  o r e  r e -  
covered are inc reas ing .  A lso as p u b l i c  env i-  
ronmental awareness and concern about t h e  
p o t e n t i a l  impacts o f  uranium m i n i n g  increase,  
conven t iona l  uranium min ing  methods are en- 
c o ~ ~ n t e r i n g  p u b l i c  o p p o s i t i o n  and 1  i c e n s i n g  
d i f f i c u l t i e s  i n  some areas o f  t h e  country .  
New techniques a re  t h e r e f o r e  be ing  developed, 
tested,  and app l ied  on p i l o t  and commercial 
sca les t o  i~nprove  uranium e x t r a c t i o n  and 
recovery.  I n  p a r t i c u l a r ,  t h e  i n - s i t u  leach-  
i n g  o f  uranium ore  i s  r e c e i v i n g  increased 
a t t e n t i o n ,  e s p e c i a l l y  i n  m in ing  small  e r -  o r  
lower- grade uranium deposi ts .  C u r r e n t l y ,  
comnerc ia l  opera t ions  e x i s t  i n  Texas and 
Wyoming w i t h  p lans  f o r  f u t u r e  o p e r a t i o n s  i n  
o t h e r  p a r t s  o f  t h e  Western Plateau.  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  p re-  
pare  a  r e p o r t  assessing t h e  env i ronmenta l ,  
hea l th ,  and s a f e t y  impacts o f  t h e  i n - s i t u  
uranium leach ing  technology. The technology 
assessment (TA) descr ibes t h e  c u r r e n t  s t a t e  
o f  t h e  a r t  f o r  i n - s i t u  l e a c h i n g  and summa- 
r i z e s  what i s  known about t h e  env i ronmenta l  
impacts; t h u s  i t can serve as an impor tan t  
t o o l  t o  t h e  r e g u l a t o r s .  I n  a d d i t i o n ,  t h e  TA 
w i l l  i d e n t i f y  areas o f  incomplete data f o r  
assess ing impacts and unresolved i ssues  
which can p r o v i d e  a  bas is  f o r  e v a l u a t i n g  t h e  
need f o r  f u t u r e  research o r  r e g u l a t i o n .  

The focus  o f  t h e  tasks  i n  t h i s  p r o j e c t  
are two- fo ld .  The f i r s t  phase i n c l u d e s  a  
rev iew o f  a v a i l a b l e  l i t e r a t u r e ,  i n c l u d i n g  
l i c e n s i n g  documents, and d iscuss ions  w i t h  

persons i n v o l v e d  i n  t h e  i n - s i t u  i n d u s t r y  t o  
determine t h e  recognized impact areas and 
s t i l l  unresolved i ssues  r e l a t i n g  t o  f u t u r e  
development o f  t h e  i n d u s t r y .  It a l s o  
i n v o l v e s  analyses o f  t h i s  i n f o r m a t i o n  t o  
produce q u a n t i t a t i v e  es t imates  o f  impacts. 
The second phase o f  t h e  p r o j e c t  c o n s i s t s  o f  
b u i l d i n g  on t h i s  framework by conduct ing a  
workshop. The workshop p a r t i c i p a n t s  w i l l  
rep resen t  government, environmental,  and i n -  
d u s t r y  groups. The workshop w i l l  f ocus  on 
c l a r i f i c a t i o n  and d i s c u s s i o n  o f  t h e  major  
i ssues  and i d e n t i f i c a t i o n  o f  p o s i t i o n s  on 
t h e  issues. The r e s u l t s  o f  these two phases 
w i l l  be i n t e g r a t e d  i n t o  a  f i n a l  r e p o r t  d i s -  
cuss ing t h e  technology, i d e n t i f y i n g  impacts 
and issues, and p r e s e n t i n g  recommendations 
and conclus ions.  

The p r o j e c t  s t a r t e d  i n  A p r i l  1979 and i n  
t h e  remainder o f  FY 1979 concentrated on 
phase one. T h i s  e f f o r t  i s  s t i l l  c o n t i n u i n g  
and should be conipleted by  t h e  m idd le  o f  
FY 1980. A  workshop has been scheduled f o r  
e a r l y  FY 1980, and p a r t i c i p a n t s  have been 
chosen. The p r o j e c t  i s  scheduled f o r  coni- 
p l e t i o n  a t  t h e  end o f  FY 1980. 

Technology Assessment o f  Advanced I s o t o p e  
Separat ion 

P. J. M e l l i n g e r  

A d d i t i o n a l  nuc lear  f u e l  i s  r e t r i e v a b l e  by 
r e c o v e r i n g  uranium (U-235) f rom uranium 
f l u o r i d e  (UFg) t a i l s .  Th is  p o t e n t i a l  has 
l e d  t o  t h e  establ ishment  o f  the  Advanced 
I s o t o p e  Separat ion (AIS)  'program i n  t h e  De- 
partment o f  Energy. The goals  o f  t h e  AIS 
program are  t o  develop e n v i r o n n ~ e n t a l l y  
acceptable techno log ies  t h a t  wi 11 ( 1 )  p r o-  
v i d e  t h e  means t o  recover  U-235 f rom t h e  
dep le ted  t a i l s  o f  t h e  c u r r e n t  gaseous d i f -  
f u s i o n  and p lanned gas c e n t r i f u g e  uranium 
enrichment p l a n t s  and ( 2 )  achieve p r i m a r y  
enrichment d i r e c t l y  f rom uranium ox ide (U3O8) 
t o . r e a c t o r - g r a d e  m a t e r i a l .  Three candidate 
AIS processes have been i d e n t i f i e d  which 
meet these o b j e c t i v e s .  These cand ida te  p r o -  
cesses ( two  use l a s e r s  and one uses super- 
magnetic plasmas) a re  c u r r e n t l y  i n  t h e  
a p p l i e d  research stage. 

The AIS technology assessment (TA) was 
s t a r t e d  l a t e  i n  FY 1979. It w i l l  examine 
t h e  p o t e n t i a l  environmental,  hea l th ,  and 
s a f e t y  cons idera t ions  o f  t h e  convers ion 
(head end), reconvers ion  (back end), and 
t a i l s  u t i l i z a t i o n  a l t e r n a t i v e s  surrounding 
candidate AIS processes. Th is  TA w i l l  be 
used i n  t h e  FY-1981 s e l e c t i o n  o f  one o f  t h e  
AIS techno log ies  f o r  f u r t h e r  e v a l u a t i o n  i n  



an Engineer ing Demonstrat ion F a c i l i t y .  The 
p r o d u c t i o n  p l a n t  i s  scheduled f o r  const ruc-  
t i o n  beg inn ing  i n  1989 and o p e r a t i o n  i n  1995. 

P r e l i m i n a r y  Technology Assessment o f  Energy 
Conservat ion Measures 

E. Edelson, M. 0 1 s e n ( ~ )  

Energy conserva t ion  measures have become 
a key  technology i n  t h e  n a t i o n ' s  at tempt  t o  
meet i t s  energy needs, b u t  t h i s  has been b y  
n e c e s s i t y  and n o t  choice. As a r e s u l t ,  many 
o f  t h e  ques t ions  about impacts o f  nuc lear  
and coa l  energy techno log ies  have n o t  been 
a p p l i e d  t o  energy conservat ion.  Th is  p r o j e c t  
was undertaken i n  c o n j u n c t i o n  w i t h  Brook- 
haven N a t i o n a l  Labora to ry  (BNL) t o  he lp  t h e  
A s s i s t a n t  Secre ta ry  f o r  Environment e s t a b l i s h  
a research agenda f o r  t h e  impact o f  energy 
conservat ion.  Three d i f f e r e n t  approaches 
were used t o  i d e n t i f y  research areas. 

I n  A p r i l ,  a  workshop was conducted t o  
recomnend p r i o r i t i e s  f o r  n ine teen  energy 
conserva t ion  measures. P a r t i c i p a n t s  came 
f r o m  business, labor ,  env i ronmenta l  groups, 
u t i l i t i e s ,  l o c a l  government, and t h e  f e d e r a l  
government. They were asked t o  rank each 
measure f o r  e i g h t  d e s i r a b i l i t y  c r i t e r i a  and 
f o u r  f e a s i b i l i t y  c r i t e r i a .  Those measures 
t h a t  were ranked t h e  h ighes t  were b u i l d i n g  
performance standards, smal l  cars, r e t r o f i t ,  
app l iance  performance standards, and redes ign  
o f  t h e  automobi 1  e. 

Based on t h e  rank ings  and d iscuss ion  a t  
t h e  workshop, severa l  measures were s e l e c t e d  
f o r  f u r t h e r  env i ronmenta l  and i n s t i t u t i o n a l  
impact ana lys is .  An energy model based on 
BNL's Regional  Reference Energy System was 
m o d i f i e d  t o  consider  changes i n  t h e  env i ron-  
menta l  p o l l u t a n t s  i n  t h e  P a c i f i c  and Midd le  
A t l a n t i c  reg ions  when s p e c i f i c  energy con- 
s e r v a t i o n  measures were appl ied.  Because o f  
t h e  d i f f i c u l t y  i n  adapt ing t h e  model, ou tpu ts  
were a v a i l a b l e  b u t  no t  analyzed by t h e  end 
o f  t h e  year. 

For t h e  i n s t i t u t i o n a l  impact ana lys is ,  
researchers  i n t e r v i e w e d  about twen ty  repre-  
s e n t a t i v e  c i t i z e n s  f r o m  s e l e c t e d  c o r n u n i t i e s  
f o r  t h e i r  impress ions on t h e  impacts on t h e i r  
c o r n u n i t i e s  i f  s p e c i f i c  conserva t ion  measures 
were implemented. Two comnuni t ies were cho- 
sen i n  Pennsylvania ( P h i l a d e l p h i a  and E r i e )  

and two i n  Washington ( S e a t t l e  and Yakima). 
Comparisons between t h e  two Washington com- 
m u n i t i e s  show an i n t e r e s t i n g  c o n t r a s t  i n  t h e  
perce ived  impacts. I n  Sea t t le ,  a  l a r g e  
m e t r o p o l i t a n  center ,  respondents saw con- 
s e r v a t i o n  as a h i g h l y  d e s i r a b l e  p o l i c y  t h a t  
should be promoted as f u l l y  as p o s s i b l e .  I n  
Yakima, a moderate s i z e d  a g r i c u l t u r a l  cen te r ,  
energy conserva t ion  was viewed as l e s s  im- 
p o r t a n t  than  p o l i c i e s  t h a t  inc rease  energy 
a v a i l a b i l i t y .  No one f e l t  t h a t  t h e  impacts 
o f  energy conserva t ion  were so u n d e s i r a b l e  
t h a t  conserva t ion  measures should n o t  be 
app l ied .  However, one area o f  mutual  con- 
cern was t h e  ques t ion  o f  s o c i a l  e q u i t y .  
More work was recommended i n  t h i s  area. 

Technology Assessment o f  S o l a r  Energy 

E. Edelson, W. Sandusky, A. Chockie, 
J. A l l w i n e ,  W. J. Eadie 

P a c i f i c  Northwest Labora to ry  (PNL) i s  one 
o f  s i x  n a t i o n a l  l a b o r a t o r i e s  i n v o l v e d  i n  t h e  
m u l t i y e a r  assessment o f  t h e  r e g i o n a l ,  sub- 
r e g i o n a l ,  and community env i ronmenta l  and 
socioeconomic impacts r e s u l t i n g  f rom maximum 
p r a c t i c a l  use o f  s o l a r  techno log ies  i n  t h e  
year  2000. The p r o j e c t  has examined a l t e r -  
n a t i v e  combinat ions o f  s o l a r  techno log ies  i n  
each r e g i o n  and i s  e v a l u a t i n g  one h i g h l y  
b e n e f i c i a l  combinat ion.  

A p r e s i d e n t i a l  domestic p o l i c y  rev iew has 
determined t h a t  t h e  maximum p r a c t i c a l  deploy-  
ment o f  s o l a r  energy i s  14.2 q u a d r i l l i o n  Btu.  
However, t h a t  a n a l y s i s  o n l y  assumed env i ron-  
menta l  b e n e f i t s .  To eva lua te  t h e  b e n e f i t s  
more thoroughly ,  t h e  n a t i o n a l  p r o j e c t i o n  was 
d isaggregated t o  t h e  s t a t e  and coun ty  l e v e l s  
u s i n g  t h e  S t r a t e g i c  Environmental Assessment 
System (SEAS). The SEAS was programmed t o  
q u a n t i f y  t h e  changes i n  b e n e f i t s  r e s u l t i n g  
f rom h igh  s o l a r  u t i l i z a t i o n .  

PNL i s  r e s p o n s i b l e  f o r  ana lyz ing  impacts 
f rom changes i n  p a r t i c u l a t e  l e v e l  u s i n g  an 
e x i s t i n g  long- range t r a n s p o r t  model and f o r  
ana lyz ing  t h e  s i g n i f i c a n c e  o f  t h e  changes i n  
a l l  p o l l u t a n t s  i n  t h e  P a c i f i c  Northwest 
Region. Subs tan t i ve  r e s u l t s  a re  expected t o  
be generated i n  FY 1980. 

Spec ia l  Study o f  Coal-Related A i r  Impacts o f  
t h e  Beluga Development 

D. J. McNaughton 

(a )  Human A f f a i r s  Research Centers, S e a t t l e ,  The o b j e c t i v e  o f  t h i s  task  was t o  eva lua te  
Washington. a i r  q u a l i t y  impacts assoc ia ted  w i t h  p o s s i b l e  



construction of a 500-MWe coal- fired power 
plant a t  Beluga, Alaska. Air qua l i ty  siniu- 
l a t ions  were performed during FY 1979 f o r  a 
generic plant  located a t  Beluga, and maximum 
concentrations of three  pol lu tants- - sul fur  
dioxide (SO?), nitrogen dioxide (NO?), and 
t o t a l  suspended pa r t i cu la t e s  (TSP)--were 
compared t o  applicable Alaska and national 
a i r  qua l i ty  standards and regulations f o r  
the  prevention of s ign i f i can t  deter iora t ion 
(PSD) of a i r  qual i ty .  Preliminary assess-  
ments of v i s ih i l  i t y  degradation and s u l f a t e  
formation were also made. 

Because of the undeveloped s t a t e  of the 
west shore of the Cook In le t ,  there  i s  a 
lack of meteorological data f o r  a i r  qua l i ty  
assessment. New source permitt i  ng  proce- 
dures developed by the Environmental Pro- 
tec t ion Agency in response t o  the 1977 Clean 
Air Act Amendment suggest tha t  a survey or 
"screening" ana1,ysis can be performed. This 
analysis can use best avail able meteorologi- 
cal data and conservative dispersion models 
such as the V A L L E Y  model used in t h i s  study. 
Meteorological data used f o r  long-term pol- 
lu t an t  concentrations included a s t a b i l i t y  
wind rose fo r  Anchorage with wind di rec t ion 
frequencies modified to  r e f l e c t  the t e r r a i n  
a t  Beluga. Short-term pol 1 utant  concentra- 
t ions  were calculated assuming typical  worst- 
case dispersion conditions f o r  elevated 

point sources. The influence of t e r r a i n  was 
included in simulations. 

The generic power plant  parameters as- 
sumed f o r  Beluga s tudies  are typical  of 
plants current ly  under construction. Emis- 
sions f o r  oxides of nitrogen and p a r t i c l e s  
were assumed t o  be the  maximum allowable 
under New Source Performance Standards 
(NSPS). Two emission scenarios were ex- 
ami ned; the  f i r s t  s.irnulated uncontrolled 
SO2 emissions and the  second assumed a 70% 
control ef f ic iency f o r  wet SO2 scrubbers. 
All emission r a t e s  were below upper l imi ts  
s e t  in the  NSPS. 

Table 1 shows the f r ac t ion  of the s tan-  
dards represented by maximum simulated con- 
centra t ions  f o r  the  controlled and uncon- 
t ro l l ed  SO2 cases. Background pol lu tant  
concentrations are not s ign i f i can t  in the 
analysis except f o r  levels  of t o t a l  sus- 
pended pa r t i cu la t e s  tha t  are current ly  above 
standards because of fug i t ive  dust. The 
highest concentrations in a l l  cases were 
predicted f o r  the  mountains west and north 
of Beluga. Table 1 i l l u s t r a t e s  conipliance 
f o r  a l l  pol lu tants  except when concen- 
t r a t i o n s  resul t ing  from uncontrolled SO2 
emissions are conipared t o  PSD standards. 
Changes in plume r i s e  associated with SO2 
scrubbing caused higher NO2 and TSP con- 
centra t ions  when SO2 was controlled.  

TABLE 1. Comparison of Simulation Results to Ambient Air Quality 
Standards 

Pollutant Fraction of Standard (%) 
Averaging SO2 Controlled SO2 Uncontrolled 
Period AAQS PSD AAQS PSD - - - - 
SO2 3-hr 30 77 56 142 

24-hr 18 73 50 200 
Annual 6 24 17 67 

TSP 24-hr 7(4)(a) 29 '43) 24 
Annual 17(14) 54 1(1) 5 

NO2 Annual 16 (b) 14 (b) 

(a) National Ambient Air Quality Standard comparison given in  
parenthesis 

(b) N o  PSD increment 



Several impor tan t  conclus ions can be 
drawn: 

A i r  q u a l i t y  impacts o f  a  500-MWe power 
p l a n t  a t  Beluga show a  h i g h  p o t e n t i a l  
f o r  compliance t o  s tandards and PSD 
increments a t  t h e  screening l e v e l  o f  
ana lys is  i f  t h e  p l a n t  were p r o p e r l y  
s i t e d  and NSPS, i n c l u d i n g  SO2 scrub- 
b ing,  were enforced. 

More s o p h i s t i c a t e d  model ing and 
meteoro log ica l  m o n i t o r i n g  m igh t  show 
compliance t o  t h e  PSD increments w i t h -  
ou t  scrubbing. 

S e n s i t i v i t i e s  i n  r e s u l t s  suggest t h a t  
p l a n t  s i t i n g  nearer  mountainous t e r r a i n  
cou ld  p o t e n t i a l l y  cause a i r  p o l l u t a n t  
concen t ra t ions  t o  exceed standards, as 
cou ld  changes i n  e f f e c t i v e  plume r i s e .  
Reanalys is  a t  t h e  sc reen ing  l e v e l  o r  a  
more s o p h i s t i c a t e d  l e v e l  would b e  r e -  
q u i r e d  a f t e r  a c t u a l  p l a n t  des ign  and 
s i t i n g .  

F i r i n g  low s u l f u r  Beluga coa l  would 
have a  smal l  impact on s u l f a t e  l e v e l s  
and v i s i b i l i t y  i n  t h e  Upper Cook I n l e t .  



Environmental Impacts 

Pacific Northwest Laboratory's work in support of the Environmental Impact Division in FY  1979 
consisted principally of improvements in the use of long-range transport of air pollutants from the 
application of energy technologies. 

I n t e r r e g i o n a l  T r a n s f e r  M a t r i x  f o r  
Atnlospheric P o l l u t a n t s  

W. F. Sandusky, W. J. Eadie, W. E. Davis 

P a c i f i c  Northwest Labora to ry  (PNL) has 
prepared an i n t e r r e g i o n a l  t r a n s f e r  m a t r i x  
t h a t  descr ibes a i r  q u a l i t y  impacts o f  p o l -  
l u t a n t s  over  t h e  c o n t i n e n t a l  U n i t e d  States.  
The elements o f  t h e  m a t r i x  represen t  impacts 
on A i r  Q u a l i t y  C o n t r o l  Regions (AQCRs). The 
m a t r i x  a l lows  t h e  p r e d i c t i o n  o f  impacts i n  
any AQCR f r o m  emissions i n  a l l  o t h e r  AQCRs. 
The m a t r i x  can b e  used t o  eva lua te  a v a r i e t y  
o f  emiss ion scenar ios accord ing t o  t h e  Na- 
t i o n a l  Energy P lan  since, f o r  purposes o f  
t h e  model, a l l  emissions sources f o r  each 
AQCR were aggregated i n t o  one and t h e  source 
s t r e n g t h  was normal ized t o  one source. 

Th is  s tudy  concentrated on r e s p i r a b l e  
p a r t i c l e s .  These p a r t i c l e s  were removed 
f rom t h e  atmosphere by  wet and d r y  deposi-  
t i o n .  For  t h e  t r a n s f e r  m a t r i x ,  r e s p i r a b l e  
p a r t i c l e s  were removed b y  d r y  d e p o s i t i o n  a t  
a  constant  r a t e  except i n  areas o f  complex 
t e r r a i n .  I n  those regions,  t h e  removal r a t e  
was increased up t o  a f a c t o r  o f  f i v e ,  

depending on t h e  t y p e  o f  t e r r a i n  encountered 
d u r i n g  plume t r a v e l .  Wet removal o f  p a r t i -  
c l e s  was based on c l i m a t o l o g i c a l  r a i n f a l l  
events. For  b o t h  these  removal processes, 
t h e  plume i n  t h e  model was depleted accord-  
i n g  t o  a s u r f a c e  d e p l e t i o n  p a r a m e t e r i z a t i o n  
technique. 

Concen t ra t ion  va lues o f  p a r t i c l e s  were 
p r e d i c t e d  accord ing t o  t h e  e s t a b l i s h e d  PNL 
long- range t r a r s p o r t  model. However, t o  
handle a l a r g e  number o f  emiss ion sources, a  
new technique t h a t  uses an emiss ion g r i d  i n  
t h e  model c a l c u l a t i o n s  was developed. The 
va lue  o f  t h i s  techn ique  i s  t h a t  b y  u s i n g  t h e  
emiss ion g r i d ,  i n s t e a d  o f  a c o s t l y  ext rapo-  
l a t i o n  t o  t h e  a c t u a l  emiss ion source loca-  
t i o n ,  t h e  p o l l u t a n t  c o n c e n t r a t i o n  f i e l d  can 
b e  p red ic ted .  

M a t r i c e s  were generated' f o r  f o u r  months 
o f  meteoro log ica l  data: January, A p r i l ,  
Ju ly ,  and October 1974. Comparative s t u d i e s  
were made aga ins t  c o n c e n t r a t i o n  f i e l d s  gener- 
ated b y  t h e  long- range t r a n s p o r t  model t h a t  
p r e d i c t e d  plume t r a v e l  t h a t  o r i g i n a t e d  f rom 
t h e  a c t u a l  emiss ion l o c a t i o n .  Agreement was 
found a t  a l l  d i s tances  f rom t h e  emiss ion 
source. 



Regional Assessments 

T h e  p r inc ipa l  w o r k  c o n d u c t e d  b y  Pacific Nor thwes t  Laboratory  f o r  t h e  Regional  Assessment D iv i s ion  i n  
Fy 1979was analysis o f  t h e  consequences f rom a n d  constraints appl icable to t h e  possible use o f  a  speci f ied 
m i x  o f  e n e r g y  technologies i n  Federal Reg ion  X (Alaska, Washington,  Oregon ,  a n d  Idaho) .  The  m i x  o f  
techno log ies  considered was ref lect ive o f  t h e  Na t iona l  Energy Plan as tha t  p lan  was p r o p o s e d  b y  t h e  
President o f  t h e  U n i t e d  States i n  1977. This analysis was c o n d u c t e d  i n  c o o p e r a t i o n  w i t h  o t h e r  na t iona l  
laborator ies, each o f  w h i c h  focused o n  o n e  o r  m o r e  o f  t h e  o t h e r  Federal Regions. T h e  aggregate na t iona l  
analysis compr ised  t h e  Regional  Issues Iden t i f i ca t ion  a n d  Assessment program. 

Regional  I ssues  I d e n t i f i c a t i o n  and Assessment 

G. L. W i l f e r t ,  M. A. Beckwi th 

S i g n i f i c a n t  changes i n  t h e  n a t i o n a l  p a t -  
t e r n  o f  energy p roduc t ion  and consumption 
are necessary d u r i n g  t h e  remainder o f  t h i s  
century.  A t  t h e  n a t i o n a l  l e v e l ,  energy 
p o l i c y  and p r i o r i t i e s  a re  be ing  considered 
t h a t  w i l l  a f f e c t  h i s t o r i c  p r o d u c t i o n  and 
consumption p a t t e r n s .  The purpose o f  t h i s  
research i s  t o  he lp  improve t h e  e f f e c t i v e -  
ness o f  f e d e r a l  energy p o l i c y  by  i d e n t i f y i n g  
areas w h ~ r e  p o l i c y  changes may be necessary. 
P a c i f i c  Northwest Labora to ry  has completed a  
s tudy  o f  t h e  impacts o f  a  n a t i o n a l  energy 
scenario. The study i s  r e p o r t e d  i n  one o f  
t e n  companion volumes, one f o r  each o f  t h e  
Federa l  Regions i n  t h e  nat ion,  prepared b y  
s i x  n a t i o n a l  Department o f  Energy (DOE) 
l a b o r a t o r i e s .  Th is  se t  o f  r e p o r t s  p resen ts  
a  comprehensive, c o n s i s t e n t  d e s c r i p t i o n  o f  
t h e  r e g i o n a l  environmental impacts and 
i m p l i c a t i o n s  o f  f u t u r e  n a t i o n a l  energy 
development. 

The scenar io  used i n  t h i s  e v a l u a t i o n  i s  
t h e  P r o j e c t i o n  C-- the TRENDLONG MID-MID sce- 
nar io ,  one o f  s i x  p o s s i b l e  energy f u t u r e s  
p r e d i c t e d  bv t h e  Energy I n f o r m a t i o n  Adminis-  
t r a t i o n  of t h e  Department o f  Energy f o r  t h e  
DOE 1977 Annual Report t o  Congress. The 
TRENDLONG MID-MID scenar io  i s  r e p r e s e n t a t i v e  
o f  t h e  o f f i c i a l  DOE n a t i o n a l  energy p r o j e c -  
t i o n s .  D e t a i l e d  analyses o f  a i r ,  water, 
ecolog.y, l and  use, s o l i d  waste, h e a l t h  and 
sa fe ty ,  and socioeconomic and i n s t i t u t i o n a l  
f a c t o r s  show t h a t  impediments t o  implement- 
i n g  t h e  n a t i o n a l  scenar io  i n  Region X a re  
p r i m a r i l y  i n s t i t u t i o n a l  and t e c h n i c a l  r a t h e r  
than  envi ronmenta l .  A l though socioeconomic 
impacts may be s i g n i f i c a n t  because o f  t h e  
l o c a t i o n  of energy f a c i l i t i e s  i n  r u r a l  areas, 
t h e  r e g i o n  i s  somewhat accustomed t o  r a p i d  
growth, and i d e n t i f i e d  socioeconomic impacts 
should be m i t i g a t e d .  
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The n a t i o n a l  scenar io  d isaggregated t o  t h e  
r e g i o n a l  l e v e l  con ta ins  some values t h a t  are 
i n c o n s i s t e n t  w i t h  c u r r e n t  r e g i o n a l  plans, 
p a r t i c u l a r l y  i n  t h e  r a t e  t h a t  r e g i o n a l  n a t -  
u r a l  gas usage w i l l  be reduced and i n  t h e  
r a t e  t h a t  r e g i o n a l  geothermal resources w i l l  
be developed f o r  e l e c t r i c a l  energy produc-  
t i o n .  I n  t h e  area o f  p r o j e c t e d  nuclear ,  
coal,  and h y d r o e l e c t r i c  f a c i l i t y  expansion, 
r e g i o n a l  p l a n s  and t h e  scenar io- spec i f  i ed 
developments were s i m i  1  ar. 

I n s t i t u t i o n a l  Ana lys is  Lead L a b o r a t o r y  

I n  t h e  i d e n t i f i c a t i o n  and assessment o f  
n a t i o n a l  energy technology impacts, i n s t i t u -  
t i o n a l  c o n s i d e r a t i o n s  have assumed i n c r e a s i n g  
importance. A l though engineer ing,  economic, 
environmental,  and socioeconomic models can 
r e v e a l  much about t h e  consequences o f  a l t e r -  
n a t i v e  energy p o l i c y ,  t h e  e f f e c t  o f  i n s t i t u -  
t i o n a l  f a c t o r s  i s  o f t e n  miss ing.  

The purpose o f  t h i s  p r o j e c t  was t o  de- 
ve lop  and d isseminate methods f o r  incorpo-  
r a t i n g  i n s t i t u t i o n a l  f a c t o r s - - d e f i n e d  t o  
i n c l u d e  lega l ,  o r g a n i z a t i o n a l ,  and p o l i t i c a l  
f a c t o r s - - i n t o  r e g i o n a l  assessments conducted 
by  n a t i o n a l  l a b o r a t o r y  personnel.  The spe- 
c i f i c  r e s u l t s  o f  t h i s  p r o j e c t  were a  work- 
shop f o r  n a t i o n a l  l a b o r a t o r y  personnel  and a  
r e p o r t  p r e s e n t i n g  f i v e  b a s i c  forms o f  i n s t i -  
t u t i o n a l  ana lys is .  These forms are: 

i n s t i t u t i o n a l  mapping ( a  systemat ic  
p r e s e n t a t i o n  o f  t h e  p a r t i c i p a n t s ,  
a c t i v i t i e s ,  and t h e  connect ions among 
them f o r  a  s p e c i f i c  p o l i c y  problem); 

(a )  Hl~man A f f a i r s  Research Centers, Sea t t  le ,  
Washington. 



i n s t i t u t i o r i a l  c o n s t r a i n t s  a n a l y s i s  
( t h e  i d e n t i f i c a t i o n  o f  l e g a l ,  o rgan i-  
z a t i o n a l ,  and p o l i t i c a l  b a r r i e r s  t o  
t h e  achievement o f  d e s i r e d  p o l i c y  ou t-  
comes) ; 

i n s t i t u t i o n a l  impacts a n a l y s i s  ( t h e  
i d e n t i f i c a t i o n  o f  l e g a l ,  organiza-  
t i o n a l ,  and p o l i t i c a l  consequences o f  
government a c t i o n s )  ; 

i n s t i t u t i o n a l  des ign ( t h e  s p e c i f i c a -  
t i o n  o f  new i n s t i t u t i o n a l  arrangements 
t o  achieve d e s i r e d  o b j e c t i v e s ) ;  

i n t e g r a t i o n  o f  i n s t i t u t i o n a l  a n a l y s i s  
i n t o  p o l i c y  a n a l y s i s  ( d e l i n e a t i o n  o f  
t h e  r e l a t i o n s h i p  between i n s t i t u t i o n a l  
and t e c h n i c a l  f a c t o r s  i n  ana lyz ing  
a1 t e r n a t i v e  p o l i c i e s ) .  

Long-Range Transpor t  o f  Atmospheric 
P o l l u t a n t s  

W. F. Sandusky, W. J. Eadie, D. R. Drewes 

One o f  P a c i f i c  Northwest L a b o r a t o r y ' s  
(PNL) lead  l a b o r a t o r y  r e s p o n s i b i l i t i e s  i n  
t h e  Regional  Assessment Program i s  model ing 
t + e  long- range t r a n s p o r t  o f  p o l l u t a n t s  over 
t h e  western U n i t e d  States.  For  t h e  Regional  
Issues and I d e n t i f i c a t o n  Assessment program 
d u r i n g  FY 1979, t h i s  model ing r e s p o n s i b i l i t y  
i n v o l v e d  p r e d i c t i n g  inc rementa l  a i r  q u a l i t y  
impacts r e s u l t i n g  f rom energy- technology 
emiss ions f rom i n d u s t r i e s  and u t i l i t i e s  
t h a t ,  under t h e  scenar io  s tud ied,  would be 
o p e r a t i n g  i n  t h e  western U n i t e d  S ta tes  i n  
1985 and 1990. 

The p o l l u t a n t s  modeled were s u l f u r  ox ides  
(SO2 and SO4) and p a r t i c u l a t e  emissions. The 
p r e d i c t e d  incrementa l  concen t ra t ions  were 
then  compared t o  t h e  p r e v e n t i o n  o f  s i g n i f  i- 
cant  d e t e r i o r a t i o n  (PSD) l i m i t s  t o  determine 
i f  any c o n s t r a i n t s  t o  f u t u r e  energy tech-  
nology s i t i n g  would occur. 

The PNL long- range t r a n s p o r t  model ac- 
counts f o r  t h e  t r a n s f o r m a t i o n  o f  e m i t t e d  SO2 
t o  SO4 aerosol  and a l s o  accounts f o r  wet and 
d r y  removal mechanisms. The sampling g r i d ,  
f r o m  which t h e  concen t ra t ions  are computed, 
i s  compat ib le  t o  t h e  g r i d  used by t h e  Brook- 
haven N a t i o n a l  L a b o r a t o r y  i n  i t s  long- range 
t r a n s p o r t  model ing o f  p o l l u t a n t  emissions i n  
t h e  eas te rn  U n i t e d  States.  

Dur ing  t h e  study, t h e  emission sources 
v a r i e d  accord ing  t o  p o l l u t a n t  t y p e  and 
amount o f  d ischarge.  Th is  v a r i a t i o n  occur-  
r e d  because more e f f i c i e n t  c o n t r o l s  f o r  
p a r t i c l e s  e x i s t  i n  c e r t a i n  areas o f  t h e  
western U n i t e d  S t a t e s  than  i n  others,  and 
t h u s  some emission sources a re  smal l .  These 

smal l  emissions sources ( < I  k i  l o t o n l y r )  were 
n o t  inc luded  i n  t h e  analyses. F i g u r e  1 shows 
SO2 emission l o c a t i o n s  f o r  t h e  1990 s i t i n g  
p a t t e r n .  F igures  2 and 3 show t h e  p r e d i c t e d  
incrementa l  concen t ra t ions  of SO2 and p a r -  
t i c u l a t e s  f o r  b o t h  i n d u s t r i a l  and u t i l i t y  

FIGURE 1. 1990 Regional Issues and ldentification 
Assessment-Utility and Industrial Source 
Locations and Strengths 

FIGURE 2. 1990 Regional Issues and ldentification 
Assessment-Utility and Industrial SOz Air 
Concentrations 
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FIGURE 3. 1990 Regional Issues and Identification 
Assessment-Utility and lndustr~al Particulate Air 
Concentrations 

emissions.The maximum incremental SO2 and 
particulate concentrations on the figures 
are 10.9 and 11.4 pg/m3, respectively. 
Thus, the PSD limits for Class I1 areas, as 

outlined in the Clean Air Act Amendments of 
1977, are not exceeded. The western United 
States, however, contains a large amount of 
1 and area designated to be mandatory Class I 
(Figure 4), where allowable SO2 and parti- 
culate increments are limi ted to 2 vg/m3 and 
5 vg/m3, respective1 y. Therefore, SO2 concen- 
trations may constrain future energy techno- 
logy development in southern California, the 
Portland-Seattle area, the Four Corners area, 
and the Rocky Mountain region of Colorado. 

The predicted incremental particulate 
concentrations may also constrain future 
energy technology developnient in these same 
areas. However, the effect of fugitive dust 
emission has not been factored in this analy- 
sis. Incremental concentrations of dust 
emissions would, for some regions, contribute 
to a reduction in existing visibility. 

Regional-scale sulfate concentrations 
are smaller than SO2 concentrations. The 
maximum predicted incremental concentration 
was 1.1 ug/m3. No federal PSD limits for 
sulfates have been established, although 
some states have established their own stan- 
dards. Both Montana and North Dakota allow 
a maximum annual average sulfate concentra- 
tion of 4 pg/m3, and California has a 24-hr 
sulfate standard of 25 pg/m3. Based on the 
analysis of these allowable concentrations, 
incremental sulfate concentrations would not 
limit future energy technology siting. 
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FIGURE 4. Mandatory Class I Areas in the Western United States 
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Energy Material Transport, Now Through 2000 

Dry/Wet Cooling Towers 

Liquefied Natural Gas (LNG) Safety Studies 

Liquefied Petroleum Gas (LPG) Safety and Environmental Research 
and Development (R&D) 

Burning of Oil Spills 

Environmental Control Technology for Shale Oil Waste Waters 

Compressed Air Energy Storage (CAES) 

Assessment of Energy-Conserving Industrial Waste Treatment 

Analysis of Nuclear Fuel Cycles 

Transportation Safety Study 

Assessment of Environmental Control Technologies for Koppers- 
Totzek, Texaco, and Winkler Coal Gasification Systems 

The objective of the overall Environmental Control Engineering Program i s  to 
assure that the environmental control capability for each DOE energy technology is 
complete, practical, cost effective, and available in a timely manner as the energy 
source i s  developed. Program activities are oriented to identifying control technology 
status and needs for emerging energy systems, then developing methods and equip- 
ment for meeting these needs. 

Pacific Northwest Laboratory's effort in this program is growing rapidly. During 
1979 we conducted studies in support of both nonnuclear and nuclear technologies, 
with programs in oil shale, oil, coal, gas, energy materials transport, compressed air 
energy, and nuclear fuel cycle analysis. 



Energy Material Transport, Now Through 2000 

T h e  ove ra l l  ob jec t i ves  o f  t h i s  p r o j e c t  a r e  t o  assess p o t e n t i a l  p r o b l e m s  w h i c h  m a y  i n h i b i t  t h e  safe a n d  
e n v i r o n m e n t a l l y  accep tab le  d e v e l o p m e n t  o f  n u c l e a r  a n d  fossil e n e r g y  ma te r i a l  t r a n s p o r t a t i o n  systems 
f r o m  n o w  t o  t h e  year  2000 a n d  t o  r e c o m m e n d  research, d e v e l o p m e n t ,  a n d  o t h e r  necessary a c t i o n  t o  
m i t i g a t e  t h e  p o t e n t i a l  adverse i m p a c t  o f  t hese  p r o b l e m s .  Ef for t  i n  FY 1979 addressed t h e  d o m e s t i c  
t r a n s p o r t a t i o n  o f  p e t r o l e u m ,  synfuels,  n u c l e a r  f u e l  c y c l e  mater ials,  a n d  lega l  a n d  r e g u l a t o r y  conce rns .  
Results o f  t h e  s tud ies  o n  p e t r o l e u m ,  synfuels,  a n d  lega l  a n d  r e g u l a t o r y  c o n c e r n s  w e r e  p u b l i s h e d .  
Research c o n t i n u e d  o n  s p e n t  f u e l  cask p roduc t i v i t y ,  coa l  s l u d g e  t ranspor ta t i on ,  t h e  N o r t h e r n  T ie r  
Pipel ine, a n d  j o i n t  u t i l i t y  co r r i do rs .  

Energy M a t e r i a l  T ranspor t ,  Now Through 2000: 
System C h a r a c t e r i s t i c s  and P o t e n t i a l  Prohlei l is  

J. G. DeSteese, D. W. F a l e t t i ,  
A. L.  F r a n k l i n ,  C. A. Gef fen,  
C.  R .  S c h u l l e r ,  W. Wakamiya 

P r i m a r y  o b j e c t i v e s  o f  t h i s  s t u d y  a re  t o  
p r o v i d e  e a r l y  r e c o g n i t i o n  and assess p r i o r -  
i t i e s  o f  f u t u r e  problems i q  energy m a t e r i a l  
t r a n s p o r t a t i o n .  O t h e r  o b j e c t i v e s  a r e  t o  
i d e n t i f y  p o s s i b l e  gaos i n  t h e  coverage o f  
r e l a t e d  programs and recommend a c t i o n  t o  
m i n i m i z e  t h e  p o t e n t i a l  impact  o f  t h e s e  p rob-  
lems. The purpose o f  t h e  p r o j e c t  i s  t o  p r o -  
v i d e  i n f o r m a t i o n  and p e r s p e c t i v e  t o  govern-  
ment and i n d u s t r y  t h a t  a s s i s t  t h e  development 
o f  p r o b l e m- m i t i g a t i o n  s t r a t e g i e s .  F i n a l  
t a s k  r e p o r t s  c o n t a i n i n g  system c h a r a c t e r i z a -  
t i o n  and p o t e n t i a l  p rob lem assessments o f  
p e t r o l e u m  and s y n r u e l  t r a n s p o r t a t i o n  were 
comple ted and p u b l i s h e d  i n  FY 1979. A  f i n a l  
r e p o r t  on l e g a l  and r e g u l a t o r y  problems was 
a l s o  p u b l i s h e d .  Some concerns i n  p r e v i o u s  
ove rv iew  s t u d i e s  were e v a l u a t e d  i n  more 
d e t a i l .  Assessments were made o f  p o t e n t i a l  
problenis a s s o c i a t e d  w i t h  spent  n u c l e a r  f u e l  
t r a n s p o r t a t i o n ,  t h e  p o s s i b l e  need t o  t r a n s -  
p o r t  f l u e - g a s  d e s u l f e r i z a t i o n  s ludges,  and 
t h e  N o r t h e r n  T i e r  P i p e l i n e  p r o p o s a l .  The 
i m p l i c a t i o n s  o f  i n s t i t u t i o n a l  b a r r i e r s  t h a t  
p r e v e n t  t h e  development o f  m u l t i p u r p o s e  
u t i l i t y  c o r r i d o r s  were a l s o  eva lua ted .  The 
r e s u l t s  o f  t h e s e  s t u d i e s  a r e  d i scussed  be low 
i n  more d e t a i l .  

Pet ro leun i  T r a n s p o r t a t i o n  Assessment Task 

J. G. DeSteese, C. A. Ge f fen  

The f i n a l  r e p o r t  was p u b l i s h e d  c o n t a i n i n g  
a  summary c h a r a c t e r i z a t i o n  o f  p e t r o l e u m  
t r a n s p o r t a t i o n  systems and an assessment o f  
p o t e n t i a l  p rob lems t h a t  may a f f e c t  domest ic  
pe t ro leum t r a n s p o r t a t i o n  d u r i n g  t h e  b a l a n c e  
o f  t h e  cen tu ry .  The system c h a r a c t e r i z a t i o n  
i n c l u d e d  a  r e v i e w  o f  p e t r o l e u m  p r o d u c t  move- 
ments, modal o p e r a t i o n s  and comparisons, and 
t r a n s p o r t a t i o n  r e g u l a t i o n s  and s a f e t y .  T h i s  
system ove rv iew  a l s o  summarized domest ic  
p r o d u c t i o n  and consumpt ion ' scenar ios  t o  t h e  
yea r  2000. 

P o t e n t i a l  problenis i n  p e t r o l e u m  t r a n s p o r -  
t a t i o n  were i d e n t i f i e d  b y  t h e  a n a l y s i s  o f  
c u r r e n t  i s s u e s  and e s t a b l i s h i n g  p r i o r i t i e s  
f o r  them. The p r i o r i t i e s  were judged on t h e  
b a s i s  o f  t h e i r  o v e r a l l  impact  on t h e  system 
and t h e  immediacy o f  t h e  p o t e n t i a l  impact .  
The concerns were grouped i n  t h e  f o l l o w i n g  
f o u r  c a t e g o r i e s :  ( 1 )  env i ronmen ta l  e f f e c t s  
and management o f  o i l  s p i l l s ;  ( 2 )  t r a n s p o r -  
t a t i o n  sys tem s a f e t y ;  ( 3 )  t r a n s p o r t a t i o n  
l o g i s t i c s ;  and ( 4 )  l e g a l ,  r e g u l a t o r y ,  and 
i n s t i t u t i o n a l  problems. Recommendations 
were made f o r  a c t i o n s  t h a t  address s p e c i f i c  
concerns and t h e i r  consequences i n  each o f  
t h e s e  c a t e g o r i e s .  



Syn fue l  T r a n s p o r t a t i o n  Assessment Task 

W. Wakamiya 

The f i n a l  t a s k  r e p o r t  cons ide red  t h e  
f u t u r e  t r a n s p o r t a t i o n  needs o f  s h a l e  o i l ,  
s y n t h e t i c  gas f r o m  coa l ,  c o a l  syncrude, and 
methanol f r o m  c o a l  and hydrogen. The s t u d y  
conc luded t h a t  s i n c e  most s y n f u e l  p r o d u c t i o n  
w i l l  i n v o l v e  new f a c i l i t i e s ,  many prob lems 
o f  e x i s t i n g  energy m a t e r i a l  t r a n s p o r t a t i o n  
systems can be  avo ided  b y  p r o p e r  d e s i g n  and 
system p l a n n i n g .  T e c h n i c a l  problems, such 
as whether  s y n f u e l s  may be  c o m p a t i b l e  w i t h  
c u r r e n t  t e c h n o l o g y  m a t e r i a l s  and equipment,  
s h o u l d  b e  read i1 .y  s o l v e d  on a  case-by-case 
b a s i s .  However, p o t e n t i a l  i n s t i t u t i o n a l ,  
l e g a l ,  r e g u l a t o r y ,  and s o c i a l  prob lems may 
d i scou rage  t h e  p r o d u c t i o n  and t r a n s p o r t a t i o n  
o f  s y n f u e l s .  Such prob lems i n c l u d e  t h e  c o s t  
o f  compl iance w i t h  env i ronmen ta l  r e g u l a -  
t i o n s ,  t h e  impacts  o f  l i t i g a t i o n ,  and p u b l i c  
acceptance o f  t r a n s p o r t a t i o n  systems and 
p l a n t  s i t i n g .  

N u c l e a r  M a t e r i a l s  T r a n s p o r t a t i o n  
Assessment 

D. W. F a l e t t i  

The f o c u s  o f  t h i s  e f f o r t  was t h e  t r a n s -  
p o r t a t i o n  o f  spent  r e a c t o r  f u e l .  Improved 
cask p r o d u c t i v i t y  i s  one o f  t h e  approaches 
a v a i l  a b l e  t o  address t h e  c u r r e n t  concern 
t h a t  spent  f u e l  t r a n s p o r t a t i o n  may become 
inadequa te  d u r i n g  t h e  n e x t  decade. T h i s  
concern has been expressed by r e p r e s e n t a-  
t i v e s  o f  i n d u s t r y  and government and i s  
based on t h e  e x p e c t a t i o n  o f  a  f u t u r e  cask 
and v e h i c l e  shor tage.  The s t u d y  de te rm ined  
t h a t  cask p r o d u c t i v i t y  (cask t r i p s  p e r  y e a r )  
can b e  i n c r e a s e d  up t o  about  60% i n  some 
cases i f  i n- p l  a n t  l o a d i n g  and u n l o a d i n g  
( t u r n a r o u n d  t i m e )  i s  reduced. S i g n i f i c a n t  
r e d u c t i o n s  i n  t u r n a r o u n d  t i m e s  can he  
ach ieved by i n n o v a t i o n s  and m o d i f i c a t i o n s  i n  
cask d e s i g n  and hand l i ng ,  f a c i l i t y  o p e r a t i o n ,  
and system development.  S p e c i f i c  recommen- 
d a t i o n s  i n c l u d e  t h e  use o f  overpacks on 
casks c o n t a i n i n g  l ong- coo led  f u e l ,  improved 
and automated decon tamina t i on  procedures,  
3nd f a c i l i t y  and l o g i s t i c  p l a n n i n g  t h a t  
m i n i m i z e  t u r n a r o u n d  t imes .  

a r e  expected t o  occu r  o v e r  t h e  n e x t  t w e n t y  
years  as a  r e s u l t  o f  t h e  g r e a t e r  dependence 
on c o a l - f i r e d  power p l a n t s  and t h e  i n c r e a s i n g  
use  o f  s ludge- p roduc ing  f l u e  gas d e s u l f u r -  
i z a t i o n  (FGD) p rocesses  r e q u i r e d  t o  meet a i r  
p o l l ~ ~ t i o n  s tandards .  The purpose o f  t h i s  
s t u d y  was t o  de te rm ine  whether  s i g n i f i c a n t  
l o n g  d i s t a n c e  t r a n s p o r t a t i o n  o f  FGD s l u d g e  
may he  r e q u i r e d  i n  t h e  f u t u r e .  I t was con- 
c luded  t h a t  u t i l i t y  p l a n n i n g  i s  c u r r e n t l y  
adequate f o r  o b t a i n i n g  d i s p o s a l  s i t e s  t h a t  
meet c u r r e n t  r e g u l a t i o n s  and t h a t  a r e  a t  o r  
near p l a n t  s i t e s .  

The Env i ronmen ta l  P r o t e c t i o n  Agency, i n  
c a r r y i n g  o u t  i t s  r e s p o n s i b i l i t i e s  under  t h e  
Resource Conserva t i on  and Recovery  A c t  o f  
1476,  i s  i n  t h e  p rocess  o f  s e t t i n g  new s t a n-  
dards f o r  t h e  d i s p o s a l  o f  s o l i d  wastes. F l y  
ash, bo t tom ash, and FGD s l l ~ d g e s  have been 
p l a c e d  i n  a  c a t e g o r y  c a l l e d  " S p e c i a l  Wastes." 
It was recommended t h a t  t h e  Department o f  
Energy keep t h i s  s i t u a t i o n  under s c r u t i n v  
because i f  these  wastes a r e  d e c l a r e d  t o  be  
hazardous, i n d u s t r y  may n o t  be  p r e p a r e d  f o r  
t h e  p o s s i b l e  need t o  t r a n s p o r t  s l u d g e  f r o m  
e x i s t i n g  p l a n t  s i t e s .  

Lega l ,  R e g u l a t o r y ,  and I n s t i t u t i o n a l  
Concerns 

C. R. S c h u l l e r  

Some l e g a l ,  r e g u l a t o r y ,  and i n s t i t u t i o n a l  
concerns cons ide red  p r e v i o u s l y  i n  t h i s  p r o -  
j e c t  have developed new i m p l i  c a t i o n s ,  and 
s i m i l a r  concerns have e v o l v e d  f r o m  r e c e n t  
events .  D e t a i l e d  assessment o f  e i g h t  spe- 
c i f i c  l e g a l  and r e g u l a t o r y  concerns were 
p u b l i s h e d  as a  f i n a l  r e p o r t  i n  t h i s  t ask .  
The concerns i n c l u d e d  s t a t e  a u t h o r i t y  t o  
r e g u l a t e  t h e  t r a n s p o r t a t i o n  o f  n u c l e a r  
m a t e r i a l s ,  p e t r o l e u m  p i p e l i n e  d i v e s t i t u r e ,  
n a t u r a l  gas t r a n s p o r t a t i o n ,  and t h e  adequacy 
o f  energy t r a n s p o r t a t i o n  systems i n  emergen- 
c i e s .  T h i s  r e p o r t  a l s o  c o n t a i n e d  assess-  
ments o f  c o a l  p i ~ e l i n e  l e g i s l a t i o n ,  r a i l r o a d  
problems, and t h e  p o s s i b l e  impacts  o f  t h e  
Panama Canal T r e a t y .  I n  a d d i t i o n ,  t o p i c a l  
r e p o r t s  were comple ted on t h e  N o r t h e r n  T i e r  
P i p e l i n e  and i n s t i t u t i o n a l  b a r r i e r s  t h a t  
p r e v e n t  t h e  development o f  ene rgy  m a t e r i a l s  
t r a n s p o r t a t i o n  c o r r i d o r s .  

Assessment o f  t h e  S t a t e  o f  Preparedness 
t o  T r a n s p o r t  S ludge f r o m  Coal P l a n t s  

A. L. F r a n k l i n  

La rge  i n c r e a s e s  i n  t h e  q u a n t i t i e s  o f  
s o l i d  waste produced b y  c o a l - f i r e d  p l a n t s  



Dry/Wet Cooling Towers 

The dry/wet cooling tower program is assessing the prospects and environmental impact of large-scale 
advanced dry/wet heat rejection systems. Experimental studies reported the heat transfer efficiencies of 
dry/wet heat exchangers and corrosion-deposition aspects. These studies showed heat exchange 
increase by factors of two or more when running wet; however, they also showed significant quantities of 
deposition whose chemical control and heat exchange effect were not assessed. The market incentives of 
dry cooling in advanced energy systems such as solar and geothermal, were examined. A possible dry 
cooling use of about 2.5 GW by the year 2000 in these new power generation methods was projected. 

flry/Wet Coo l ing  Towers Program 

R. T. Allemann 

The o b j e c t i v e  o f  t h e  Department o f  Energy/ 
Environmental Con t ro l  Technology Dry/Wet 
Coo l ing  Towers Program i s  t o  o b t a i n  i n f o r -  
m a t i  on about t h e  prospects  and envi ronmenta l  
impact o f  l a r g e- s c a l e  use o f  dry /wet  heat  
r e j e c t i o n  systenis f o r  power genera t ing  
p l a n t s .  The i n f o r m a t i o n  can be a p p l i e d  t o  
conserve water resources and inc rease  power 
p l a n t  s i t i n g  f l e x i b i l i t y .  Work d u r i n g  FY 
1979 was d i r e c t e d  a t  t h r e e  tasks :  

(1 )  complet ion o f  a  r e p o r t  ( P a r r y  e t  a l .  
1979) o f  experiments on t h e  use o f  water 
deluge f o r  enhancing d r y  coo l ing ,  ( 2 )  t e s t s  
on corros ion- deposi  t i o n  and envi ronmenta l  
c o n s t r a i n t s  on t h e  use o f  aluminum i n  d r y /  
wet towers, and ( 3 )  a  s tudy  o f  t h e  incen-  
t i v e s  f o r  use o f  d r y  c o o l i n g  i n  suppor t  o f  
advanced energy genera t ion  systems. 

Water Deluge Tests  

The water  augmented t e s t  apparatus (WATA) 
used i n  t h e  t e s t s  i s  shown i n  F igures  1 
t o  3. One o f  t h e  p r i m a r y  r e s u l t s  o f  t h e  

FIGURE 1. Water Augmentation Test Apparatus (WATA) Used to Measure Wet/Dry Heat Transfer 
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FIGURE 3. Water Augmentation Test Apparatus (WATA) Air Ducting-Horizontal Airf low 



WATA nieasurements was t h e  r a t e  o f  heat  
t r a n s f e r  f r o m  a  deluged sur face.  F i g u r e  4 
i l l u s t r a t e s  t h a t  t h e  heat  t r a n s f e r  c o e f f i -  
c i e n t  can be increased by a  f a c t o r  o f  2 t o  6 
depending on r u n  c o n d i t i o n s  above t h a t  f o r  a  
d r y  s u r f  ace. 

Use o f  Aluminum 

Since alumi num i s  a  l e a d i n g  candidate 
c o n s t r u c t i o n  m a t e r i a l  f o r  t h e  advanced con- 
cep t  dry /wet  c o o l i n g  towers, t h e  p o s s i b l e  
env i ronmenta l  c o n s t r a i n t s  on i t s  use were a  
concern. I n d u s t r i a l  users o f  aluminum sur-  
faces were contacted,  and t e s t s  were done on 
aluminum heat  exchangers t o  eva lua te  t h e  
e x t e n t  t o  which alu~ninum would i n t e r a c t  w i t h  
t h e  environment and r e q u i r e  cleanup and/or 
s l  ow-down o f  augmentation water.  Resu l t s  
i n d i c a t e  t h a t  w i t h  proper  design, aluminum 
can be used as proposed f o r  steam condenser 
tubes. Environmental c o n s t r a i n t s  on use o f  

aluminum c o o l i n g  towers w i l l  be i n f l u e n c e d  
by t h e  amount o f  hlowdown r e q u i r e d  t o  keep 
augmentation water i n  a  noncorroding, non- 
d e p o s i t i n g  c o n d i t i o n .  

I n  t h e  case o f  deluge coo l ing ,  where t h e  
a i r- coo led ,  extended s u r f a c e  heat  exchanger 
i s  covered w i t h  a  f i l m  o f  water t o  promote 
evapora t i ve  (supplemental ) coo l ing ,  t h e  
l e v e l  o f  contaminants and d i s s o l v e d  s o l i d s  
may markedly  a f f e c t  c o r r o s i o n  and s c a l e  
d e p o s i t i o n  on t h e  f i n n e d  sur faces.  Data 
were ob ta ined  w i t h  t h e  c o r r o s i o n- d e p o s i t i o n  
loop (CDL), F i g u r e  5, which i s  a  t e s t  bed 
f o r  a c c e l e r a t i n g  t h e  d e p o s i t i o n  o f  s o l i d s  on 
heat  exchanger su r faces  through c y c l e s  o f  
on /o f f ,  we t /d ry  operat ion.  

A  l a r g e r  (106-R) deluge r e s e r v o i r  was 
i n s t a l l e d  e a r l y  i n  FY 1979 t o  inc rease  and 
s t a b i l i z e  t h e  i o n  i n v e n t o r y  a v a i l a b l e  f o r  
d e p o s i t i o n  i n  a  g iven  t i m e  i n t e r v a l .  S ince 

CONDITIONS: 
0 1150F CORE, 10S°F AIR,  3 ft lsec A I R  APPROACH VELOCITY 

115OF CORE, 10S°F AIR, 6 ft lsec A I R  APPROACH VELOCITY 

0 I, I I I I 
0 3.0 4.0 5.0 6.0 7.0 

DELUGE FLOW (gpm on  a 2 f i  x 6 ft core)  

FIGURE 4. Wet/Dry Cooling: The Effect of Deluge F l o w  on Effective Deluge Surface Coefficient, h,* 



TIMER 

FIGURE 5. Corrosion-Deposition Loop (CDL) 

s c a l i n g  assoc ia ted  w i t h  a1 t e r n a t e  v e t l d r y  
c y c l i n g  had been examined i n  some depth dur-  
i n g  FY 1878, t h e  FY 1979 e f f o r t  examined t h e  
s c a l i n g  o c c u r r i n g  o n l y  d u r i n g  deluging,  ex- 
c l u s i v e  o f  any depos i t  r e s u l t i n g  f rom water  
f i l m  d ry ing .  Most exper imenta l  runs i n  t h e  
CDL were made w i t h  deluge e q u i v a l e n t  t o  4 
t imes  Kern w e l l  ( a )  water concen t ra t ion .  Re- 
ducing blowdown f requency by p e r m i t t i n g  tower  
o p e r a t i o n  t o  a  water  c o n c e n t r a t i o n  f a c t o r  o f  
f o u r  ( 4 x 1  he lps achieve environmental con- 
s e r v a t i o n  goa ls  as w e l l  as reduce o p e r a t i n g  
cost .  Tab le  1 shows r e s u l t s  o f  cont inuous 
wet d e p o s i t i o n  t e s t s .  Prev ious t e s t s  had 
shown n e a r l y  double t h e  d e p o s i t i o n  when 250 

cvc les  o f  w e t - r i n s e- d r y  o p e r a t i o n  were compared 
t o  a  cont inuous w e t t i n g  o f  t h e  same dura t ion .  
Even so, t h e  d e p o s i t i o n  f rom cont inuous wet 
o p e r a t i o n  may be an impor tan t  s c a l i n g  mode f o r  
w e t l d r y  towers and may r e q u i r e  chemical and pH 
c o n t r o l .  Work i n  progress i s  d i r e c t e d  toward 
t h e  chemical n a t u r e  and c o n t r o l  o f  t h e  deposi-  
t i o n  process. 

(a )  A l a r g e  t e s t  o f  a  w e t l d r v  c o o l i n g  tower 
i s  be ing  designed f o r  o p e r a t i o n  i n  Kern 
County, C a l i f o r n i a ,  under t h e  auspices of 
E l e c t r i c  Power Research I n s t i t u t e  and 
P a c i f i c  Gas and E l e c t r i c .  

TABLE 1. Deposition on Aluminum Fins 

Water Core Wet Time Core Wet Wt. Gain 
Run Conc. Cycles - - (hr) Temp (OF) (mg/dm2) 

14 2X 1 125 126 -13.3 

15 4X 1 120 125 47 



Advanced Energy Generat ion Systems 

A  p rev ious  s tudy  est imated t h a t  some 
degree o f  d r y  coo l ing ,  i n  c o n j u n c t i o n  w i t h  
supplemental evapora t i ve  coo l ing ,  w i l l  be 
needed t o  p r o v i d e  waste heat  r e j e c t i o n  f rom 
20 t o  30 GWe o f  power- generat i  ng capabi 1  i t y  
by the  year 1995. Th is  p r o j e c t i o n  i s  based 
on t h e  p resen t  p r a c t i c e  o f  water a l l o c a t i o n .  
There are i n d i c a t i o n s  t h a t  t h e  p o l i t i c a l  
c l i m a t e  may change, making water a v a i l a b i l i t y  
f o r  i n d u s t r i a l  use even more c r i t i c a l  and 
i n c r e a s i n g  t h e  need f o r  dry /wet  coo l ing .  
Therefore,  an updated s tudy was prepared on 
t h e  i n c e n t i v e s  f o r  us ing  d r y  c o o l i n g  i n  ad- 
vanced energy genera t ion  systems. The pre-  
l i m i n a r y  conc lus ions  are t h a t  energy genera- 
t i o n  systems u s i  ng s o l a r  c e n t r a l  tower (ex-  
cep t  geothermal, coa l  g a s i f i c a t i o n ,  coa l  
l i q u e f a c t i o n ,  and coal  so lven t  and r e f i n i n g )  
have market p o t e n t i a l  f o r  d r y  c o o l i n g  towers; 
hence t h e i r  env i ronmenta l  e f f e c t s  may he i n -  
f l u e n c e d  by t h e  choice o f  d r y  coo l ing .  

Table 2  shows a  summary o f  energy use and 
p r o j e c t e d  waste heat  genera t ion  f o r  va r ious  
energy subtypes. The c e n t r a l  s o l a r  and geo- 
thermal p r o d u c t i o n  o f  e l e c t r i c a l  energy i s  
expected t o  be 0.3 quads (10 GWe) by t h e  
year 2000. Prev ious  s t u d i e s  i n d i c a t e d  t h a t  
d r y  c o o l i n g  would capture about 5% o f  t h e  
c o o l i n g  d u t y  f o r  f o s s i l  and nuc lear  power 
p l a n t s .  Assuming c e n t r a l  s o l a r  i s  used 
l a r g e l y  i n  t h e  a r i d  Southwest, perhaps 50% 
c e n t r a l  s o l a r  would be d r y  cooled. S i t i n g  
r e s t r i c t i o n s  on geothermal suggest t h a t  pe r-  
haps 10% o f  geothermal power p r o d u c t i o n  would 
be d r y  cooled. The sum o f  these p r o j e c t i o n s  
g ives  about 2.5 GWe o f  s o l a r  and geothermal 
t o  be d r y  cooled by t h e  year 2000, compared 
t o  p r o j e c t i o n s  o f  11 t o  44 GWe o f  nuc lear  
and f o s s i l  p l a n t s  t o  be d r y  cooled by t h e  
year 2000. Hence, advanced energy genera t ion  
techno log ies  o f f e r  a  6% t o  23% inc rease  i n  
t h e  p r o j e c t e d  use o f  d r y  c o o l i n g  i n  t h e  power 
i n d u s t r y .  

TABLE 2. Summary of Energy and Waste Heat GenerationAntermediate Growth (Quads) 

1985 3000 
Energy Type  out(^) Q D ( ~ )   out QD QI 

Coal 
Syn. Liquids 0.2 0.017 0.059 6 0.501 1.775 

Coal 
Syn. Gas, High Btu 0 0 0 2 0.332 0.631 

Coal 
Syn. Gas, Low and 
Intermediate Btu 0.3 0.023 0.053 12 0.900 2.100 

Coal 
Clean Fuel 0.1 0.011 0.018 3 0.322 0.549 

Oil Shale 
Syn. L iq~~ ids  0 0 0  7 1.156 2.697 

Geothermal 0.01 0.003 0.064 0.93 0.311 5.913 
(0.1 86) (0.062) (1.183) 

Fossil ~ u e l e d ( ~ )  
Power Plants 8.9 2.09 11.83 11.3 2.65 15.02 

(11.9) (2.79) (15.82) 

Nuclear ~ u e l e d ( ~ )  
Power Plants 3.7 0.38 7.30 3.9 0.41 7.70 

(4.5) (0.47) (8.88) 

Eout - 

( a ) ~ o u t  Useful work energy taken from power plant 
( b ) ~ ~  Direct energy loss to environment (stack losses, etc.) 
(')QI Thermodynamic cycle heat exchange energy rejection 
(CI)contribution from central tower plants only 
(e)~arenthetical values are based on a more conservative DOE study 
( f ) ~ o u t  corrected for efficiencies 



Liquefied Natural Gas (LNG) Safety Studies 

T h e  ob jec t i ves  o f  t h i s  p r o j e c t  a re  (1) t o  c o n d u c t  research a n d  d e v e l o p m e n t  i n  spec i f i c  areas o f  t h e  
D e p a r t m e n t  o f  Energy (DOE)  I n t e g r a t e d  L i q u e f i e d  N a t u r a l  Gas (LNG) Safety a n d  E n v i r o n m e n t a l  C o n t r o l  
P r o g r a m  a n d  (2) t o  p r o v i d e  assistance to t h e  D O E  E n v i r o n m e n t a l  C o n t r o l  T e c h n o l o g y  D iv i s ion  i n  p l a n n i n g  
a n d  techn ica l  su rve i l l ance  o f  t h e  p r o g r a m .  S c o p i n g  assessments in t h e  release p r e v e n t i o n  a n d  c o n t r o l  task 
w e r e  c o m p l e t e d .  T h e  m o d e l  c o m p a r i s o n  a n d  eva lua t i on  task p rog ressed  i n  t h e  areas o f  analysis 
p r o c e d u r e  d e v e l o p m e n t  a n d  se lec t i on  o f  test cases. L i t e ra tu re  su rve i l l ance  a n d  t h e  d e v e l o p m e n t  o f  a n  
L N G  l i b ra ry  c o n t i n u e d .  I n  add i t i on ,  assistance was p r o v i d e d  i n  t h e  p r e p a r a t i o n  o f  t h e  D O E  L i q u e f i e d  
Gaseous Fuels P r o g r a m  Status R e p o r t  a n d  i n  t h e  p l a n n i n g  o f  t h e  A m m o n i a  Safety a n d  E n v i r o n m e n t a l  
C o n t r o l  Assessment Program.  

L i q u e f i e d  N a t u r a l  Gas (LNG) S a f e t y  S t u d i e s  i n f o r m a t i o n  needs, and p o s s i b l e  d e s i g n  
changes t o  p r e v e n t  o r  reduce  t h e  con- 

J. G. DeSteese, D. J. McNaughton, P. J. P e l t o  sequences o f  a  p o t e n t i a l  r e l e a s e .  

The Department o f  Energy Env i ronmen ta l  
C o n t r o l  Technology D i v i s i o n  (DOE-ECT) i s  
conduc t i ng  a  m u l t i c o n t r a c t o r  program t o  
deve lop l i q u e f i e d  n a t u r a l  gas (LNG) s a f e t y  
and env i ronmen ta l  c o n t r o l  i n f o r m a t i o n  needed 
b y  i n d u s t r y ,  r e g u l a t o r y  agencies, and t h e  
genera l  p u b l i c  f o r  d e c i s i o n  making. I n  sup- 
p o r t  o f  t h i s  goa l ,  t h e  o b j e c t i v e s  o f  t h e  LNG 
S a f e t y  S t u d i e s  P r o j e c t  a re  ( 1 )  t o  conduc t  
r e s e a r c h  and development i n  s p e c i f i c  areas, 
p r i n c i p a l l y  i n  LNG r e l e a s e  p r e v e n t i o n  and 
r e l e a s e  c o n t r o l ,  and ( 2 )  t o  p r o v i d e  a s s i s t -  
ance t o  t h e  DOE-ECT i n  p l a n n i n g  and tech-  
n i c a l  s u r v e i l l a n c e  o f  t h e  program. 

Research con t i nued  on t h e  scope assess-  
ment f o r  r e l e a s e  p r e v e n t i o n  and c o n t r o l  f o r  
t h e  f o l l o w i n g  LNG f a c i l i t i e s :  e x p o r t  t e r m i -  
na l ,  mar ine  vesse l ,  i m p o r t  t e r m i n a l ,  peak- 
shav ing  p l a n t ,  and s a t e l l i t e  p l a n t .  T h i s  
r e s e a r c h  i n c l u d e d  a p r e l i n i i  n a r y  hazards 
a n a l y s i s  (PHA) and a n a l y s i s  o f  a  g e n e r i c  
system and r e p r e s e n t a t i v e  r e l e a s e  scenar ios ;  
The i n i t i a l  emphasis o f  t h e  assessment was 
r e l e a s e  p r e v e n t i o n .  The system d e s c r i p t i o n s  
o u t l i n e d  b a s i c  p rocess  f l o w s ,  p l a n t  l a y o u t s ,  
and process d e s c r i p t i o n s .  The PHA i d e n t i -  
f i  ed c r i t i c a l  r e l e a s e  p r e v e n t i o n  coniponents 
and o p e r a t i o n s .  The r e p r e s e n t a t i v e  r e l e a s e  
s c e n a r i o s  p r o v i d e d  a  f o r m a t  f o r  d i s c u s s i n g  
p o t e n t i a l  i n i t i a t i n g  events,  e f f e c t s  o f  t h e  
r e l e a s e  p r e v e n t i o n  and c o n t r o l  systems, 

The LNG vapor g e n e r a t i o n  and d i s p e r s i o n  
model e v a l u a t i o n  t a s k  has t h e  f o l l o w i n g  ob- 
j e c t i v e s :  ( 1 )  t o  i d e n t i f y  LNG dense gas 
models and d i f f e r e n c e s  among models and 
( 2 )  t o  examine t h e  s e n s i t i v i t y  o f  t h e s e  
models t o  v a r i o u s  i n p u t  parameters  f o r  s e t -  
t i n g  p r i o r i t i e s  f o r  f u t u r e  resea rch .  The 
development o f  a n a l y t i c a l  p rocedures  p r o -  
gressed, and t h e  p r e l i m i n a r y  t e s t  case s e l e c -  
t i o n  was completed. P r e l i m i n a r y  t e s t s  were 
s e l e c t e d  f o r  t h r e e  cases: ( 1 )  i n s t a n t a n e o u s  
u n c o n f i n e d  wa te r  s p i l l s ,  ( 2 )  con t i nuous  un- 
c o n f i n e d  wa te r  s p i l l s ,  and ( 3 )  con t i nuous  con-  
f i n e d  l a n d  s p i l l s .  The s e l e c t i o n  o f  t h e  p r e -  
l i m i n a r y  t e s t  cases were based on ( 1 )  c h o i c e  
o f  parameters  t h a t  can be  t r a c e d  t h r o u g h  a l l  
model components, ( 2 )  c h o i c e  o f  i n p u t  p a r a -  
mete rs  suspected o f  b e i n g  c r i t i c a l  t o  t h e  
p r e d i c t i o n  o f  LNG hazards, and ( 3 )  c h o i c e  o f  
t h e  minimum number o f  cases r e q u i r e d  t o  show 
main  parameter  e f f e c t s  and i n t e r a c t i o n s .  

L i t e r a t u r e  s u r v e i l l a n c e  and t h e  deve lop-  
ment o f  an LNG l i b r a r y  con t i nued .  Q u a r t e r l y  
supplenients t o  t h e  "LNG Annota ted B i b l i -  
ography"  and a d d i t i o n s  t o  t h e  "LNG S a f e t y  
and C o n t r o l  L i t e r a t u r e  and Research Updates"  
were completed. 

A s s i s t a n c e  was p r o v i d e d  i n  t h e  p r e p a r a-  
t i o n  o f  t h e  DOE p u b l i c a t i o n  " L i q u e f i e d  Gas- 
eous F u e l s  S a f e t y  and Env i ronmen ta l  C o n t r o l  



Assessment Program: A S ta tus  Report,"  (DOE/ Many o f  t h e  s a f e t y  and envi ronmenta l  i s -  
EV-0036). Th is  e f f o r t  i nc luded  t h e  c o l l e c -  sues i d e n t i f i e d  f o r  LNG appear t o  app ly  t o  
t i o n  o f  i n p u t  f rom o t h e r  c o n t r a c t o r s ,  minor  t h e  hand l ing  o f  o t h e r  l i q u e f i e d  gaseous f u e l s  
e d i t i n g ,  r e p r o d u c t i o n  q u a l i t y  enhancement, and energy m a t e r i a l s .  Ass is tance  was p r o-  
t h e  p r e p a r a t i o n  o f  an i n t r o d u c t i o n ,  and t h e  v ided i n  p l a n n i n g  t h e  DOE Ammonia S a f e t y  and 
i n c o r p o r a t i o n  o f  f i v e  s t a t u s  r e p o r t s  on Environmental C o n t r o l  Assessment Program. 
p r o j e c t  a c t i v i t i e s .  The camera-ready r e p o r t  
was assembled and sen t  t o  DOE Headquarters 
f o r  p r i n t i n g .  



Liquefied Petroleum Gas (LPG) Safety and Environmental 
Research and Development (R&D) 

T h e  project 's ob jec t i ve  is t o  assist t h e  D e p a r t m e n t  o f  Energy Envi ronmenta l  C o n t r o l  Techno logy  
D iv is ion  i n  d e v e l o p i n g  a  p r o g r a m  p l a n  tha t  addresses safety a n d  e n v i r o n m e n t a l  concerns re la t ing  t o  t h e  
p roduc t ion ,  transportat ion, a n d  storage o f  L ique f ied  Pe t ro leum Gas (LPG). Con t r ibu t ions  to t h e  p re l im i -  
nary r e p o r t  i n c l u d e d  descr ip t ions o f  p roduc t ion ,  impor t /expor t ,  a n d  peakshaving plants, t o g e t h e r  w i t h  
p ipe l ine,  barge, ship, rail, a n d  t r u c k  t ranspor tat ion systems. Summaries o f  t h e  cu r ren t  status o f  LPG Safety 
Research a n d  D e v e l o p m e n t  w e r e  p r o v i d e d  i n  vapor  generat ion a n d  dispersion, f i re  hazards, release 
prevent ion,  a n d  release contro l .  

L i q u e f i e d  Petroleum Gas (LPG) S a f e t y  and 
Environmental Research and Development 

J. G. DeSteese 

The o v e r a l l  o b j e c t i v e  o f  t h e  p r o j e c t  i s  
t o  eva lua te  s a f e t y  and envi ronmenta l  c o n t r o l  
i ssues  r e l a t i n g  t o  t h e  p roduc t ion ,  t ranspor-  
t a t i o n ,  and storage o f  L i q u e f i e d  Petroleum 
Gas (LPG). The r e s u l t i n g  i n f o r m a t i o n  w i l l  
suppor t  t h e  Department o f  Energy Envi ron-  
mental Con t ro l  Technology D i v i s i o n  i n  devel-  
oping a  research and development (R&D) p r o-  
gram p l a n  f o r  LPG s a f e t y  and environniental 
concerns. Ob jec t i ves  o f  t h i s  p r o j e c t  i n  
FY 1979 were t o  c h a r a c t e r i z e  t h e  LPG i n d u s t r y  
and t o  sunimarize t h e  s t a t u s  o f  c u r r e n t  LPG 
s a f e t y  and environmental R&D a c t i v i t i e s .  

As used by  i n d u s t r y ,  t h e  te rm " L i q u e f i e d  
Petro leum Gas" inc ludes  propane, butane, and 
v a r i o u s  propane-butane mix tu res .  LPG i s  
grouped w i t h  n a t u r a l  gas01 i ne, ethane, and 
o ther  m a t e r i a l s  under t h e  term "Natu ra l  Gas 
L i q u i d s  (NGL)." About 75% o f  these  products  
a re  obta ined f rom domestic n a t u r a l  gas 
sources. The remainder i s  represented by 
" L i q u e f i e d  R e f i n e r y  Gases," produced f rom 
petro leum sources and f o r e i g n  impor ts .  

NGL has dec l ined  s l i g h t l y  s ince  a  peak i n  
1972, b u t  o v e r a l l  has been q u i t e  s t a b l e  s ince  
1974. The GPA a l s o  r e p o r t s  t h a t  underground 
s to rage  o f  l i g h t  hydrocarbons (such as LPG) 
has been i n c r e a s i n g  a t  about 8% per  year  and 
reached an e s t  imated c a p a c i t y  o f  375 mi 11 i o n  
h b l s  by t h e  end o f  1977. 

Because about 75% o f  t h e  LPG conies f rom 
n a t u r a l  gas sources, i t s  p r o d u c t i o n  i s  v e r y  
c l o s e l y  r e l a t e d  t o  n a t u r a l  gas p roduc t ion .  
The GPA expects a  growing d e f i c i t  between 
consumption and domestic p roduc t ion  w i t h  a  
r e s u l t i n g  growth i n  LPG impor ts .  Therefore,  
t h e  p r i n c i p a l  growth i n  LPG i s  expected i n  
l a r g e  volume t r a n s p o r t a t i o n  and storage. 

S t a r t e d  i n  J u l y  1078, t h i s  p r o j e c t  has 
i n v o l v e d  t h e  e f f o r t s  o f  two subcon t rac to rs .  
B a t t e l l e  Columbus L a b o r a t o r i e s  (BCL) has 
supp l ied  system d e s c r i p t i o n s  o f  LPG t r a n s -  
p o r t a t i o n  by  p i p e l i n e s ,  r a i l ,  and t r u c k s .  
I n  a d d i t i o n ,  BCL p rov ided  assessments o f  t h e  
R&D s t a t e  o f  t h e  a r t  i n  LPG vapor generat ion,  
d i spers ion ,  f i r e s  and explos ions,  and r e -  
lease  p r e v e n t i o n  and c o n t r o l .  The I n s t i t u t e  
o f  Gas Technology c o n t r i b u t e d  d e s c r i p t i o n s  
o f  p roduc t ion ,  in ipor t /expor t ,  and peakshaving 
p l a n t s ,  t o g e t h e r  w i t h  barge and sh ip  t r a n s-  
p o r t a t i o n  systems. 

Data f rom t h e  Gas Processors A s s o c i a t i o n  
(GPA) i n d i c a t e  t h a t  t h e  t o t a l  p r o d u c t i o n  of 



Burning of Oil Spills 

T h e  p u r p o s e  o f  th is  feasibi l i ty assessment p ro jec t  is t o  p r o v i d e  sc ient i f ic  data a n d  guidel ines o n  o i l  spi l l  
c o m b u s t i o n  tha t  are usefu l  t o  those  w h o  mus t  m a k e  decisions o n  e m p l o y i n g  t h e  techno logy  o r  a l l o w i n g  
research d i rec to rs  t o  establ ish needs a n d  prior i t ies. A 700-page repor t ,  w h i c h  inc ludes  m o r e  t h a n  60 
f igures a n d  near ly  50 tables, has b e e n  prepared; t h e  r e p o r t  also inc ludes de ta i led  appendices a n d  a n  
anno ta ted  b ib l iography.  T h e  r e p o r t  has b e e n  rev iewed a n d  c r i t i qued  b y  specialists i n  t h e  U n i t e d  States 
a n d  abroad, a n d  t h e  f ina l  f o r m  is i n  publ icat ion.  Areas f o r  f u t u r e  invest igat ion i n c l u d e  radiant  heat  
e n h a n c e m e n t  t h e o r y  app l ied  to o i l  slicks, p r o p o s e d  o i l  c o m b u s t i o n  classif icat ion ver i f icat ion studies, a n d  
o i l  spi l l  m i t i ga t ion  b y  p r e v e n t i o n  evaluat ion. T h e  p ro jec t  is expec ted  t o  c o n t i n u e  t h r o u g h  FY 1980wi th  t h e  
ma jo r i t y  o f  t h e  techno logy  rev iew w o r k  b e i n g  r e p o r t e d  early i n  FY 1981. 

Combustion: An O i l  S p i l l  M i t i g a t i o n  Tool 

C. H. Thompson, G. W. Dawson, J. L. Goodier 

The use o f  combustion as a t o o l  f o r  m i t i -  
g a t i n g  p o l l u t i o n  f rom o i l  s p i l l s  has been 
r a r e l y  employed, and t h e  success o f  t h e  
a p p l i c a t i o n  has been r e p o r t e d  by  few b u t  
quest ioned by  many. P o l l u t i o n  c o n t r o l  
l i t e r a t u r e  i s  l i m i t e d  i n  i t s  s c i e n t i f i c  
con ten t  e x p l a i n i n g  t h e  o i l  combustion mech- 
anisms and p r o v i d i n g  exp lana t ions  o f  success 
o r  f a i l u r e  o f  o i l  b u r n i n g  attempts. F i r e  
research  l i t e r a t u r e  i s  p r i m a r i l y  d i r e c t e d  
toward c o n t r o l ,  n o t  promotion, o f  f i r e ,  and 
t o  s t r u c t u r a l  sur faces behavior ,  n o t  t h e  
f u e l  source, e. g., t h e  pe t ro leum pool.  The 
scope o f  o u r  s t u d i e s  covers t h e  a p p l i c a t i o n  
o f  combustion t o  t h e  o i l  cargo o f  a s t randed 
o r  wrecked tanker ,  o i l  re leased  i n t o  o r  upon 
water, and o i l - con tamina ted  d e b r i s  r e q u i r i n g  
d isposa l .  

The o b j e c t i v e  o f  o u r  r e p o r t  i s  t o  meet 
needs e s t a b l i s h e d  by  t h e  Department o f  En- 
ergy  (DOE) and t h e  U.S. Coast Guard (USCG). 
DOE d e f i n e d  t h e  o b j e c t i v e s  as f o l l o w s :  t o  
ga ther  e x i s t i n g  i n f o r m a t i o n  on a c t u a l  ex- 
per iences  i n  t h e  use o f  combustion as an o i l  
s p i l l  m i t i g a t i o n  t o o l ,  t o  examine t h e  tech-  
n i c a l  f e a s i b i l i t y  o f  u s i n g  t h e  techn ique  
based upon rev iews  o f  e x i s t i n g  response 
t o o l s  and experience, t o  i n v e s t i g a t e  t h e  
combust i o n  phenomena and e x p l a i n  why t h e  
technique i s  r e p o r t e d  w i t h  v a r i a b l e  success, 
t o  prepare a re fe rence  t e x t  i n c l u d i n g  an 
annotated b i b l i o g r a p h y  o f  r e l e v a n t  work, and 
t o  i d e n t i f y  s i g n i f i c a n t  i ssues  t h a t  must be 

considered i n  u s i n g  t h e  technology. USCG 
d e f i n e d  t h e  o b j e c t i v e s  as f o l l o w s :  t o  
develop a mathematic model f o r  t h e  b u r n i n g  
o f  o i l  on water  t h a t  addresses a l l  env i ron-  
mental and thermodynamic f a c t o r s  as w e l l  as 
t h e  p r o p e r t i e s  o f  t h e  o i l ,  t o  i d e n t i f y  t ypes  
of o i l s  amenable t o  s p i l l  response b y  com- 
bus t  ion, t o  determine c o n d i t i o n s  f a v o r a b l e  
t o  us ing  combustion, t o  develop l i m i t a t i o n s  
o r  p recau t ions  f o r  u s i n g  e x i s t i n g  t e c h n o l -  
ogy, and t o  p r o v i d e  p r a c t i c a l  guidance on 
how t o  use combustion technology. Both DOE 
and USCG s e t  as o b j e c t i v e s :  t o  determine 
what r e l a t e d  research  was b e i n g  conducted, 
t o  i d e n t i f y  gaps i n  e x i s t i n g  research and 
development, and t o  exp lo re  t h e  e t h i c a l  
bas is  o f  u s i n g  such technology. 

The r e p o r t  has been prepared i n  two p a r t s :  
(1) P r a c t i c a l  Guidance and ( 2 )  Theory and 
Evaluat ions.  The second p a r t  serves as t h e  
d e t a i l e d  r e f e r e n c e  f o r  t h e  Guidance. S p i l l  
i n c i d e n t  and case h i s t o r y  data are p rov ided  
i n  P a r t  2 t o  e s t a b l i s h  a magnitude and con- 
t e x t  f o r  cons ider ing  t h e  luse o f  combustion. 
T h e o r e t i c a l  exp lana t ions  a re  o f f e r e d  t h a t  
a l l o w  a c l a s s i f i c a t i o n  o f  o i l s  b y  t h e i r  
c o m b u s t i b i l i t y  p o t e n t i a l  and p r o v i d e  a 
q u a n t i t a t i v e  assessment o f  t h e  amount o f  
energy necessary t o  i g n i t e  and s u s t a i n  a 
g iven  o i l  p o o l  f i r e  under v a r i o u s  weather 
cond i t i ons .  The technology a v a i l a b l e  t o  
employ combustion i s  documented, and these  
t o o l s  are eva lua ted  i n  comparison t o  o t h e r  
nonburning s p i  11 responses. To a s s i s t  t h e  
r e s p o n s i b l e  on-scene o f f i c i a l  i n  making t h e  
e v a l u a t i o n  t o  use combustion as an o i l  s p i l l  
m i t i g a t i o n  t o o l ,  t h r e e  s i t u a t i o n s  were 



considered.  P e r t i n e n t  i n f o r m a t i o n  i s  p r e-  
sented i n  d e c i s i o n - t r e e  fo rmat  f o r  (1) i n -  
f o r m a t i o n  elements f o r  i n - s i t u  tanker  o i l  
burn ing,  ( 2 )  b u r n i n g  o i l  re leased  upon 
water,  and ( 3 )  b u r n i n g  o i l - c o n t a m i  nated 
debr i s .  

O i l  s p i l l  s l i c k  movement has r e c e i v e d  
much more model ing a t t e n t i o n  than  combustion. 
A  rev iew o f  o i l  s p i l l  movement models i n d i -  
ca ted  major  advances i n  p r e d i c t i n g  t h e  move- 
ment o f  s l i c k s  b u t  l i t t l e  q u a n t i t a t i v e  work 
on t h e  mechanisms o f  weather ing.  The f a c t o r s  
o f  movement and envi ronmenta l  i n t e r a c t i o n s  
are impor tan t  f o r  c o m b u s t i b i l i t y  o f  o i l s  
because c o m b u s t i b i l i t y  i s  i n v e r s e l y  p ropor-  
t i o n a l  t o  degree o f  weathering. Wi th  t h e  
p r i n c i p a l  f a c t o r s  i d e n t i f i e d  f r o m  model ing 
attempts, t h e  combusti on process i s  ex- 
pressed i n  a  s i m p l i f i e d  r e l a t i o n s h i p :  

where 

Hcomb = t h e  heat  re leased  upon 
combustion o f  a  u n i t  o f  f u e l ,  

Hevap = t h e  l a t e n t  heat  o f  v a p o r i z a t i o n  
f o r  t h a t  u n i t  o f  f u e l ,  and 

Hsens = heat  r e q u i r e d  t o  r a i s e  t h e  tem- 
p e r a t u r e  o f  t h e  l i q u i d  f u e l  f rom 
ambient t o  i t s  b o i l i n g  p o i n t .  

Based on e v a l u a t i o n  o f  e m p i r i c a l  da ta  
f r o m  p o o l  f i r e s ,  t h e  above r e l a t i o n s h i p  was 
r e f i n e d  t o  p r o v i d e  a  means f o r  t h e o r e t i c a l  
e v a l u a t i o n  o f  c o m b u s t i b i l i t y  o f  i n d i v i d u a l  
hydrocarbon mix tu res .  The equa t ion  i s  

where 

Cp = t h e  s p e c i f i c  heat  o f  t h e  f u e l ,  

Bp = t h e  b o i l i n g  p o i n t  o f  the  f u e l ,  and 

Ta = t h e  ambient temperature. 

T h i s  r e l a t i o n s h i p  was used t o  propose an o i l  
( : lass i f  i c a t i o n  system t o  eva lua te  t h e  poten-  
t i a l  success o f  i n i t i a t i n g  and s u s t a i n i n g  an 
o i l  bu rn  under a  v a r i e t y  o f  c o n d i t i o n s  and 
t o  i d e n t i f , ~  v a r i o u s  concepts which may en- 
hance t h e  o i l  combustion process. The f o l -  
l o w i n g  c a t e g o r i e s  o f  o i l s  were de f ined :  

Cat. No. 1 - those  f u e l s  f rom which 
ample excess heat  i s  gene- 
r a t e d  t o  e a s i l y  meet heat  
requirements, 

Cat. No. 2 - those  f u e l s  whose r a d i a n t  
hea t  back t o  t h e  poo l  
r o u g h l y  equals  t h e  heat  
requi rements,  and 

Cat. No. 3 - those  f u e l s  which, unaided, 
produce i n s u f f i c i e n t  heat  
t o  meet t h e  requi rements 
f o r  burn ing.  

A  d e t a i l e d  a n a l y s i s  o f  crude o i l  f r a c -  
t i o n s  a l lowed t h e  proposal  o f  a  "break-even 
p o i n t "  where t h e  heat  r e q u i r e d  equals  t h e  
heat  generated f o r  t h e  f r a c t i o n s  rema in ing  
i n  t h e  crude o i l .  T h i s  a n a l y s i s  i n d i c a t e d  
t h a t  o i l s  w i t h  break-even p o i n t s  a t  20% t o  
30% o f  f r a c t i o n  rema in ing  a r e  u n l i k e l , ~  t o  
s u s t a i n  combustion, w h i l e  o i l s  w i t h  break-  
even p o i n t s  a t  80% t o  90% shou ld  r e a d i l y  
burn. 

Radiant  heat  t r a n s f e r  t o  o i l  s l i c k s  i s  
shown t o  be more s i g n i f i c a n t  than  conduct ion 
o r  convec t ion  and appears t o  have r e c e i v e d  
mi nimal a t t e n t i o n  by  manufacturers and p rac-  
t i t i o n e r s  o f  o i l  burn ing.  I t  i s  suggested 
t h a t  i f  an inc rease  o f  1% o r  2% i n  t h e  
r a d i a n t  heat  t r a n s f e r  c o u l d  be accomplished, 
most, i f  n o t  a l l ,  o i l s  c o u l d  be burned. 

Losses due t o  v o l a t i l i z a t i o n  a re  a  pr ime 
f a c t o r  i n  t h e  weather ing process. Vapor iza-  
t i o n  t h e o r y  was employed t o  determine changes 
i n  t h e  c o m b u s t i b i l i t y  o f  an o i l  over  t ime, 
c o n s i d e r i n g  i n t e r a c t i v e  f a c t o r s  such as wind 
speed. The i g n i t i o n  o f  Arabian l i g h t  crude 
o i l  was eva lua ted  as an example. Between 
0.012 and 0.06 cal/sec-cm2 o f  poo l  s u r f a c e  
i s  r e q u i r e d  d u r i n g  t h e  i g n i t i o n  phase a long 
w i t h  a  p u l s e  i n p u t  o f  72 t o  714 cal/cm2 t o  
account f o r  i n i t i a l  hea t  losses.  

The t e c h n i c a l  f e a s i b i l i t y  assessment i n  
t h i s  s tudy  considered t h e  p r o b a b i l i t y  o f  
u s i n g  b u r n i n g  technology compared t o  o t h e r  
nonburning a l t e r n a t i v e s .  Case h i s t o r y  ex- 
per ience  was a l s o  used t o  assess usefu lness,  
and i t  becomes ev iden t  t h a t  t h e r e  w i l l  be 
major  i ~ c i d e n t s  where t h e  combustion t o o l  
should be c a r e f u l l y  considered and employed. 

As a  r e s u l t  o f  t h i s  study, i t appears 
t h a t  o i l s  may be grouped i n t o  t h e  f o l l o w i n g  
genera l  ca tegor ies .  O i l s  t h a t :  

a re  e a s i l y  amenable t o  b u r n i n g  
(Category 1) 

. . r e f i n e d  cu ts  hav ing  p o s i t i v e  ne t  
heat a v a i l a b l e  th roughou t  t h e i r  
b o i l i n g  temperature range 
..crude o i l  having a  break-even 
p o i n t  a t  g r e a t e r  than  67% by  
volume; 



are  amenable t o  b u r n i n g  depending upon 
circumstances and some l i m i t e d  use o f  
combusti on promoters (Category 2 )  . . r e f  i ned cu ts  hav ing a t  l e a s t  a 

p o s i t i v e  ne t  heat a v a i l a b l e  a t  t h e  
upper b o i l i n g  p o i n t  o f  t h e  f r a c t i o n  . . crude o i l  hav ing a break-even 
p o i n t  a t  g r e a t e r  than  40%, l e s s  
than  67%; 

r e q u i r e  cons iderab le  e f f o r t  and r e-  
peated use o f  combustion promoters t o  
burn (Category 3 )  . . r e f  i ned cu ts  hav ing a nega t i ve  

heat  a v a i l a b l e  throughout  t h e  
f r a c t i o n  b o i l i n g  range . .crude o i l  hav ing a break-even 
p o i n t  a t  40% o r  less.  

The t e c h n i c a l  f e a s i b i l i t y  o f  b u r n i n g  o i l  
i n - s i t u  i n  tankers, on water, and as con- 
taminated debr i s  was prepared by  l i s t i n g  
c o n d i t i o n s  and circumstances most f a v o r a b l e  
t o  b u r n i n g  and then  comparing t h e  b u r n i n g  
technique t o  o t h e r  response techniques i n  a 
r e l a t i v e  r a n k i n g  m a t r i x .  The f e a s i b i l i t y  o f  
b u r n i n g  o i l  i n - s i t u  tanker  i s  a p romis ing  
concept which i s  y e t  t o  be f u l l y  demonstrated 
and r e q u i r e s  investments t o  be inc luded  as a 
v i a b l e  o i l  s p i l l  m i t i g a t i o n  t o o l .  Burn ing  
o i l  on water i s  a t e c h n i c a l l y  j u s t i f i e d  con- 
cep t  f o r  ca tegor ies  o f  o i l  under c e r t a i n  
environmental cond i t i ons .  Hardware and 
systems need ref inement  and demonstrat ion. 
Burn ing o i l - con tamina ted  d e b r i s  i s  proven 
f e a s i b l e  and i t s  use i s  l i m i t e d  no t  b y  tech-  
nology b u t  by  l o c a l  env i ronmenta l  p o l i c y  
makers. 

I t appears t h a t  combustion as an o i l  
s p i l l  m i t i g a t i o n  t o o l  becomes f e a s i b l e  con- 
s i d e r i n g  s o c i a l  and economic f a c t o r s  i f :  

The s u b j e c t  o i l  c l a s s i f i e s  i n  t h e  
f i r s t  o r  p o s s i b l y  second category. 

Response a c t i o n  i s  taken w i t h i n  hours 
a f t e r  o i l  i s  re leased.  

Such imminent and s u b s t a n t i a t e d  danger 
e x i s t s  t h a t  i n t e r v e n t i o n  i s  j u s t i f i e d .  

The b u r n i n g  s i t e  i s  remote ly  l o c a t e d  
f rom popu 1 a t  i on. 

The volume o f  o i l  i s  beyond t h e  capa- 
c i t y  and c a p a b i l i t y  o f  o t h e r  response 
met hods. 

a Salvage opera t ions  a r e  ques t ionab le  o r  
abandoned. 

Groundwater i s  t o o  h i g h  t o  p e r m i t  l and  
f i l l  b u r i a l  o f  debr is .  

Q u a n t i t i e s  and b u l k y  c h a r a c t e r i s t i c s  
o f  d e b r i s  make land  f a r m i n g  t o o  c o s t l y .  

Loca l  a u t h o r i t i e s  w i l l  p e r m i t  bu rn ing  
debr i s .  

@ Personnel experienced i n  o i  1 b u r n i n g  
and necessary equipment and m a t e r i a l  
a re  on scene o r  a v a i l a b l e  w i t h i n  hours. 

Because o f  age o r  damage t h e  vessel i s  
expected t o  be l o s t  o r  a t  bes t  scrapped. 

Vessel s t a b i l i t y ,  weather, and cargo 
pose an unreasonable r i s k  t o  responding 
personnel.  

The e t h i c s  o f  u s i n g  combustion as an o i l  
s p i l l  m i t i g a t i o n  t o o l  have been descr ibed b y  
examining concerns o f  r e s p o n s i b l e  o f f i c i a l s ,  
economic cons idera t ions ,  and s i g n i f i c a n t  i s -  
sues. The t h i r t e e n  concerns r a i s e d  by these 
o f f i c i a l s  p l u s  o ther  cons idera t ions  have 
been reduced t o  e i g h t  i ssues  on t h e  use o f  
combustion. Considerat ions b o t h  f o r  and 
aga ins t  b u r n i n g  p r o v i d e  t h e  necessary frame- 
work upon which a decision-maker can be p re-  
pared t o  make r a t i o n a l  de te rmina t ions  and 
p r e d i c t a b l e  acceptance. 

The p r e v a i l i n g  a t t i t u d e  i s  t h a t  t h e  tech-  
nology i s  y e t  t o  be proven and t h e r e f o r e  
r e l u c t a n c e  i n  i t s  use can be a n t i c i p a t e d .  
Experience cannot be gained and t h i s  a t t i -  
tude m o d i f i e d  u n t i l  t h e r e  has been a s u f f i -  
c i e n t  investment o f  resources and r e p o r t e d  
success. The nega t i ve  a t t i t u d e s  toward use 
o f  bu rn ing  can be overcome i f  assurances can 
be g iven  o f  t h e  advantages and l i m i t a t i o n s  
o f  t h e  techn ique  f o r  a s p e c i f i c  i n c i d e n t .  A 
good example o f  t h i s  i s  t h e  concern f o r  a i r  
q u a l i t y ,  as expressed by o f f i c i a l s ,  which 
would be t e m p o r a r i l y  r e l a x e d  i f  t h e  tech-  
nique works and r e s u l t s  i n  a b e n e f i t  t o  t h e  
l o c a l  populous and t h e  environment. 

Weather i s  expected t o  change f o r  t h e  
worse p r e c l u d i n g  t i m e  r e q u i r e d  f o r  
successfu l  complet ion o f  o ther  s p i l l  
response a1 t e r n a t i  ves. 



Environmental Control Technology for Shale Oil Wastewaters 

T h e  capabi l i t ies  a n d  l im i ta t i ons  o f  c o n v e n t i o n a l  t r e a t m e n t  a n d  d isposa l  t e c h n o l o g y  a r e  b e i n g  eva lua ted  
f o r  sha le  oil wastewaters.  Bench-sca le  t reatab i l i ty  s tud ies  are  b e i n g  c o n d u c t e d  t o  assess t h e  e f fec t iveness 
o f  a l t e rna t i ve  physical ,  chemica l ,  a n d  b i o l o g i c a l  processes f o r  r e m o v i n g  p o l l u t a n t s  f r o m  sha le  oil waste-  
waters.  Tox i c i t y  p r o b l e m s  p rev ious l y  e x p e r i e n c e d  w i t h  a e r o b i c  b io log i ca l  t r e a t m e n t  o f  in- s i tu  r e t o r t  w a t e r  
h a v e  b e e n  o v e r c o m e  t h r o u g h  ca re fu l  c o n t r o l  o f  pH in t h e  ac t i va ted  s l u d g e  ae ra t i on  u n i t s  a n d  b y  a  
p r o l o n g e d  a c c l i m a t i o n  p e r i o d  t o  a l l o w  t h e  b i o l o g i c a l  s l u d g e  t o  ad jus t  t o  t h e  re la t ive ly  ha rsh  c h e m i c a l  
n a t u r e  o f  t h e  r e t o r t  wa te r .  A d d i n g  p o w d e r e d  ac t i va ted  c a r b o n  t o  t h e  ac t i va ted  s l u d g e  u n i t s  also h e l p e d  
p r o m o t e  b io log i ca l  d e g r a d a t i o n  o f  b o t h  o r g a n i c  a n d  i n o r g a n i c  cons t i t uen ts  o f  t h e  r e t o r t  w a t e r  samples 
tested. 

A n a l y s i s ,  Screen ing,  and E v a l u a t i o n  o f  Con- s u c c e s s f u l l y  t r e a t e d  b y  add ing 2000 m g / ~  o f  
t r o l  Technology f o r  Wastewater Generated i n  powdered a c t i v a t e d  carbon t o  t h e  d i g e s t e r .  
Sha le  O i l  Development H igh  l e v e l s  o f  s u l f u r  ( m o s t l y  t h i o s u l f a t e )  

a r e  b e l i e v e d  t o  c o n t r i b u t e  t o  t h e  t o x i c i t y  
B. W. Mercer, W. Wakamiya p rob lem w i t h  anaerob ic  d i g e s t i o n .  

Seve ra l  d i f f e r e n t  t y p e s  o f  wastewaters  
may b e  genera ted  i n  t h e  m i n i n g  and p roces-  
s i n g  s t e p s  l e a d i n g  t o  t h e  r e c o v e r y  o f  o i l  
f r o m  sha le .  R e t o r t  water ,  produced d u r i n g  
p y r o l y s i s  o f  o i l  sha le ,  i s  g e n e r a l l y  t h e  
most h e a v i l y  p o l l u t e d  waste stream; o t h e r s ,  
such as c o o l i n g  water ,  may have a  r e l a t i v e l y  
l ow  p o l l u t i o n  p o t e n t i a l .  Most, o r  a l l ,  o f  
t h e s e  wastewaters  can be  used t o  m o i s t u r i z e  
spent  s h a l e  f r o m  s u r f a c e  r e t o r t s ,  b u t  d i s -  
p o s a l  o r  reuse  must be  p r a c t i c e d  f o r  i n - s i t u  
o p e r a t i o n s .  The p r i m a r y  o b j e c t i v e  o f  t h i s  
program i s  t o  assess t h e  c a p a b i l i t i e s  o f  
s t a t e - o f - t h e - a r t  t e c h n o l o g y  f o r  t h e  t r e a t -  
ment and d i s p o s a l  o f  wastewaters  genera ted  
i n  s h a l e  o i l  development. 

B i o l o g i c a l  Treatment  

I n i t i  a1 f l o w- t h r o u g h  bench- sca le  b i o l o g i -  
c a l  t r e a t m e n t  exper iments  were unsuccess fu l  
i n  a c h i e v i n g  e f f e c t i v e  t o t a l  o r g a n i c  carbon 
(TOC) removal  h y  a c t i v a t e d  s l u d g e  f r o m  r e -  
t o r t  wa te r  t h a t  had been steam s t r i p p e d  f o r  
arrmonia removal.  T o x i  c i t y  prob lems were 
e v i d e n t  when a t tempts  were made t o  a c c l i n i a t e  
t h e  a c t i v a t e d  s l u d g e  u n i t s  t o  m i x t u r e s  o f  
s i m u l a t e d  and a c t u a l  r e t o r t  water .  Removal 
o f  TOC f e l l  o f f  s h a r p l y  as t h e  c o n c e n t r a t i o n  
o f  a c t u a l  r e t o r t  water  exceeded 50%. An- 
a e r o b i c  d i g e s t i o n  o f  r e t o r t  wa te r  a l s o  ap- 
peared  t o  b e  a d v e r s e l y  a f f e c t e d  b y  t o x i c a n t s  
i n  t h e  r e t o r t  water;  however, a  sample o f  
r e t o r t  wa te r  f r o m  a  s i m u l a t e d  r e t o r t  was 

Subsequent f i l l - a n d - d r a w  bench- sca le  s t u-  
d i e s  on a c t i v a t e d  s l u d g e  demonst ra ted e f f e c -  
t i v e  removal o f  TOC a f t e r  a  l o n g  a c c l i m a t i o n  
p e r i o d .  Fo r  t h e s e  exper iments ,  m i x t u r e s  o f  
a c t i v a t e d- c a r b o n- t r e a t e d  r e t o r t  wa te r  were 
used w i t h  u n t r e a t e d  s team- s t r i pped  r e t o r t  
wa te r  and an a c t i v a t e d  s l l ~ d g e  seed o b t a i n e d  
f r o m  a  pe t ro leun i  r e f i n e r y  wastewater  t r e a t -  
ment p l a n t .  I n  a d d i t i o n ,  t h e  pH was con- 
t r o l l e d  w i t h i n  a  range  o f  6.5 t o  7.5 t o  f a -  
c i l i t a t e  t h e  b i o d e g r a d a t i o n  o f  t h i o s u l f a t e .  
Removal of TOC and chemica l  oxygen demand 
(COD) was about  45% and 55%, r e s p e c t i v e l y ,  
w i t h o u t  powdered a c t i v a t e d  carbon a d d i t i o n  
t o  t h e  a c t i v a t e d  s ludge  u n i t s .  A d d i t i o n  o f  
300 mg/e o f  powdered a c t i v a t e d  carbon i n -  
creased TOC and COD removals  t o  about  55% 
and 75%, r e s p e c t i v e l y .  Removal o f  t h i o -  
cyana te  ( a  good i n d i c a t o r  o f  t h e  " h e a l t h "  o f  
t h e  a c t i v a t e d  s ludge)  was i nc reased  f r o m  67% 
t o  99% b y  t h e  a d d i t i o n  o f  a c t i v a t e d  carbon. 
Ammonia l e v e l s  i n c r e a s e d  b y  about  50 mg/g 
t h r o u g h  t h e  a c t i v a t e d  s l u d g e  p rocess  (be-  
l i e v e d  t o  r e s u l t  f r o m  b i o d e g r a d a t i o n  o f  
n i t r o g e n o u s  o r g a n i c s  and t h i o c y a n a t e ) .  

A c t i v a t e d  Carbon S o r p t i o n  

Bench- sca le  s t u d i e s  were conducted w i t h  
e f f l u e n t  f r o m  t h e  f i l l - a n d - d r a w  a c t i v a t e d  
s ludge  u n i t s  t o  de te rm ine  removal l e v e l s  o f  
r e s i d u a l  r e f r a c t o r y  o r g a n i c s  b y  g r a n u l a r  
a c t i v a t e d  carbon columns. The carbon columns 
c o n s i s t e d  o f  a  1.8-cm d iamete r  b y  10-cm-high 



bed o f  50 x 120 mesh ~ i l t r a s o r b '  500 carbon 
and were operated a t  a  f l o w  r a t e  o f  3.9 mR 
per  minute. F igures  6 and 7  i l l u s t r a t e  TOC 
and COD removals, r e s p e c t i v e l y ,  f rom b o t h  
b i o - t r e a t e d  and u n t r e a t e d  s team- str ipped 
r e t o r t  water (SS e f f l u e n t )  w i t h  a c t i v a t e d  
carbon. Treatment by a c t i v a t e d  s ludge 
e f f e c t i v e l y  complements a c t i v a t e d  carbon 
adsorp t ion  f o r  removal o f  h i g h l y  s o l u b l e  
o rgan ics  t h a t  a re  no t  adsorbed w e l l -  by  a c t i -  
vated carbon. The o rgan ics  i n c l u d e  s a l t s  o f  
t h e  lower  a l i p h a t i c  ac ids  (e.g., acetate, 
p rop iona te )  p r e v a l e n t  i n  r e t o r t  waters. 
Removal o f  COD i s  e s p e c i a l l y  poor w i t h o u t  
b i o l o g i c a l  t rea tment  because t h i o s u l f a t e  i s  
n o t  adsorbed by a c t i v a t e d  carbon. 

Treatment S tud ies  

Bench-scale s t u d i e s  t o  eva lua te  steam 
s t r i p p i n g  as a  means o f  removing ammonia 
f r o m  r e t o r t  water were cont inued w i t h  t h e  
5-cm I D  g lass  p i p e  packed t o  a  depth o f  
61  cm w i t h  e i t h e r  0.64- o r  1.27-cm ceramic 
saddles. Feed t o  t h e  s t r i p p e r  i s  in t roduced  
a t  t h e  t o p  o f  t h e  column o f  saddles and i s  
c o u n t e r - c u r r e n t l y  con tac ted  w i t h  steam 
generated by a  r e b o i l e r  a t  t h e  bot tom o f  t h e  
column. Steam, c o n t a i n i n g  v o l a t i l e  con- 
s t i t u e n t s  s t r i p p e d  f rom t h e  feed, i s  removed 
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f rom t h e  t o p  o f  t h e  column, condensed, and 
c o l l e c t e d  i n  a  condensate r e c e i v e r .  The 
condensate r e c e i v e r  i s  vented t o  a  water 
t r a p  and an a c i d  t r a p  i n  s e r i e s  t o  adsorb 
ammonia vapor c a r r i e d  over  w i t h  noncon- 
densable gases. The steam-str ipped feed  
c o l l e c t s  i n  t h e  r e b o i l e r  and i s  drawn o f f  
c o n t i n u o u s l y  t o  m a i n t a i n  t h e  d e s i r e d  l i q u i d  
l e v e l  i n  t h e  r e b o i l e r .  Two o p e r a t i o n a l  
modes were evaluated,  one w i t h  r e c y c l e  o f  
t h e  condensate and one w i t h o u t  r e c y c l e .  I n  
t h e  condensate r e c y c l e  mode, t h e  condensate 
i s  r e c y c l e d  by  i n j e c t i n g  it i n t o  t h e  f e e d  
stream t o  t h e  s t r i p p i n g  column. Recycle o f  
t h e  condensate e l i m i n a t e s  t h e  n e c e s s i t y  o f  a  
separate wastewater stream, b u t  a l s o  reduces 
t h e  e f f i c i e n c y  o f  ammonia removal i n  t h e  
s t r i p p i n g  column by i n c r e a s i n g  t h e  ammonia 
c o n c e n t r a t i o n  i n  t h e  feed  streams. The 
a l t e r n a t i v e  o f  no condensate r e c y c l e  r e s u l t s  
i n  an aqueous ammonia s o l u t i o n  t h a t  con ta ins  
v o l a t i l e  o rgan ic  m a t t e r  s t r i p p e d  f rom t h e  
r e t o r t  water. 

The r e s u l t s  o f  s t u d i e s  w i t h  t h e  5-cm d i a-  
meter s t r i p p e r  w i t h  severa l  d i f f e r e n t  p r o-  
cess waters a re  presented i n  Table 3. The 
major  d i f f e r e n c e  between t h e  two runs  made 
w i t h  s imu la ted  i n - s i t u  process water  i s  t h e  
a d d i t i o n  o f  a l k a l i n i t y  i n  t h e  case o f  con- 
densate r e c y c l e .  T h i s  a l k a l i n i t y  accounts 
f o r  t h e  h igher  e f f l u e n t  pH, which i s  c r i t i -  
c a l  t o  m a i n t a i n i n g  ammonia as f r e e  NH3. 
Wi thout  t h e  a l k a l i n i t y  a d d i t i o n ,  t h e  
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FIGURE 6. Activated Carbon Treatment Total Organic Carbon (TOC) Removal 
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FIGURE 7. Activated Carbon Treatment Chemical Oxygen Demand (COD) Removal 

per formance w i t h  r e c y c l e  and l ower  b o i  l o f f  
r a t e  would  have r e s u l t e d  i n  ammonia removal 
l e v e l s  be low 98%. W i t h  t h e  a l k a l i n i t y  
a d d i t i o n ,  i t  was p o s s i b l e  t o  ach ieve  99.95% 
removal.  The e f f e c t  o f  a l k a l i n i t y  a d d i t i o n  
on steam s t r i p p i n g  o f  s i m u l a t e d  i n - s i t u  
p rocess  wa te r  i s  i l l u s t r a t e d  i n  F i g u r e  8.  
W i t h o u t  t h e  a d d i t i o n  o f  NaOH, t h e  pH drops 
t o  7.9, where some o f  t h e  ammonia i s  i n  t h e  
f i x e d  f o r m  and i s  n o t  a v a i l a b l e  f o r  s t r i p -  
p ing .  On t h e  o t h e r  hand, n e a r l y  a l l  o f  t h e  
amnonia i s  a v a i l a b i e  as f r e e  NH3 above pH 
9.5 and can be  more e f f e c t i v e l y  removed b y  
s t r i p p i n g .  

Steam s t r i p p i n g  d a t a  i n  T a b l e  3  f o r  Utah 
i n - s i t u  No. 2  show t h e  e f f e c t  o f  r e c y c l e  o f  
t h e  condensate a t  l ow  b o i l o f f  r a t e s .  Am- 
monia  removal  was o n l y  83% w i t h  r e c y c l e  a t  a  

b o i l o f f  r a t e  o f  5%. Reduc ing t h e  p a c k i n g  
s i z e  f o r  Utah i n - s i t u  No. 3 appeared i n s t r u -  
menta l  i n  i n c r e a s i n g  t h e  ammonia removal.  
A d d i t i o n a l  f a c t o r s  which may have c o n t r i b u t e d  
t o  t h e  h i g h e r  ammonia removal r a t e  a r e  t h e  
l ower  f l o w  r a t e  and a d i f f e r e n t  c o m p o s i t i o n  
o f  p rocess  water,  a l t h o u g h  t h e  p r i m a r y  
c o n t r o l l i n g  f a c t o r  o f  pH was e s s e n t i a l l y  t h e  
same f o r  each wastewater .  The s t r i p p e r  p e r -  
formance f o r  Utah i n - s i t u  No. 4 was much 
improved ove r  No. 3. T h i s  improvement i s  
a p p a r e n t l y  due t o  sma l l  i n c r e a s e s  i n  t h e  
b o i l o f f  r a t e  and pH. The pH f r o m  f e e d  t o  
e f f l u e n t  i n c r e a s e s  owing t o  t h e  s t r i p p i n g  o f  
C02 f r o m  t h e  NaHC03 p r e s e n t  i n  Utah i n -  
s i t u  p rocess  water .  Ammonia removal f o r  t h e  
above-ground r e t o r t  water  was v e r y  poo r  
s i n c e  most  o f  t h e  ammonia i s  i n  t h e  f i x e d  
f o r m  (NHq+) w i t h o u t  s u f f i c i e n t  ca rbona te  



Process Water 

Simulated in-situ 
Simulated in-situ 
Utah in-situ No. 2 
Utah in-situ No. 2 
Utah in-situ No. 3 
Utah in-situ No. 4 
Above-ground retort 

(a)lntalox saddles 
(b)~ercent of feed 

TABLE 3. Steam Stripping Results with 5-cm Column 

Stripper 
Packing 

~ i a m e t e r ( ~ )  
(cm) 

0.64 
0.64 
1.28 
1.28 
0.64 
0.64 
0.64 

Feed 
Rate 

(mp/min) -- 
55 
45 

100 
110 
57 
5 1 
27 

Boiloff 
Rate (b) (%) 

14 
11 
8 
5 
5 
6 

30 

Condensate 
Recycle 

N o  
Yes 
No 
Yes 
Yes 
Yes 
Yes 

Feed 

pH 
9.4 
9.5 
8.8 
8.8 
8.7 
8.6 
8.5 

Effluent 

pH 

7.9 
10.2 

9.7 
9.7 
9.6 

10.0 
6.2 

Total Organic 
Removal (%) 

- 
18 
- 
- 

19 
17 
- 

Ammonia 
Removal (%) 

98 
99.95 
99.5 
83 
96 
99.5 
38 

3 I I 

A 

- 

a l k a l i n i t y .  A d d i t i o n  o f  i nexpens ive  a lka -  
l i n i t y  i n  t h e  fo rm o f  l i m e  t o  t h i s  wa te r  
c rea tes  a l a r g e  amount of ca lc ium carbonate 
sludge. The f o r m a t i o n  o f  t h i s  s ludge can be 
avoided and l i m e  use min imized by  removing 
t h e  f r e e  ammonia f i r s t  i n  a  separate s t r i p -  
p e r  o r  s t r i p p e r  s e c t i o n  (which a l s o  removes 
C02), then  adding l i m e  t o  remove t h e  f i x e d  
ammonia i n  another s t r i p p e r  o r  s e c t i o n  o f  
t h e  s t r i p p e r .  Thus, removal o f  f r e e  and 
f i x e d  ammonia f r o m  cok ing  l i q u o r  i s  
accomplished. 

Evapora t ion  o f  R e t o r t  Water 

F e a s i b i  1 i t y  t e s t s  on evapora t ion  o f  r e t o r t  
water were i n i t i a t e d  th rough  a subcon t rac t  
w i t h  Resources Conservat ion Company o f  
Sea t t le ,  Washington. Evapora t ion  o f  r e t o r t  
water  appears t o  o f f e r  t h e  bes t  chance o f  

0 1 2 r e c o v e r i n g  h i g h - q u a l i t y  water  i n  reasonable 

NaOH ADDITION, gll! volumes f o r  reuse. The h i g h  s a l i n i t y  o f  t h e  
i n - s i t u  r e t o r t  waters s t u d i e d  renders  these 
waters u n s u i t a b l e  f o r  membrane processes 

FIGURE 8. Effect of Alkalinity Addition on Ammonia such as reverse  osmosis o r  e l e c t r o d i a l y s i s .  
Removal from Simulated In-Situ Process Water by 
Steam Stripping 



Compressed Air Energy Storage (CAES) 

T h e  object ives o f  this p r o j e c t  are t o  iden t i f y  po ten t ia l  e n v i r o n m e n t a l  p r o b l e m  areas associated w i t h  t h e  
i m p l e m e n t a t i o n  o f  Compressed A i r  Energy Storage (CAES) technology, t o  assess t h e  po ten t ia l  impacts o f  
these concerns, a n d  t o  iden t i f y  o r  h igh l igh t  t h e  n e e d  f o r  technologies t o  p reven t  o r  c o n t r o l  adverse 
impacts. Research efforts i n  FY 1979 concen t ra ted  o n  t w o  waste disposal p rob lems:  (1) t h e  disposal o f  
br ines p r o d u c e d  w h e n  a  salt cavern is so lu t ion  m i n e d  f o r  compressed air  s torage a n d  (2) t h e  disposal o f  
waste r o c k  p r o d u c e d  w h e n  t h e s t o r a g e  cavern is m i n e d  f r o m  h a r d  rock .  Research i n  FY 1980wi l l  f o c u s o n  
t h e  effects o f  CAES facil it ies o n  surface a n d  g roundwate r  systems. 

Compressed A i r  Energy Storage (CAES! 
Environmental Con t ro l  Concerns 

R. A. Cra ig,  G. R. K e i z u r  

Compressed a i r  energy s to rage  (CAES) i s  a  
technology f o r  s t o r i n g  excess o f f - peak  e lec-  
t r i c a l  energy i n  thermo-mechanical form and 
r e c o v e r i n g  i t  l a t e r  f o r  peak-demand p e r i o d  
genera t ion  o f  e l e c t r i c i t y .  Dur ing  p e r i o d s  
o f  low e l e c t r i c i t y  demand, t h e  excess capa- 
c i t y  o f  a  baseload genera t ing  p l a n t  would be 
used t o  power an a i r  compressor t r a i n  a t  t h e  
CAES f a c i l i t y .  The compressed a i r  would 
then  be s t o r e d  underground i n  porous media, 
such as aqu i fe rs ,  o r  i n  caverns mined f rom 
hard rock  o r  s o l u t i o ~  mined i n  s a l t  forma- 
t i o n s .  Dur ing  d a i l y  peak- load per iods,  t h e  
compressed a i r  would be ex t rac ted ,  mixed 
w i t h  f u e l ,  and burned i n  a combustion cham- 
ber. The ho t  combustion p roduc ts  would then  
be expanded through t u r b i n e s  f o r  power. 

As lead  l a b o r a t o r y  f o r  research sponsored 
by t h e  Department o f  Energy i n  compressed 
a i r  energy storage, P a c i f i c  Northwest Lab- 
o r a t o r y  e s t a b l i s h e d  t h e  Environmental Con- 
t r o l  Concerns Program. The o b j e c t i v e s  o f  
t h e  program i n c l u d e  i d e n t i f i c a t i o n  o f  t h e  
env i ronmenta l  f a c t o r s  ( a i r -  and water-borne 
re leases,  e f f e c t s  on g e o l o g i c  s t a b i l i t y ,  and 
a e s t h e t i c  and land-use c o n s i d e r a t i o n s )  asso- 
c i a t e d  w i t h  t h e  use o f  CAES; q u a n t i f i c a t i o n  
of t h e  env i ronmenta l  impacts o f  these f a c-  
t o r s  and es tab l i shment  o f  a  data resource 

u s e f u l  f o r  p l a n n i n g  and s i t i n g  CAES f a c i l i -  
t i e s ;  and i d e n t i f i c a t i o n  o f  env i ronmenta l  
c o n t r o l  p r a c t i c e s  o r  areas o f  research lead-  
i n g  t o  improved c o n t r o l  p r a c t i c e s .  

Dur ing  FY 1979, t h e  f u l l  range o f  poten-  
t i a l  env i ronmenta l  concerns was surveyed, 
and a  management p l a n  was prepared. Research 
e f f o r t s  concentrated on t h e  c h a r a c t e r i z a t i o n ,  
hand1 i ng, and d isposa l  o f  waste m a t e r i a l s  
generated i n  t h e  c o n s t r u c t i o n  o f  CAES r e s e r-  
v o i r s .  Two waste d isposa l  problems were 
i n v e s t i g a t e d :  t h e  d isposa l  o f  b r i n e s  p r o-  
duced when a  s a l t  cavern i s  s o l u t i o n  mined 
f o r  compressed a i r  s to rage  and t h e  d isposa l  
o f  waste rock when t h e  s to rage  cavern i s  
mined f rom hard rock.  

I n  ana lyz ing  t h e  f e a s i b i l i t y  o f  b r i n e  
d isposa l  i n  underground format ion,  severa l  
f a c t o r s  were considered. F i r s t ,  s u i t a b l e  
geo log ic  fo rmat ions  were i d e n t i f i e d  f o r  use 
as i n j e c t i o n  s i t e s ,  and p o s s i b l e  e f f e c t s  o f  
i n j e c t i o n  on t h e  s t a b i l i t y  o f  these forma- 
t i o n s  were assessed. Next, b r i n e  i n j e c t i o n  
methods were i n v e s t i g a t e d ,  and systems f o r  
m o n i t o r i n g  t h e  i n j e c t e d  b r i n e  mass were d i s -  
cussed. F i n a l l y ,  l e g a l / i n s t i t u t i o n a l  f a c -  
t o r s  ( i n c l u d i n g  t h e  proposed Environmental 
P r o t e c t i o n  Agency Underground I n j e c t i o n  Con- 
t r o l  Program [40 CFR P a r t  1461) were s tud ied .  

The a n a l y s i s  o f  environmental impacts o f  
mined waste rock  inc luded  i d e n t i f i c a t i o n  of 
t h e  rock  fo rmat ions  t h a t  cou ld  be encountered 



i n  deve lop ing  CAES f a c i l i t i e s .  P o t e n t i a l  
p o l l u t a n t s  ( i n c l u d i n g  s u l f i d e s ,  r a d i o -  
nuc l ides,  asbest i f  orms, and suspended and 
d isso lved  s o l i d s )  and t h e i r  env i ronmenta l  
impacts were assessed. F i n a l l y ,  c o n t r o l  
s t r a t e g i e s  were i d e n t i f i e d  t h a t  cou ld  b e  
used t o  m i t i g a t e  these impacts. 

Research e f f o r t s  i n  FY 1980 w i l l  f ocus  on 
t h e  e f f e c t s  o f  CAES f a c i l i t i e s  on a q u i f e r s  

and sur face  waters, i n c l u d i n g  p o s s i b l e  
con tamina t ion  o f  a q u i f e r s  i n  which CAES 
f a c i l i t i e s  are l o c a t e d  and p o s s i b l e  contami-  
n a t i o n  o f  s u r f a c e  waters used i n  pressure-  
compensated systems. A lso  t o  be s t u d i e d  i s  
t h e  p o s s i b i l i t y  o f  i nc reased  se ismic  a c t i v i -  
t y  f rom a r t i f i c i a l  increases and decreases 
o f  pore pressures. 



Assessment of Energy-Conserving Industrial Waste Treatment Technology 

The Water Pollution Control Acts Amendments (PL 92-500) require substantial treatment of industrial 
wastes. Most waste treatment processes have been developed with little regard for energy use. The 
objectives of this program are to provide an overview of current industrial pollution control practices, 
assess Department of Energy activities in this area, and prepare a plan on recornmended alternative 
possibilities of energy-conserving industrial waste treatment processes. A comprehensive literature 
review was undertaken to establish an industrial priority list, develop industrial process diagrams, 
determine industrial pollutant discharges, and identify current study areas. Published data and informa- 
tion or data collected from industrial trade groups were used to develop the necessary data base. Possible 
industrial waste treatment areas were identified where additional research in energy-conserving pro- 
cesses i s  needed. In addition, the report examined the impact the Federal Water Pollution Control Act of 
1977, the Clean Air Act of 1977, and the Toxic Substances Control Act of 1976 will have on industry. 

Assessment o f  Energy-Conserving I n d u s t r i a l  
Waste Treatment Processes 

B. W. Mercer, S. E. P e t t y  

The energy r e q u i r e d  b y  i n d u s t r y  t o  meet 
government r e g u l a t i o n s  f o r  p o l l u t i o n  c o n t r o l  
d u r i n g  1977 represen ts  approx imate ly  3% o f  
t h e  t o t a l  energy consumed b y  indus t ry .  A l -  
though t h i s  c u r r e n t l y  amounts t o  o n l y  1.3% 
o f  t h e  t o t a l  U.S. energy requirements, e f -  
f o r t s  are under way t o  implement energy- 
conserv ing technology i n t o  t h e  i n d u s t r i a l  
p o l l u t i o n  c o n t r o l  f i e l d .  Energy consumption 
has n o t  c h a r a c t e r i s t i c a l l y  been a key  para-  
meter considered by  i n d u s t r y  f o r  d e c i d i n g  
t h e  t y p e  o f  p o l l u t i o n  c o n t r o l  s t r a t e g y  t o  
implement. Instead,  t h e  d e c i s i o n  has been 
based on f a c t o r s  such as t o t a l  cost ,  main- 
tenance requirements, ease o f  operat ion,  and 
d e p e n d a b i l i t y  i n  c o n t r o l l i n g  t h e  p o l l u t a n t .  
However, as t h e  cos t  o f  energy increases i n  
t h e  f u t u r e ,  energy consumption w i l l  p l a y  a 
r ~ a j o r  r o l e  i n  making dec is ions  about p o l l u -  
t i o n  c o n t r o l  and i n  de te rmin ing  o p e r a t i n g  
costs. By developing and implementing 
energy-conserving p o l l u t i o n  c o n t r o l  a l t e r -  
n a t i v e s  now, t h e  cos t  t o  i n d u s t r y  and t h e  
r e l a t e d  energy requi rement  can b e  mainta ined 
a t  a minimum as d ischarge s tandards become 
more s t r i n g e n t .  

Many i n d u s t r i e s  are c u r r e n t l y  i n v o l v e d  i n  
r e v i e w i n g  t o t a l  i n - p l a n t  use. T h i s  rev iew 
shows t h a t  p l a n t  process m o d i f i c a t i o n  and 
waste recovery  can conserve s i g n i f i c a n t  

q u a n t i t i e s  o f  energy. The p o t e n t i a l  energy 
savings through development and imp1 ementa- 
t i o n  of more energy- e f f  i c i e n t  p o l l u t i o n  con- 
t r o l  systems are l e s s  s i g n i f i c a n t .  However, 
a general l ack  o f  hard data r e l a t i v e  t o  p o l -  
l u t i o n  c o n t r o l  energy requi rements f o r  t h e  
v a r i o u s  i n d u s t r i a l  processes makes t h i s  
ana lys is  d i f f i c u l t  t o  q u a n t i f v .  

P r i o r  t o  i d e n t i f y i ~ i g  s p e c i f i c  areas o f  
suggested Department o f  Energy involvement, 
t h e  r e s u l t a n t  energy s a v i ~ i g s  must be p laced  
i n  p roper  p e r s p e c t i v e  by  making i n d u s t r i a l  
p o l l u t i o n  c o n t r o l  processes more energy- 
conserving. The t o t a l  energy r e q u i r e d  b y  
i n d u s t r y  t o  meet government r e g u l a t i o n s  f o r  
p o l l u t i o n  c o n t r o l  d u r i n g  1977 represented 
approx imate ly  2% o f  t h e  t o t a l  U.S. energy 
requirement. Th is  amounts t o  a nominal 
va lue o f  1.7 x 1015 Btu. Conservat ion 
e f f o r t s  r e s u l t i n g  i n  a 20% r e d u c t i o n  i n  
energy consumed f o r  p o l l u t i o n  c o n t r o l  would 
save approx imate ly  t h e  amount o f  energy 
r e q u i r e d  t o  produce about 5.5% o f  t h e  s t e e l  
produced i n  t h e  U.S. d u r i n g  1977. 

Energy-conserving p o l l u t i o n  c o n t r o l  
p r a c t i c e s  w i l l  n o t  make a v a i l a b l e  a l a r g e  
q u a n t i t y  o f  energy. I n d u s t r i a l  process 
m o d i f i c a t i o n s  and genera l  housekeeping tech-  
niques would be much more p roduc t i ve .  How- 
ever, e f f o r t s  t o  implement energy-conserving 
technology i n t o  t h e  p o l l u t i o n  c o n t r o l  f i e l d  
w i l l  m a i n t a i n  energy consumption f o r  p o l l u -  
t i o n  c o n t r o l  a t  a minimum w h i l e  d ischarge  
s tandards become i n c r e a s i n g l y  more s t r i c t .  



Therefore,  f u r t h e r  s tudy  i s  recomnended. I n  
o rder  t o  achieve more energy conserva t ion  i n  
t h e  i n d u s t r i a l  p o l l u t i o n  c o n t r o l  f i e l d ,  t h e  
f o l l o w i n g  s teps should be taken: develop 
t h e  c a p a b i l i t y  t o  view t h e  many p o l l u t i o n  
c o n t r o l  a l t e r n a t i v e s  on a comparat ive b a s i s  
and mod i fy  o r  develop new energy-conservi  ng 
p o l l u t i o n  c o n t r o l  techno log ies  t h a t  o f f e r  an 
economic advantage t o  t h e  user. Areas imme- 
d i a t e l y  amenable t o  such research e f f o r t s  
i n c l u d e  s u l f u r  ox ide  c o n t r o l ,  NOx c o n t r o l ,  
advanced wastewater t rea tment  processes, 
h igh- temperature p a r t i c u l a t e  c o l l e c t i o n ,  and 
c o l l e c t i o n  o f  f i n e  p a r t i c u l a t e  mat ter .  

P r i o r  t o  FY 1979, t h e  i n i t i a l  o b j e c t i v e  
o f  t h e  Energy-Conserving I n d u s t r i a l  Waste 

Treatment research was t o  examine t e n  indus-  
t r i e s  u s i n g  s i g n i f i c a n t  amounts o f  energy 
f o r  p o l l u t i o n  c o n t r o l  and t o  i d e n t i f y  e f f l u -  
en ts  produced b y  each o f  these  i n d u s t r i e s  
and t h e  most e n e r g y - e f f e c t i v e  methods a v a i l -  
able t o  reduce these  e f f l u e n t s .  FY-1979 
research r e f l e c t e d  r e c e n t  enactments cover-  
i n g  d ischarge  o f  a i r  and water  p o l l u t a n t s  b y  
indus t ry .  I n  a d d i t i o n ,  an i n d u s t r i a l  su rvey  
was performed t o  g a i n  i n s i g h t  i n t o  i n d u s t r y ' s  
impressions o f  r e c e n t  Environmental Protec-  
t i o n  Agency r e g u l a t i o n s ,  t o  a s c e r t a i n  t h e  
degree t o  which i n d u s t r y  would comply w i t h  
these r e g u l a t i o n s ,  and t o  l o c a t e  areas w i t h-  
i n  t h e  i n d u s t r i e s  where research i s  needed 
f o r  f e a s i b l e  methods o f  p o l l u t i o n  c o n t r o l .  



Analysis of Nuclear Fuel Cycles 

The o p e r a t i o n  o f  nuc lear  f u e l  cyc le faci l i t ies w i l l  i n t r o d u c e  nox ious  materials, b o t h  rad io log ica l  a n d  
chemical,  i n t o  t h e  e n v i r o n m e n t  t h r o u g h  r o u t i n e  discharges o f  b o t h  l i q u i d  a n d  a i r b o r n e  eff luents. The  
env i ronmenta l  c o n t r o l  impl icat ions o f  c o n t i n u i n g  t o  d e v e l o p  exist ing nuc lear  fue l  cycles a n d  i m p l e m e n t -  
i n g  n e w  f u e l  cycles mus t  b e  systematically d e t e r m i n e d  so techno log ies  tha t  c o n t r o l  o r  e l im ina te  t h e  
discharge o f  nox ious  materials t o  t h e  e n v i r o n m e n t  can b e  qu ick ly  d e v e l o p e d  a n d  demonstrated.  T h e  
ob jec t i ve  o f  th is  p r o g r a m  is t o  i d e n t i f y  areas i n  d e v e l o p i n g  nuclear  f u e l  cycles w h e r e  (1) inadequa te  
considerat ion is b e i n g  g iven t o  env i ronmenta l  controls, (2) inconsistencies a n d  conf l ic ts  exist i n  env i-  
r o n m e n t a l  pol icy, d n d  (3) env i ronmenta l  c o n t r o l  improvements  can b e  just i f ied o n  a cost / r isk /benef i t  
basis t o  ensure  tha t  funds  are n o t  e x p e n d e d  f o r  c o n t r o l  i n  instances w h e r e  ne i the r  t h e  po ten t ia l  effects 
n o r  p u b l i c  concerns warrant  such expenditures. 

A l t e r n a t i v e  Fuel  Cycles 

M. A. Lewal len, A. M. Nolan 

The o b j e c t i v e  o f  t h i s  task  was t o  compare 
t h e  environmental e f f e c t s  o f  e f f l u e n t s  f rom 
reprocess ing  and f a b r i c a t i o n  o f  a l t e r n a t i v e  
l i g h t  water r e a c t o r  (LWR) and l i q u i d  nietal  
f a s t  hreeder r e a c t o r  (LMFBR) f u e l s .  Th is  
task  inc luded  a comparison o f  t h e  env i ron-  
mental hazards o f  p o t e n t i a l  re leases  f rom a 
deep geo log ic  r e p o s i t o r y  f o r  s to rage  o f  
wastes generated by f u e l  c y c l e  f a c i l i t y  
opera t ions .  

E f f l u e n t  q u a n t i t i e s  were est imated f o r  a 
gener i c  reprocess ing  p l a n t  and t h r e e  d i f f e r -  
e n t  gener i c  f u e l  f a b r i c a t i o n / r e f a b r i c a t i o n  
p l a n t s .  F i f t y - y e a r  dose commitments per  
MTHM r e s u l t i n g  f rom a one-year r e l e a s e  were 
determined f o r  t o t a l  body and f o u r  organs. 
Comparisons o f  t h e  t o t a l  body and bone dose 
comnitments f o r  t h e  va r ious  f u e l  types are 
shown i n  Table 4 and Table 5 ,  r e s p e c t i v e l y ;  
Table 6 shows t h e  contents  o f  t h e  v a r i o u s  

f u e l s  and i n  uranium obta ined f rom reproces-  
s i n g  these f u e l s .  V a r i a t i o n s  i n  dose commit- 
ments f o r  t h e  f u e l  f a b r i c a t i o n  and p lu ton ium 
f u e l  r e f a h r i c a t i o n  l a n t s  can be a t t r i b u t e d  
t o  t h e  q u a n t i t y  o f  533Th i n  each a p p l i c a b l e  
f u e l  type. The LMFBR b lanke ts  produce lower  
reprocess ing  dose commitments because t h e y  
are exposed i n  t h e  r e a c t o r  t o  a much lower 
burnup than  t h e  core  reg ions .  

Radionucl i d e  groundwater concen t ra t  i ons  
as a f u n c t i o n  o f  t ime  were est imated f o r  t h e  
leach inq  o f  r e p o s i t o r y  wastes f rom a bedded 
s a l t  s i t e .  The concen t ra t ions  were used t o  
generate a b iohazard index f o r  comparison o f  
p o t e n t i a l  environmental e f f e c t s  o f  the  s t o r -  
age o f  f u e l  c y c l e  waste r e s u l t i n g  f rom t h e  
var ious  f u e l  types.  The waste considered i n  
t h i s  task  inc luded  h i g h- l e v e l  v i t r i f i e d  
wastes and t r a n s u r a n i c -  (TRUI contaminated 
h u l l s  and hardware f rom t h e  f l ~ e l  reproces-  
s i n g  p l a n t ,  as w e l l  as TRU wastes f ron i  t h e  
f u e l  f a b r i c a t i o n  and r e f a b r i c a t i o n  p l a n t s .  
The r e s u l t s  o f  t h e  comparison o f  b iohazards 
are shown i n  Table 7. 

f u e l  types. 
The v a r i a t i o n s  i n  b iohazard index a t  2100 

The v a r i a t i o n s  i n  dose commitnients f o r  t h e  years a re  due t o  t h e  q u a n t i t y  o f  1291 i n  
reprocess ing  and 2 3 3 ~  f u e l  r e f a b r i c a t i o n  t h e  wastes f rom each f u e l  type.  A t  37,000 
p l a n t s  are a r e s u l t  o f  t h e  d i f f e r i n g  q u a n t i -  years, t h e  v a r i a t i o n s  can be a t t r i b u t e d  t o  
t i e s  o f  2 3 2 ~  i n  t h e  f r e s h  and spent f u e l s .  d i f f e r i n g  amounts o f  2 3 3 ~  and 2 3 4 ~  i n  
Th is  n u c l i d e  r e s u l t s  f rom t h e  i r r a d i a t i o n  o f  t h e  waste, w h i l e  2 3 7 ~ p  i s  t h e  r e l e v a n t  
t h o r i u m  and i s  p resen t  i n  spent thorium-based n u c l i d e  a t  230,000 years. 
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TABLE 4. Relative Fifty-Year Total Body Dose Commitments Per MTHM For a One-Year Release 

LWR Fuel ~ ~ ~ e ( ~ )  

Fuel Cycle Facility LEU ReLEU DU-Th ReDU-Th HEU-Th ReHEU-Th Pu-U Pu-Th ----- -- 
Reprocessing Plant 1 .0 (~ )  1.1 0.97 1.1 0.98 1.1 1.1 1.0 

Fuel Fabrication 
plant(c) 1.8 N A ( ~ )  6.6 N A 7.6 N A NA NA 

Fuel Refabrication 
Plant-Pu Fuels NA NA NA NA N A N A 1.0(~)  1.8 

Fuel Refabrication 
Plant-232U Fuels NA 1 .0 (~ )  NA 2.6 N A 3.0 NA NA 

LMFBR Fuel ~ ~ ~ e ( e )  

Fuel Cvcle Facilitv 

Reprocessing Plant 

Fuel Fabrication 
~ lant (c)  

Fuel Refabrication 
Plant-Pu Fuels 

Fuel Refabrication 
Plant-2J'U Fuels 

Inner Outer U Radial U Axial Th Radial 
Core Core Blanket Blanket Blanket 

(a)Alternative LWR Fuels 
LEU is low enriched uranium oxide fuel containing some recycled uranium 
ReLEU is low enriched uranium oxide fuel containing high-activity recycled uranium 
DU-Th is  denatured uranium-thorium oxide fuel 
ReDU-Th is denat~~red uranium-thorium oxide fuel containing high-activity recycled branium 
HEU-Th i s  highly enriched uranium-thorium oxide fuel 
ReHEU-Th is highly enriched uranium-thorium fuel containing high-activity recycled uranium 
Pu-U i s  plutonium-uranium oxide fuel 
Pu-Th is plutonium-thorium oxide fuel 

(b)Reference fuel type for comparison. All comparisons are for equivalent control technologies. 

Reference fuel type for comparison is once-through (no recycle) LEU. 

(d)NA means that this fuel type i s  not fabricated at this plant, 

(e)~lternative LMFBR Fuels 
Inner Core is plutonium-uranium oxide fuel 
Outer Core is plutonium-uranium oxide fuel 
U Radial Blanket i s  depleted uranium oxide 
U Axial Blanket i s  depleted uranium oxide 
Th Radial Blanket i s  thorium oxide 

(f)This fuel type is  fabricated as an integral part of the core fuel elements. 



TABLE 5. Relative 50-Year Bone Dose Commitments Per MTHM for a One-Year Release 

Fuel Cycle Facility 

Reprocessing Plant 

F I J ~  Fabrication 
~ lant (c)  

Fuel Refabrication 
Plant-Pu Fuels 

Fuel Refabrication 
Plant-233U Fuels 

Fuel Cycle Facility 

Reprocessing Plant 

Fuel Fabrication 
~ lant (e)  

Fuel Refabrication 
Plant-Pu Fuels 

Fuel Refabrication 
Plant-23JU Fuels 

LWR Fuel ~ ~ ~ e ( ~ )  

LEU ReLEU Du-Th ReDU-Th HEU-Th ReHEU-Th Pu-U Pu-Th -- -- - -  
1 . 0 ( ~ )  31. 79. 133. 96. 209. 1.8 37. 

iMFBR Fuel ~ ~ ~ e ( ~ )  

Inner Outer U Radial U Axial Th Radial 
Core Core Blanket Blanket Bldnket - - -- 

(a)~lternative LWR Fuels 
LEU is  low enriched uranium oxide fuel containing some recycled uranium 
ReLEU is low enriched uranium oxide fuel containing high-activity recycled uranium 
DU-Th i s  denatured uranium-thorium oxide fuel 
ReDU-Th is  denatured uranium-thorium oxide fuel containing high-activity recycled uranium 
HEU-Th is highly enriched uranium-thorium oxide fuel 
ReHEU-Th is highly enriched uranium-thorium fuel containing high-activity recycled uranium 
Pu-U is  plutonium-uranium oxide fuel 
Pu-Th is  plutonium-thorium oxide fuel 

(b)~eference fuel type for comparison. All comparisons are for equivalent control technologies 

(')Reference fuel type for comparison i s  once-through (no recycle) LEU. 

( d ) ~ ~  means that this fuel type i s  not fabricated at this plant. 

(e)~lternat ive LMFBR Fuels 
lnner Core i s  plutonium-uranium oxide fuel 
Outer Core is plutonium-uranium oxide fuel 
U Radial Blanket i s  depleted uranium oxide 
U Axial Blanket i s  depleted uranium oxide 
Th Radial Blanket i s  thorium oxide 

( f ) ~ h i s  fuel type is fabricated as an integral part of the core fuel elements. 



TABLE 6. Relative Biohazard Indices for Waste Repository Effluents Per MTHM Charged to Reactor 

LWR Fuel 

Time After Generation 
of Waste (yr) LEU ReLEU DU-Th ReDU-Th HEU-Th ReHEU-Th Pu-U Pu-Th - -  -- - 

2,100 I.o(~) 1.6 1.2 1.6 1.2 1.7 1.3 1.4 

LMFBR Fuel ~ y ~ e " '  

Time After Generation Inner Outer U Radial U Axial Th Radial 
of Waste (yr) Core - Core Blanket Blanket Blanket 

- 
(a)~lternat ive LWR Fuels 

LEU is low enriched uranium oxide fuel containing some recycled uranium 
ReLEU i s  low enriched uranium oxide fuel containing high-activity recycled uranium 
DU-Th i s  denatured uranium-thorium oxide fuel 
ReDU-Th is denatured uranium-thorium oxide fuel containing high-activity recycled uranium 
HEU-Th i s  highly enriched uranium-thorium oxide fuel 
ReHEU-Th is highly enriched uranium-thorium fuel containing high-activity recycled uranium 
Pu-U is plutonium-uranium oxide fuel 
Pu-Th i s  plutonium-thorium oxide fuel 

(b)~eference fuel type for comparison. All comparisons are for equivalent control technologies. 

Alternative LMFBR Fuels 
Inner Core i s  plutonium-uranium oxide fuel 
Outer Core i s  plutonium-uranium oxide fuel 
U Radial Blanket is depleted uranium oxide 
U Axial Blanket is depleted ~uraniurn oxide 
Th Radial Blanket is thorium oxide 

Light Water Reactor (LWR) Analysis operation of all facilities in the light 
water reactor (LWR) nuclear fuel cycle from 

M. A. Lewallen, C. M. Heeb 1977 to 2076 was completed. Annual releases 
for some 250 nonradioactive substances and 

An analysis of radioactive and non- 175 radioisotopes were computed. Three 
radioactive substances projected to be nuclear generation scenarios were chosen, 
released to the environment from the including the once-through, reprocessing 



w i t h o u t  recyc le ,  and reprocess ing  f o r  f u l l  
uranium and p lu ton ium r e c y c l e  opt ions.  

The e n t i r e  s e t  o f  substances was ranked 
accord ing t o  a  r a n k i n g  c r i t e r i o n  based on 
t h e  100-year sum o f  re leases.  The twen ty  
h ighes t  r a d i o a c t i v e  and twen ty  h ighes t  non- 
r a d i o a c t i v e  substances were se lec ted  f o r  
more d e t a i l e d  ana lys is .  The a n a l y s i s  i n -  
c ludes a d e s c r i p t i o n  o f  t h e  p resen t  method 
o f  c o n t r o l l i n g  each r e l e a s e  and an assess- 
ment o f  a v a i l  ab le  a1 t e r n a t i v e  methods f o r  
reduc ing  e f f l u e n t s  and, when cos t  i n f o r -  
mat ion i s  ava i lab le ,  t h e  cos t  o f  imple-  
ment ing t h e  a l t e r n a t i v e  system. 

Table 7  l i s t s  t h e  twen ty  h ighes t  r a n k i n g  
r a d i o a c t i v e  e f f l u e n t s  f o r  t h e  f u l l  r e c y c l e  
scenario. Table 8 shows t h e  twen ty  h i g h e s t  
r a n k i n g  nonrad ioac t i ve  e f f l u e n t s .  The anal-  
y s i s  o f  t h e  c o n t r o l  o f  these e f f l u e n t s  i s  
conta ined i n  Heeb e t  a l .  (1979). I n  gene- 
r a l ,  t h e  most se r ious  r a d i o a c t i v e  e f f l u e n t s  
came f rom t h e  r e a c t o r s  and reprocess ing  
p l a n t s ,  w h i l e  t h e  most se r ious  nonradio-  
a c t i v e  e f f l u e n t s  came f rom t h e  head end o f  
t h e  f u e l  cyc le,  i.e., mining, m i l l i n g ,  and 
enrichment. 

TABLE 7. Twenty Highest Dose Nuclides for Full U 
and Pu Recycle 

Relative 

Order 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Nuclide 

H 
138Xe 
85Kr 
14C 
a8Kr 
l35Xe 
3 H 
a7Kr 
'34Cs 
90Sr 
i35mxe 

133Xe 
L44Cm 
14C 
l3'Cs 
232 U 

14C 
13jXe 
3H 
23aPu 

Plant 

FRP 
BWR 
FRP 
FRP 
BWR 
BWR 
PWR 
BWR 
PWR 
FRP 
BWR 
PWR 
FRP 
PWR 
PWR 
FRP 
BWR 
BWR 
BWR 
FRP 

Ranking Factor 
For Total Body 

TABLE 8. Ranking of Dilution Factors for Nonradioactive Airborne 
Etfluent: Full U and Pu Recycle 

Rank 
Dilution 

Factor (m3) 

3.268 x 10l5 
3.266 x 1015 
2.533 x I O l 5  
1.950 x 10'5 
1.609 x 1015 
1.257 x 1015 
1.139 x 1015 
1.193 x 1015 
8.442 x 1014 
6.179 x 1014 
5.029 x 10'4 
4.555 x 10'4 
3.862 x l oT4  
3.282 x l o q 4  
3.080 x 1014 
2.953 x 1014 
2.809 x 1014 
2.648 x 10'4 
2.875 x l o T 4  
2.277 x I O l 4  

Cherr~ical Name Plant 

Ammonia 
Sulfur oxides 
Nitrogen oxides 
Nitrogen oxides 
Uranium 
Sulfur oxides 
Rock dust 
Rock dust 
Sulfur oxides 
Nitrogen oxides 
Nitrogen oxides 
Aldehydes 
Nitrogen oxides 
Hexane 
Aldehydes 
Nitric acid 
Hydrogen fluoride 
Aldehydes 
Sulfur oxides 
Nitrogen oxides 

Uranium fuel fabrication 
Enrichment cascade 
Reprocessing 
Enrichment cascade 
Acid leach mil l  
BWR 
Surface mine 
Underground mine 
Reprocessing 
Aqueous conversion 
BWR 
Surface mine 
Acid leach mil l  
Aqueous conversion 
Acid leach mil l  
Uranium fuel fabrication 
Aqueous conversion 
Underground mine 
Aqueous conversion 
Surface mine 



Thor ium/Uran ium Env i ronmen ta l  C o n t r o l  
Techno logy  

M. A. Lewa l l en ,  C. H. B looms te r  

The o b j e c t i v e s  o f  t h e  t h o r i u m / u r a n i u m  
Env i ronmen ta l  C c n t r o l  Techno?ogy p r o j e c t  a r e  
t o  ( 1 )  i d e n t i f y  t h e  m a j o r  waste  e f f l u e n t s  
a s s o c i a t e d  w i t h  t h e  m i n i n g ,  m i l l i n g ,  and 
r e f  i n i n g  o f  t h o r i u m  and l ow- g rade  u r a n h ;  
( 2 )  i d e n t i f y  e x i s t i n g  e n v i r o n m e n t a l  c o n t r o l  
t e c h n o l o g i e s  f o r  t h e s e  e f f l u e n t s  and d e t e r -  
mine t h e i r  c o s t s  and t h e  c u r r e n t  l e v e l s  o f  
c o n t r o l  ; and ( 3 )  i d e n t i f y  env i ronmen ta l  con-  
t r o l  t e c h n o l o g i e s  t h a t  c o u l d  be used t o  meet 
more s t r i n g e n t  c o n t r o l  s t a n d a r d s  and d e t e r -  
m ine  t h e i r  c o s t s  as a  f u n c t i o n  o f  t h e  l e v e l  
o f  c o n t r o l .  A l l  t h r e e  o f  t h e s e  o b j e c t i v e s  
a r e  comp le ted  f o r  t h o r i u m ,  and a  summary 
r e p o r t  i s  b e i n g  i s s u e d .  The c o s t  r e s u l t s  
a r e  p r e s e n t e d  i n  T a b l e  9 .  The l o w e r  c o s t  
f i g u r e s  a r e  f o r  s t a t e - o f - t h e - a r t  e n v i r o n-  
men ta l  c o n t r o l  t e c h n o l o g y  a t  each s i t e .  

The u ran ium p a r t  o f  t h e  p r o j e c t  i s  now 
focused  on t h e  f i r s t  o b j e c t i v e .  The depo- 
s i t s  t o  b e  i n c l u d e d  i n  t h e  s t u d y  a r e  l i s t e d  

TABLE 9. Cost Range of Environmental Control for 
the Mining, Milling, and Refining of Thorium 
Resources 

Location 
Approximate Cost Range 

Cost/lb Thoria ~roduced(a,b) 

Lemhi Pass 
Hall Mountain 
Wet Mountain 
Palmer, Michigan 
Bald Mountain 
Conway Granite 
Stockpile ~ e f i n e r ~ ( c )  

( a l ~ i n i m u m  costs represent the base technology 
which is usually the most available, lowest cost, 
and simplest to employ (e.g., equipment con- 
structed of mild steel, easy-to-move soil, good 
onsite availability of construction materials, no 
special protection from the environment, low 
contingency). 

( b ) ~ a x i m u m  cost is for the more effective, but 
usually more complex methods and includes up 
to 200% contingency on estimates. 

( ~ ) ~ o e s  not include mining and m~lling environ- 
mental control costs. 

i n  T a b l e  10. A t  t h i s  t ime,  no r e p r e s e n t a -  
t i v e  s i t e  has been s e l e c t e d  f o r  phosphate  
rock ;  t h i s  work w i l l  b e  con ip le ted d u r i n g  
FY 1981. 

TABLE 10. Low-Grade Uranium Deposits 

Deposit TY pe 

Chattanooga, Tennessee Black shale 

Bokan Mt., Alaska Peralkaline granite 

Thomas Caldera, Utah Volcanic rock 

Phosphate rock 

REFERENCE 

Heeb, C. M., e t  a l .  1979. A n a l y s i s  i s  i n  
A  Survey o f  LWR ECT Per formance and Cost .  
PNL-2287, P a c i f i c  No r thwes t  L a b o r a t o r y ,  
R i c h l a n d ,  Washington. 

F u s i o n  M a t e r i a l s  C y c l e  

M. A. Lewa l l en ,  V.  L. T e o f i l o  

The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  e v a l u a t e  
e n v i r o n m e n t a l  e f f l u e n t s  r e l e a s e d  b y  t h e  
g e n e r a t i o n  o f  f u s i o n  power. E a r l y  i n v e s t i -  
g a t i o n  o f  t h e s e  e f f l u e n t s  w i l l  r e v e a l  ways 
o f  n o t  o n l y  c o n t r o l l i n g  b u t  a l s o  r e d v c i n g  
t h e  consequences o f  such e f f l u e n t  r e l e a s e .  
T h i s  t a s k  w i l l  i d e n t i f y  t h e  e n v i r o n m e n t a l  
c o n t r o l  t e c h n o l o g y  (ECT) r e q u i r e m e n t s  asso- 
c i a t e d  w i t h  a l l  aspec ts  o f  t h e  f u s i o n  mate-  
r i a l s  and r e s o u r c e  c y c l e  ( f u s i o n  f u e l  c y c l e )  
of  tokamak magne t i c  f u s i o n  power p l a n t s  
u s i n g  d e u t e r i u m  and t r i t i u m  f u e l .  R e q u i r e -  
ments  f o r  f u s i o n  power p l a n t  m a t e r i a l s  have 
been de te rm ined  f o r  two d i f f e r e n t  tokarnak 
magne t i c  f u s i o n  r e a c t o r  des igns .  Des ign  1 
i n c o r p o r a t e s  a  l i q u i d  l i t h i u m - c o o l e d  b l a n k e t  
w i t h  no n e u t r o n  m u l t i p l i e r ,  and d e s i g n  2 
uses a  he l i um- coo led  b l a n k e t  w i t h  s o l i d  
l i t h i u m  a l u m i n a t e  b r e e d i n g  m a t e r i a l  and 
b e r y l l i u m  m u l t i p l i e r .  The m a t e r i a l  r e q u i r e -  
ments o f  t h e s e  des igns  f o r  i n i t i a l  i n v e n t o r y  
as w e l l  as p e r i o d i c  rep lacemen t  have been 
de te rm ined  f o r  t h e  p r i n c i p a l  f u s i o n  r e a c t o r  



m a t e r i a l s :  niobium, l i t h i u m ,  b e r y l l i u m ,  
hel ium, deuterium, and t r i t i u m .  These 
requi rements are summarized i n  Table 11. 

The e v a l u a t i o n  o f  t h e  impact o f  supp ly ing  
t h e  m a t e r i a l s  i n  Table 11 t o  t h e  f u s i o n  f u e l  
c y c l e  and t h e  assessment o f  t h e  adequacy o f  
t h e  presence o f  planned environmental c o n t r o l  
technology f o r  reduc ing  t h e  associated e f f l u -  
ents  have been performed. The resource p ro-  
d u c t i o n  f a c i l i t i e s  operate under e x i s t i n g  

s tandards f o r  l i q u i d ,  s o l i d ,  and a i r b o r n e  
e f f l u e n t  re leases.  The major e f f l u e n t s  o f  
any s i g n i f i c a n c e  a re  a i r b o r n e  e f f l u e n t s .  An 
es t imate  o f  t h e  e f f l u e n t  concen t ra t ions  c o r -  
responding t o  annual f u s i o n  power p l a n t  r e -  
quirements are shown i n  Table 12. When com- 
pared t o  t h e  maximum ambient a i r  concentra-  
t i o n  l e v e l s  a l lowed under c u r r e n t  r e g u l a t i o n s  
o r  recommendations as shown i n  Table 13, t h e  
p resen t  o r  planned ECT appears t o  be 
adequate. 

TABLE 11. Fusion Material Balance 

Design Opt ion 1 Design Option 2 

lnventory 
Material (MT/1000 MWe) 

Nb 45 

Li 730 

Be 0 

He 50 

(kg/1000 MWe)  

D 8 

T % I 6  

Replacement 
IMT/1000 MWe-vrl 

lnventory 
(MT/1000 MWe) 

Replacement 
(MT/1000 M W e  vr) 

45 

500 

235 

60 

(kg/1000 MWe) 

4.8 

% I 0  

TABLE 12. Effluent Concentrations Corresponding 
to  Annual Fusion Requirements 

Effluent 

LiAISizO6 dust 
LizC03 dust 
LizNaPO4 dust 
Particulates 
C02 
SO2 

Nb dust 
HF 
NH3 
Be ore dust 
B ~ ( O H ) Z  dust 
D 
H2S 
NOx 
T (gaseous) 

(water) 

Air Concentration 

(ug/m3) 

2 10-5 
2 x 10-5 
3 x 10-6 
0.18 
0.1 3 
1 x 10-5(a) 
1.3 x 1 0 - ~ ( ~ )  
6.3 x 
1.2 x 10-3 
2.6 x 
4.1 x lo -=  
5.6 x 
3.0 x 10-6 
<< 10-5 
4.4 x 10-3 
<<lo-lo pCi/cm3 
<<lo-6 pCi/cm3 

TABLE 13. M a x i m ~ ~ m  Ambient Environmental (Air) 
Concentrations Allowed Under Current 
~egulations(a) 

Li(Li H) 
Nb 
Be 
T 
D 
Particulates 
SO2 
C02 
N Ox 
HF 
NH3 
H2S 

25 ~ ~ r / m ~ ( ~ )  
.05 mg/m3 
.O1 1.1g/m3 
4 x 10-5 uCi/m9. 
No standard 
75 ugr/m3(c) 
80 ~ ~ r / r n 3 ( ~ )  
9000 mg/m3 
100 ilgr/m3(c) 

3 PPm 
18 mg/m3 
15 mg/m3 

( a ) ~ n n u a l  average 
(b)~ight-hour,  time-weighted average, occupational 

number only 
(C)~articulates, S02, and NOx standards vary according 

t o  state or region 

( a ) ~ i  production 
(~)D,o production 



Transportation Safety Studies 

I n  order t o  ensure adequate protect ion o f  man and the  environment in  t he  transportation o i  energy 
materials, i t  is neceessary t o  understand the safety and potential environmental effects o f  the shipments o f  
energy materials, bo th  i n  normal  transport and under  accident conditions. The objective o f  theTranspor- 
tat ion Safety Studies Project i s  t o  assess these potential effects i n  terms o f  risk. The initial objective o f  this 
program was t o  develop and use a model  t o  assess the  risk associated w i th  the  shipment o f  radioactive 
materials, a l though the  scope o f  t he  program has since been expanded t o  inc lude transport o f  non-  
nuclear energy-related materials. The technique o f  risk analysis was chosen for assessing the  safety o f  
transport ing energy materials. Risk is def ined as the  probabil i ty that an undesirable event wi l l  occur, 
mul t ip l ied by the typeand  degreeof consequence. Final reports were published this fiscal year o n  the  risk 
o f  shipping gasoline by truck, the  risk o f  shipping spent fuel by truck, and a conceptual design o f  a rail cask 
for  shipping sol idif ied high-level wastes. Studies were also conducted o n  the  risk o f  transport ing spent 
fuel  by train, t h e  risk o f  shipping chlor ine by train, t he  risk o f  shipping propane by t ruck and train, 
documentat ion o f  theTransportation Risk Evaluation Code  (TRECII), and the  risk o f  shipping uranium o re  
concentrates by truck. Studies were also undertaken t o  assess the  risk o f  shipping Department o f  Energy 
transuranic wastes, t o  assess t h e  risk o f  shipping low-level reactor wastes, and t o  characterize the  
transportation requirements for  the  nuclear fuel  cycle. 

Safety Aspects o f  Transport ing P o t e n t i a l l y  
Hazardous Energy Mater ia ls  

R. E. Rhoads, W. B. Andrews, H. K. Elder, 
C. A. Geffen-Fowler, A. L. Frankl in,  
J. Greenborg, J. M. Olyear 

Work was conducted on eleven t rans-  
p o r t a t i o n  sa fe ty  studies dur ing FY 1979: 
(1 )  the  r i s k  of t ranspor t ing  gasol ine by 
t ruck,  ( 2 )  the  r i s k  o f  shipping spent f u e l  
by t ruck,  ( 3 )  the r i s k  o f  shipping spent 
f u e l  by t ra in ,  (4 )  the r i s k  o f  shipping pro- 
pane by t ruck  and t ra in ,  ( 5 )  the r i s k  o f  
t ranspor t ing  ch lo r i ne  by t ra in ,  (6)  a con- 
ceptual design o f  a shipping container f o r  
t ranspor t ing  h igh- leve l  waste by r a i l ,  
( 7 )  documentation o f  the  Transportat ion Risk 
Evaluat ion Code (TRECII), (8 )  the  r i s k  o f  
shipping uranium ore concentrates, (9)  the  
r i s k  o f  t ranspor t ing  low- level  reac tor  
wastes, (10) the r i s k  o f  t ranspor t ing  De- 
partment o f  Energy transuran i c  wastes, and 
(11) charac ter iza t ion  o f  the t ransporta-  
t i o n  systems i n  the  nuclear f u e l  cycle. A 
b r i e f  summary o f  each analysis fo l lows.  

An Assessment o f  the  Risk o f  Transpor t ing  
Gasoline by Truck 

R. E. Rhoads 

The peer review o f  the  d r a f t  r epo r t  was 
completed, necessary rev is ions  were made, 
and the f i n a l  r epo r t  was published. The 
analysis pred ic ted t h a t  about 28 f a t a l i t i e s  
per year would r e s u l t  from gasol ine tank 
t ruck  shipments i n  the mid-1980s. This r i s k  
l eve l  was found t o  be lower than many other 
r i s k s  i n  soc ie t y  from man-caused and natura l  
events. This analysis used the de ta i l ed  
f a u l t - t r e e  analysis methodology employed i n  
previous studies i n  t h i s  pro jec t .  The 
r e s u l t s  were i n  agreement w i t h  ava i lab le  
h i s t o r i c a l  data. 

An Assessment o f  the  Risk o f  Shipping 
Spent Fuel by Truck 

H. K. Elder 

Peer review o f  t he  d r a f t  r epo r t  was com- 
p le ted and the  f i n a l  r epo r t  was published. 



The r i s k  t o  t h e  p u b l i c  i n  t h e  mid-1980s f rom 
spent f u e l  shipments was found t o  b e  much 
lower  than  r i s k  f rom many o ther  man-caused 
o r  n a t u r a l  events. 

An Assessment o f  t h e  R i s k  o f  S h i p p i n g  
Spent Fue l  b y  T r a i n  

H. K. E l d e r  

The ana lys is  o f  t h e  r i s k  f rom t r a i n  s h i p-  
ments o f  spent f u e l  i n  t h e  mid-1980s was 
completed. The r e s u l t s  showed t h a t  t h e  
r i s k s  f rom t r a i n  shipments o f  spent f u e l  
were comparable t o  t h e  r i s k s  f rom t r u c k  
shipments, a l though l a r g e r  consequences are 
p o s s i b l e  because o f  t h e  l a r g e r  spent f u e l  
i n v e n t o r i e s  i n  t h e  t r a i n  cask. 

An Assessment o f  t h e  R isk  o f  S h i p p i n g  
Propane b y  Truck and T r a i n  

C. A. Geffen-Fowler 

The ana lys is  o f  t h e  r i s k  o f  t r a n s p o r t i n g  
propane b y  t r u c k  and t r a i n  was completed. 
The a n a l y s i s  p r e d i c t e d  about n i n e  f a t a l i t i e s  
p e r  year  f rom propane shipments i n  t h e  mid- 
1980s. T h i s  r i s k  l e v e l  was found t o  be less  
than  t h e  r i s k s  f rom many o t h e r  man-caused 
and n a t u r a l  events. 

An Assessment o f  t h e  R i s k  o f  T r a n s p o r t i n g  
C h l o r i n e  b y  T r a i n  

W. B. Andrews 

The a n a l y s i s  o f  t h e  r i s k  o f  sh ipp ing  
c h l o r i n e  b y  t r a i n  was completed. The analy-  
s i s  p r e d i c t e d  t h a t  about e leven f a t a l i t i e s  
p e r  year  would occur  f rom c h l o r i n e  r a i l  
shipments i n  t h e  mid-1980s. 

Conceptual Design o f  a  Shipping Conta iner  
f o r  T r a n s p o r t i n g  S o l i d i f i e d  High-Level 
Waste b y  R a i l  

R. E. Rhoads 

Reviews o f  t h e  d r a f t  r e p o r t  were completed 
and t h e  f i n a l  r e p o r t  was pub l i shed  i n  Decem- 
ber  as PNL-2244 (Peterson and Rhoads 1978). 

Documentation o f  t h e  T r a n s p o r t a t i o n  R i s k  
E v a l u a t i o n  Code (TRECII) 

A. L. F r a n k l i n  

M o d i f i c a t i o n s  were made t o  t h e  Transpor-  
t a t i o n  R isk  E v a l u a t i o n  Code (TRECII) t o  im- 
prove  user  i n t e r f a c e s  and runn ing  e f f i c i e n c y  
and t o  make t h e  code compat ib le  w i t h  new 
computing equipment a t  Hanford. The code i s  

used t o  per fo rm consequence e v a l u a t i o n s  and 
f i n a l  r i s k  c a l c u l a t i o n s  f o r  r i s k  assessments 
o f  r a d i o a c t i v e  m a t e r i a l  t r a n s p o r t a t i o n  
systems. 

An Assessment o f  t h e  R i s k  o f  T r a n s p o r t i n g  
Uranium Ore Concentrates 

C. A. Geffen-Fowler 

An assessment o f  t h e  r i s k  o f  t r a n s p o r t i n g  
uranium o r e  concentrates was completed. 
Th is  ana lys is  used a  l e s s  d e t a i l e d  r i s k  
assessment methodology, p e r m i t t i n g  overview- 
t y p e  r i s k  s t u d i e s  t o  be performed i n  less  
t i m e  than  our  p r e v i o u s  methodology requ i red .  

An Assessment o f  t h e  R i s k  o f  T r a n s p o r t i n g  
Low-Level Reactor  Wastes 

J. Greenborg 

The ana lys is  o f  t h e  r i s k  o f  t r a n s p o r t i n g  
l o w- l e v e l  r e a c t o r  wastes was completed. 
Th is  a n a l y s i s  a l s o  used t h e  r e v i s e d  t r a n s -  
p o r t a t i o n  r i s k  assessment methodology. 

An Assessment o f  t h e  R i s k  o f  T r a n s p o r t i n g  
DOE Transuran ic  Wastes 

W. 6. Andrews 

The a n a l y s i s  o f  t h e  r i s k  o f  t r a n s p o r t i n g  
contact- handled DOE t r a n s u r a n i c  wastes was 
completed. The a n a l y s i s  was based on t r a n -  
s p o r t a t i o n  u s i n g  e x i s t i n g  s h i p p i n g  systems. 

C h a r a c t e r i z a t i o n  o f  Nuclear  Fuel  Cyc le 
T r a n s p o r t a t i o n  Systems 

J. M. Olyear  

Th is  task developed b a s i c  system descr ip-  
t i o n  i n f o r m a t i o n  needed t o  per fo rm r i s k  as- 
sessments o f  nuc lear  f u e l  c y c l e  t r a n s p o r t a-  
t i o n  systems. 

Plans f o r  Next P e r i o d  

A l l  tasks  c u r r e n t l y  i n  progress w i l l  be 
completed, and f i n a l  r e p o r t s  o f  t h e  r e s u l t s  
o f  research i n  these tasks  w i l l  b e  publ ished.  
Th is  w i l l  complete research i n  t h i s  p r o j e c t .  

REFERENCE 

Peterson, P. L., and R. E. Rhoads. 1978. 
Conceptual Design o f  a  Sh ipp ing  Conta iner  
f o r  T r a n s p o r t i n g  High-Level Waste b y  R a i l -  
road. PNL-2244, P a c i f i c  Northwest Labora-  
t o r y ,  Richland, Washington. 



Assessment of Environmental Control Technologies for Koppers-Totzek, Texaco, 
and Winkler Coal Gasification Systems 

Commercia l  coal conversion processes employing Koppers-Totzek (K-T), Texaco, and Winkler  gasifiers 
were reviewed t o  determine the  availability o f  environmental contro l  technologies fo r  meet ing current  
release standards. Informat ion o n  material and energy flows i n  the  conversion processes was obtained 
f r o m  manufacturers o f  the  gasifiers and f rom the literature. Technologies for  contro l  o f  releases t o  air, 
land, and water are commercial ly available and are adequate for meet ing current environmental release 
standards. The behavior o f  trace elements i n  t he  coal feed has no t  been adequately characterized. A final 
report  has been completed that defines areas where  improvements o f  technology wou ld  benefit  t he  
conversion processes. Construction o f  a demonstration plant employing these technologies for  ammonia 
product ion is recommended. 

Data Search on Gas i f i e r s  t o  Generate 
Synthesis Gases 

L. K. Mudge, L. J. Sealock 

Data on mater ia l  and energy f lows i n  com- 
mercia l  p lan ts  t h a t  use Winkler, Texaco, or 
Koppers-Totzek (K-T) g a s i f i e r s  t o  generate 
synthesis gas were obtained by contact ing 
manufacturers o f  these g a s i f i e r s  and by 
searching the l i t e r a t u r e .  The ob jec t ives  o f  
the study were (1) t o  determine if environ- 
mental con t ro l  technologies i n  commercial 
use are adequate r e l a t i v e  t o  e x i s t i n g  and 
proposed standards, ( 2 )  t o  i d e n t i f y  areas 
where improved cont ro l  technologies are 

needed, and ( 3 )  t o  rank research and devel- 
opment programs i n  terms o f  t h e i r  p o t e n t i a l  
bene f i t .  

The p r o j e c t  i s  now completed and i s  
ava i l  able (Mudge and Sealock 1979). 
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OPERATIONAL A N D  ENVIRONMENTAL 
COMPLIANCE 

Guidelines for Radiation Exposure-ALARA 

Environmental, Safety, and Health Standards 
for Geothermal Energy 

Personnel Dosimetry Calibrations 

DOE Decommissioning Criteria 

Analysis of Criticality Safety 

Handbooks on Effluent and Environmental Monitoring 

Health Physics Lead Laboratory 

The responsibility of the Department of Energy (DOE) Office of Operational 
and Environmental Compliance i s  to assure that DOE-controlled activities are con- 
ducted in a manner that will minimize risks to the public and employees and will 
provide protection for property and the environment. The program supports the var- 
ious energy technologies by identifying and resolving safety problems; developing 
and issuing safety policies, standards, and criteria; assuring compliance with DOE, 
federal, and state safety regulations; and establishing procedures for reporting and 
investigating accidents in DOE operations. 

The Pacific Northwest Laboratory Operational and Environmental Compliance 
Program contributes to these objectives through projects in the nuclear and nonnu- 
clear areas. Nonnuclear research and development is assuming growing significance 
and in the future will constitute a major portion of the program. During 1979 the 
major emphasis was on developing criteria, instruments, and methods to assure that 
radiation exposure to occupational personnel and to people in the environs of 
nuclear-related facilities i s  maintained at the lowest level technically and economi- 
cally practicable. 



Guidelines for Radiation Exposure - ALARA 

A three-phase p r o j e c t  was p l a n n e d  t o  assist t h e  nuc lear  indus t ry  i n  ensur ing  tha t  rad ia t ion  doses t o  
personne l  shall b e  ma in ta ined  "as l o w  as reasonably achievable (ALARA)." Phase o n e  ( iden t i f i ca t ion  a n d  
character izat ion o f  rad iat ion exposure activit ies) was c o m p l e t e d  i n  FY 1977. FY 1978focused o n  t h e  second 
phase o f  t h e  project,  a pub l i shed  summary  o f  ALARA efforts at Depar tment  o f  Energy (DOE) facil it ies. T h e  
t h i r d  a n d  f ina l  phase o f  this p r o j e c t  was c o m p l e t e d  d u r i n g  FY 1979, t h e  p repara t ion  a n d  pub l i ca t ion  o f  a 
comprehens ive  d o c u m e n t  en t i t l ed  Guidel ines f o r  Reduc ing  Radiat ion Exposures t o &  o w A s & e a s o n -  
ab ly  - Ach ievab le  (ALARA), su i tab le f o r  d i rec t  appl icat ion b y  D O E  contractors  a n d  o t h e r  indust r ia l  users o f  
rad ioact iv i ty  and  radiat ion genera t ing  machines. T h e  d o c u m e n t  prov ides d i rec t  gu idance  i n  p r o g r a m  
d e v e l o p m e n t  a n d  management, rad io log ica l  eng ineer ing  a n d  operat ions, a n d  p r o g r a m  evaluat ion. 

R. L. Kathren, J .  M. Selby 

The o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  p ro-  
v i d e  comprehensive g u i d e l i n e s  a p p l i c a h l e  t o  
m a i n t a i n i n g  r a d i a t i o n  exposures a t  Depar t-  
ment o f  Energy (DOE) c o n t r a c t o r  f a c i  1 i t i e s  
as low as reasonably  achievable (ALARA). 
The f i r s t  phase o f  t h e  study, completed i n  
FY 1977, i d e n t i f i e d  and c h a r a c t e r i z e d  r a d i -  
a t i o n  exposure a c t i v i t i e s  a t  DOE s i t e s .  
Phase two, c a r r i e d  ou t  i n  FY 1978, was a 
pub l i shed  sumnary o f  ALARA a c t i v i t i e s  a t  t h e  
s i t e s .  The f i n a l  phase o f  t h e  p r o j e c t  was 
p r e p a r a t i o n  and pub1 i c a t i o n  o f  comprehensive 
g u i d e l i n e s  s u i t a b l e  f o r  use by  DOE manage- 
ment and f i e l d  personnel,  as w e l l  as con- 
t r a c t o r  management and h e a l t h  phys ics  
personnel .  

The g u i d e l i n e s  a re  presented i n  t h e  form 
o f  recomnendations f o l l o w i n g  an u n d e r l y i n g  
d iscuss ion  o f  r i s k ,  cost,  and b e n e f i t  i n  
which genera l  g u i d e l i n e s  f o r  o p t i m i z i n g  
r a d i a t i o n  exposures us ing  cost-benef  i t  are  
given. For  p lann ing  purposes, a minimum 
va lue  o f  $2000 per  cumulat ive dose-equiva lent  
i s  g iven  as t h e  l e v e l  o r  cos t  below which 
r a d i a t i o n  p r o t e c t i o n  measures a re  always 
ALARA. Appropr ia te  o r g a n i z a t i o n a l  s t r u c t u r e s  
a re  suggested, and t h e  need f o r  commitment 
i s  s t ressed  i n  t h e  s e c t i o n  on management and 

o rgan iza t ion .  To f a c i l i t a t e  communication, 
and t o  f u r t h e r  t h e  achievement o f  personnel  
exposure goals, an ALARA c o o r d i n a t o r  o r  
committee may be necessary. 

Gu ide l ines  are a l s o  o f f e r e d  f o r  educat ion 
and t r a i n i n g  o f  b o t h  p r o f e s s i o n a l  and tech-  
n i c a l  personnel  t o  meet t h e  goals  o f  ALARA. 
Technica l  s e c t i o n s  o f  t h e  document i n c l u d e  
r a d i o l o g i c a l  design, measurement o f  r a d i a t i o n  
i n  the  f i e l d ,  o p e r a t i o n a l  h e a l t h  phys ics,  
and envi ronmenta l  p r o t e c t i o n .  For  design, 
c r i t e r i a  o ther  than  monetary (e.g. d o l l a r s  
per  man-reni) a re  presented t o  a s s i s t  des ign 
personnel i n  ach iev ing  maximum dose reduc-  
t i o n s  w i t h  minimum cost .  Recommended i n s t r u -  
ment s p e c i f i c a t i o n s  are g iven  a long w i t h  an 
o p e r a t i o n a l  h e a l t h  phys ics c h e c k l i s t  t o  
enable f i e l d  personnel t o  r a p i d l y  eva lua te  
whether a p a r t i c u l a r  task has been adequate ly  
considered f rom a b a s i c  r a d i a t i o n - p r o t e c t i o n  
s tandpo in t .  The document a lso  p rov ides  t h e  
a p p l i c a t i o n  o f  ALARA g u i d e l i n e s  t o  emergency 
preparedness and p lanning.  F i n a l l y ,  t h e  
document can be used t o  eva lua te  r a d i o l o g i c a l  
p r o t e c t i o n  programs, i n c l u d i n g  t h e  s e t t i n g  
o f  ALARA goals, and i t  g ives  17 s p e c i f i c  
measures o f  ALARA and discusses t h e  app l i ca-  
t i o n s  and l i m i t a t i o n s  o f  each. Whi le  most 
o f  t h e  program e v a l u a t i o n  measures are based 
on dose-equiva lent ,  new concepts, such as 
t h e  p h y s i c a l  area o f  r a d i a t i o n  and contami-  
n a t i o n  zones and r a d i a t i o n  concen t ra t ion -  
volume product ,  a re  developed as means o f  
determin ing progress toward ALARA goals .  



Environmental, Safety, and Health Standards for Geothermal Energy 

Envi ronmenta l ,  Safety, a n d  H e a l t h  (ES&H) Standards have b e e n  i d e n t i f i e d  a n d  evaluated f o r  t h e i r  
po ten t ia l  app l i ca t ion  t o  geo therma l  energy  deve lopment .  For this evaluat ion, t h e  ES&H p r o b l e m  areas 
w e r e  subd iv ided  i n t o  14 top ics:  a i r b o r n e  emissions, l i q u i d  waste disposal a n d  wate r  po l lu t ion,  b l o w -  
o u t / h o t  wa te r  a n d  steam releases, subsidence a n d  i n d u c e d  seismicity, noise, heat  stress, sampl ing a n d  
analyses, fa l l i ng  hazards, e lect r ica l  hazards, heavy e q u i p m e n t  operat ions, soi l  effects a n d  land-use 
planning, f i re  hazards, construct ion, a n d  hazardous substances. 

J. B. Mar t in ,  A. B r a n d s t e t t e r ,  
F. L. Thompson, R. A. Wal ter ,  
W. R. McSpadden, D. G. Q u i l i c i ,  
T. N. Bishop, D. C. Christensen, 
N. E. Maguire, R. G. Anderson, 
A. E. Desros iers ,  B. D. Robertson, 
P. A. Wr igh t  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  
i d e n t i f y  and assess e x i s t i n g  environmental,  
sa fe ty ,  and h e a l t h  (ES&H) s tandards t h a t  may 
be a p p l i c a b l e  t o  geothermal energy develop- 
ment. The standards were i d e n t i f i e d  by r e -  
v iew ing  a p p l i c a b l e  Environmental P r o t e c t i o n  
Aqency documents and t h e  Nat iona l  Bureau of 
s tandards pub1 i c a t i o n ,  Index o f  U. S. Volun- 
t a r y  Enqineer ing Standards. 

These standards were assessed a f t e r  a  
comprehensive e v a l u a t i o n  o f  ES&H problems 
t h a t  have been encountered by  t h e  geothermal 
i n d u s t r y .  I n  most cases, recommendations 
were made t h a t  e i t h e r  e x i s t i n g  s tandards o r  
m o d i f i e d  standards should be a p p l i e d  t o  
s o l v e  these problems. For  s p e c i a l i z e d  areas 
i n  which standards were found t o  be non- 
e x i s t e n t  o r  inappropr ia te ,  resezrch  was 
recomnended t o  p r o v i d e  a s u i t a b l e  data base 
f o r  t h e  development o f  ES&H standards. 

The problem areas have been subd iv ided  
i n t o  1 4 ' t o p i c s ,  as shown i n  Table 1. Each 
r e p o r t  i nc ludes  a d e t a i l e d  d iscuss ion  o f  
problems, an e v a l u a t i o n  o f  t h e  need f o r  
standards, an e v a l u a t i o n  o f  t h e  e x i s t i n g  
standards, and recormlendations f o r  a p p l i -  
c a t i o n  o f  t h e  standards. Repor t  Nos. 1, 2, 
3, 4, 5, 6, and 11 were completed d u r i n g  
FY 1978 and were sumnarized i n  l a s t  y e a r ' s  
annual r e p o r t .  A b r i e f  sumnary o f  t h e  
rema in ing  r e p o r t s  f o l l o w s .  

TABLE 1. Reports on EH&S Standards for 
Geothermal Energy 

Report 
No. Title 

Airborne Emissions 
Liquid Waste Disposal and 

Water Pollution 
Rlowouts/Hot Water and Steam 

Releases 
Subsidence and lnd~uced Seismicity 
Noise 
Heat Stress 
Sampling and Analyses 
Falling Hazards ' 

Electrical Hazards 
Heavy Equipment Operation 
Soil Effects and Land-Use Planning 
Fire Hazards 
Construction 
Hazardous Substances 

( a ' ~  = Environmental topics 
0 = Occupational safety and health topics 

Report 7 - Sampling and Analyses 

Several o f  t h e  r e p o r t s  i n  t h i s  s e r i e s  
deal w i t h  env i ronmenta l  and occupa t iona l  
h e a l t h  hazards t h a t  r e q u i r e  sampling and 
a n a l y s i s  f o r  t h e i r  assessment. Since t h i s  
was noted a t  t h e  ou tse t ,  i t  was decided t o  
separate t h e  sampling and analyses aspects 
o f  a l l  t h e  t o p i c s  l i s t e d  i n  Table 1 and 
summarize them i n  a s i n g l e  r e p o r t .  The 
r e p o r t  i s  d i v i d e d  i n t o  two major  sec t ions  



(env i ronmenta l  and occupa t iona l  h e a l t h )  
which i d e n t i f y  t h e  elemental,  chemical, and 
p h y s i c a l  parameters o f  concern i n  t . q i c a l  
f l u i d s  and gases a t  a  geothermal s i t e .  Each 
s e c t i o n  d iscusses t h e  r a t i o n a l e  f o r  sampling 
and analyses and develops a methodology f o r  
de te rmin ing  a p p r o p r i a t e  measurements, sens i-  
t i v i t i e s ,  f requencies,  and procedures. 

E x i s t i n g  s tandards f o r  ana lys is  o f  f l u i d s  
and gases were found t o  be adequate f o r  t h e  
most p a r t .  However, s tandard sampling meth- 
ods were no t  considered adequate f o r  some o f  
t h e  unique sampling s i t u a t i o n s  encountered 
i n  t h e  geothermal i n d u s t r y ,  such as down- 
h o l e  o r  wel l- head sampling a t  e leva ted  tem- 
pera tu res  and pressures. Some o f  these 
unresolved problems a re  be ing  addressed by 
another P a c i f i c  Northwest Labora to ry  s tudy  
f o r  t h e  Department o f  Energy (Watson 1978). 

Repor t  8 - Fa1 l i n g  Hazards 

C l imb ing  and f a l l i n g  hazards are g iven  
s p e c i a l  c o n s i d e r a t i o n  i n  t h i s  s e r i e s  because 
t h e y  are t h e  second l a r g e s t  ca tegory  o f  com- 
pensa t ion  cases i n  i n d u s t r y .  Every phase o f  
geothermal energy development w i l l  i n c l u d e  
some types  o f  c l i m b i n g  taslts and f a l l i n g  
hazards t h a t  cou ld  d i s a b l e  o r  k i l l  person-  
nel .  Th is  r e p o r t  considered f a l l s  f rom 
he igh ts ,  a t  ground l e v e l ,  and below ground 
l e v e l  and f a l l i n g  o b j e c t s  t h a t  may occur  
d u r i n g  d r i l l i n g ,  c o n s t r u c t i o n ,  and power 
p l a n t  o p e r a t i o n  and maintenance. 

E x i s t i n g  s tandards were found t o  be w e l l  
e s t a b l i s h e d  and adequate f o r  most geothermal 
opera t ions .  The remain ing problem i s  t h e  
need f o r  d i  1  i g e n t  a p p l i c a t i o n  and enforce-  
ment o f  these s t?ndards.  The geothermal 
i n d u s t r y  can b e n e f i t  f rom t h e  exper ience and 
i n f o r m a t i o n  gained f rom o ther  i n d u s t r i e s ;  
however, t h i s  i s  a  new i n d u s t r y  and some 
unique f a 1  1 i ng hazards may r e q u i r e  develop-  
ment o f  s p e c i a l  p r o t e c t i v e  equipment o r  
s a f e t y  standards. For  example, we recom- 
mended t h a t  a  s tandard f o r  d r i l l  r i g s  be 
m o d i f i e d  t o  p r o v i d e  f o r  work ing a t  h e i g h t s  
d u r i n g  windy cond i t i ons .  

Repor t  9  - E l e c t r i c a l  Hazards 

The f requency o f  e l e c t r i c a l  acc idents i s  
n o t  p a r t i c u l a r l y  high, b u t  t h e y  a re  o f t e n  
v e r y  severe. S ince t h e  major o b j e c t i v e  o f  
t h e  geothermal i n d u s t r y  i s  t o  generate e lec-  
t r i c i t y ,  t h e  p o t e n t i a l  f o r  e l e c t r i c a l  a c c i -  
dents i s  s i g n i f i c a n t .  C o n s t r u c t i o n  opera- 
t i o n s  are perhaps t h e  most hazardous f o r  
personnel,  equipment damage, and f i r e  
p o t e n t  i a1 . 

E l e c t r i c a l  s a f e t y  s tandards a re  w e l l  es- 
t a b l i s h e d  and comprehensive. No d e f i c i e n c i e s  
were i d e n t i f i e d  i n  t h e  e x i s t i n g  body o f  s tan-  
dards. Recommendations were made t h a t  e x i s -  
t i n g  s tandards be a p p l i e d  t o  t h e  geothermal 
i n d u s t r y  w i t h  a s t r o n g  implementat ion and 
enforcement program. 

Report 10 - Heavy Equipment Operat ions 

Ser ious acc iden ts  i n v o l v i n g  heavy equip-  
ment cou ld  occur  d u r i n g  a l l  phases o f  geo- 
thermal development. T h i s  r e p o r t  concluded 
t h a t  p resen t  s tandards a re  adequate i f  sup- 
plemented w i t h  sa fe  p r a c t i c e  guides. How- 
ever, un less t h e  s tandards a re  a p p l i e d  by 
management t o  s t r i c t l y  en fo rce  s a f e  p r a c t i c e s  
and adequate equipment maintenance, t h e  ac- 
c i d e n t  f requency and s e v e r i t y  w i l l  p robab ly  
be no b e t t e r  than t h e  c u r r e n t  acc iden t  ex- 
per ience  i n  t h e  c o n s t r u c t i o n  and o i l  d r i l l i n g  
i n d u s t r i e s .  

Report 12 - F i r e  Hazards 

The d r i l l i n g  and c o n s t r u c t i o n  phases o f  
geothermal development i n v o l v e  numerous 
flammable m a t e r i a l s  and sources o f  i g n i t i o n .  
These hazards a re  g e n e r a l l y  w e l l  recognized 
and c o n t r o l l e d  by e x i s t i n g  standards. Most 
codes and standards a re  d i r e c t e d  toward t h e  
p r o t e c t i o n  o f  p r o p e r t y  r a t h e r  than  l i f e .  
However, these p r i n c i p l e s  a re  e f f e c t i v e  i n  
p r o t e c t i n g  personnel  s i n c e  e a r l y  d e t e c t i o n  
and suppression o f  f i r e s  reduce o v e r a l l  r i s k .  
No d e f i c i e n c i e s  were found i n  t h e  e x i s t i n g  
body o f  f i r e  codes and standards. 

Repor t  13 - C o n s t r u c t i o n  

Th is  r e p o r t  was designed t o  i n c l u d e  a l l  
o ther  occupa t iona l  h e a l t h  aspects o f  con- 
s t r u c t i o n  t h a t  were no t  d iscussed i n  Repor t  
Nos. 1, 3, 5, 6, 7, 8, 9, 10, 12, and 14. 
Report No. 13 cons iders  we ld ing  and c u t t i n g ,  
hand t o o l s ,  power t o o l s ,  and m a t e r i a l  hand- 
l i n g  equipment. I t  a l s o  d iscusses personal  
p r o t e c t i v e  equipment, s a n i t a t i o n ,  warning 
s igns  and bar r i cades ,  i l l u m i n a t i o n ,  f i r s t -  
a id ,  employee s e l e c t i o n ,  t r a i n i n g ,  and 
s a f e t y  management. E x i s t i n g  s tandards f o r  
these t o p i c s  were eva lua ted  and found t o  be 
genera l1 y  adequate f o r  a p p l i c a t i o n  t o  t h e  
geothermal i n d u s t r y .  The major need i s  f o r  
a  dedicated s a f e t y  management program t o  
imp1 ement and en fo rce  t h e  standards. 

Repor t  14 - Hazardous Substances 

A l a r g e  number o f  substances used and 
generated i n  developing geothermal resources 
are p o t e n t i a l  occupa t iona l  h e a l t h  and s a f e t y  



hazards. These hazards a re  increased by  t h e  
h i g h  temperatures o f  geothermal and d r i l l i n g  
f l u i d s .  One major  problem i s  t h e  hazard o f  
p o t e n t i a l  s k i n  c o n t a c t  and i n h a l a t i o n  d u r i n g  
h a n d l i n g  o f  l a r g e  q u a n t i t i e s  o f  m a t e r i a l s ,  
i n c l u d i n g  h i g h l y  t o x i c  cheniicals, i n  d r i l -  
l i ng and geothermal f l u  i d  t rea tment  opera- 
t i o n s .  Another major  problem i s  t h e  hazard 
o f  exposure d u r i n g  hand l ing  and d isposa l  o f  
l a r g e  amounts o f  chemical waste f rom'geo-  
thermal  operat ions.  A d d i t i o n a l  p o s s i b i l i -  
t i e s  f o r  exposures occur  i n  more conven- 
t i o n a l  c o n s t r u c t i o n  and maintenance 
operat ions,  such as welding, sandblast ing,  
and i n s u l a t i n g  opera t ions .  

Based on a rev iew o f  t h e  chemicals and 
t h e i r  sources, t h e  p o t e n t i a l  hazards f rom 
occupa t iona l  s k i n  exposure, i nges t ion ,  and 
i n h a l a t i o n  were est imated, and t h e  appl i- 
cab le  standards and guides were i d e n t i f i e d .  
Th is  s tudy  concluded t h a t  Occupat ional  

S a f e t y  and H e a l t h  A d m i n i s t r a t i o n  (OSHA) 
s tandards a re  no t  comp le te ly  adequate f o r  
t h e  c o n t r o l  o f  these p o t e n t i a l  hazards and 
recommended supplementing OSHA standards 
w i t h  e x i s t i n g  s tandards and guides t o  p re-  
vent  excess ive exposures. 

A l though genera l  i n f o r m a t i o n  i s  a v a i l a b l e  
on many hazardous substances generated o r  
used i n  t h e  geothermal indus t ry ,  data on t h e  
a c t u a l  exposures o f  workers have n o t  been 
publ ished.  Eva lua t ions  o f  employee exposures 
d u r i n g  geothermal development should be con- 
ducted t o  determine c o n t r o l  requirements. 
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Personnel Dosimetry Calibrations 

A data base of technical information will be developed for evaluating the calibration, design, and 
performance of dosimeters used at Department of Energy (DOE) facilities. A technical document will be 
prepared to provide guidance to DOE and DOE contractors in establishing personnel dosimetry calibra- 
tion procedures. The American National Standards Institute, Inc. (ANSI 1978) will be used as a guide in 
establishing appropriate dosimeter calibration procedures. 

Technica l  Gu ide l ines  f o r  Personnel Dosimetry  and w i l l  be f o l l o w e d  i n  FY 1981 by Phase 
C a l i b r a t i o n s  111, Prepara t ion  o f  a  C a l i b r a t i o n  Manual. 

W. T. B a r t l e t t ,  C. D. Hooker, J. W. Courtney, 
R. A. Fox, R. T. Hogan, J .  P. Hol land, 
R. C. Yoder, J. M. Selby 

The o b j e c t i v e s  o f  t h e  p r o j e c t  are t o  im- 
prove  dosimeter c a l i b r a t i o n  methodologies, 
t o  eva lua te  t h e  performance o f  dosimeters 
used by a l l  Department o f  Energy (DOE) 
c o n t r a c t o r s ,  and t o  p u b l i s h  a  guide f o r  
per fo rming  dosimeter c a l i b r a t i o n s .  The 
r a d i a t i o n  c a l i b r a t i o n  techniques w i l l  be 
m o d i f i e d  t o  conform w i t h  t h e  ANSI N13.11 
standard. These new techniques w i l l  i n c o r-  
p o r a t e  severa l  concepts t h a t  have n o t  been 
used r o u t i n e l y  i n  c a l i b r a t i o n s  labora-  
t o r i e s .  F i r s t ,  a  Dose Equ iva len t  Index 
(DEI) must be assigned t o  each i r r a d i a t e d  
dosimeter;  the re fo re ,  t h e  i r r a d i a t i o n  p ro-  
cedure must p rov ide  f o r  measurement o f  a l l  
t h e  v a r i a b l e s  necessary f o r  a  dose assign-  
ment rem. I n  t h e  past ,  o n l y  assignment o f  
exposure i n  roentgens was requ i red .  Second, 
dosimeters must be backed by a  t i s s u e  equi-  
v a l e n t  (T. E. ) m a t e r i a l  r a t h e r  than  exposed 
i n  a i r .  T.E. m a t e r i a l  back ing o f  dosimeters 
more c l o s e l y  s imu la tes  t h e  a c t u a l  c o n d i t i o n s  
o f  occupa t iona l  r a d i a t i o n  exposures. F i n a l  - 
l y ,  t h e  DEI assignment must be accurate t o  
w i t h i n  5%, and c e r t a i n  sources and i n s t r u -  
ments must be c a l i b r a t e d  by t h e  Nat iona l  
Bureau o f  Standards. The accuracy and 
i ntercompar i son  requi rements n e c e s s i t a t e  an 
e r r o r  ana lys is  and q u a l i t y  c o n t r o l  program. 

The p r o j e c t  has been d i v i d e d  i n t o  t h r e e  
phases t o  be conipleted over  a  th ree- year  
per iod .  Phase I, O p t i ~ i i i z a t i o n  o f  C a l i b r a t i o n  
Techniques, was i n i t i a t e d  i n  January o f  
FY 1979 and w i l l  be complete i n  mid-FY 1979. 
Phase 11, Development o f  a  Dosimeter P e r f o r -  
mance Data Base, w i l l  beg in  l a t e  i n  FY 1980 

O p t i m i z a t i o n  o f  C a l i b r a t i o n  Techniques 

The requi rements o f  t h e  A N S I  N13.11 
s tandard n e c e s s i t a t e  t h e  use o f  f o u r  
r a d i a t i o n  sources: gamma-ray, x- ray,  beta,  
and f a s t  neutron. I n  order  t o  ass ign  a  DEI, 
t h e  r a d i a t i o n  emissions f rom each source 
must be charac te r i zed ,  and t h e  c o n t r i b u t i o n  
o f  r a d i a t i o n  s c a t t e r  f rom t h e  exposure room 
area must be q u a n t i f i e d .  C o r r e c t i o n  f a c t o r s  
f o r  beam m o n i t o r i n g  inst ruments,  env i ron-  
mental c o n d i t i o n s ,  and beam q u a l i t y  must be 
measured con t inuous ly .  A process c o n t r o l  
system w i l l  be i n t e r f a c e d  w i t h  each o f  t h e  
r e q u i r e d  sources. Wi thout  a  process c o n t r o l  
system, t h e  accuracy and q u a l i t y  c o n t r o l  
requi rements o f  t h e  s tandard cou ld  n o t  be 
achieved. The c h a r a c t e r i z a t i o n  o f  t h e  r a d i -  
a t i o n  f i e l d s  and automation o f  t h e  i r r a d i a -  
t i o n  process w i l l  be completed be fo re  t e s t  . 
dosimeters are rece ived  f rom DOE c o n t r a c t o r s  

Developnient o f  a Dosimeter Performance - 
Data Base 

A l l  DOE l a b o r a t o r i e s  t h a t  process dos i-  
meters w i l l  be requested t o  send dosimeters 
t o  be eva lua ted  i n  accordance w i t h  t h e  
standard. A p r i m a r y  c a l i b r a t i o n  o f  each 
dosimeter w i l l  be p r o v i d e d  f o r  t h e  dosimeter 
processor  b e f o r e  eva lua t ion .  The p e r f o r -  
mance data w i l l  a l l o w  a n a l y s i s  o f  t h e  a b i l i t y  
o f  each dosimeter processor  t o  p r o v i d e  an 
accurate assessment o f  DEI under s p e c i f i e d  
cond i t i ons .  

P r e p a r a t i o n  o f  a  C a l i b r a t i o n  Procedure 
Manual 

The i r r a d i a t i o n  techniques used i n  t h e  
s tudy  w i l l  be documented f o r  rev iew and 



p u b l i c a t i o n .  The r e s u l t i n g  i n f o r m a t i o n  w i l l  REFERENCE 
p e r m i t  a  u n i f o r m  approach t o  r a d i a t i o n  c a l i -  
b r a t i o n s  by  DOE 1  abora to r ies .  

The American N a t i o n a l  Standards I n s t i t u t e  
(ANSI), Inc.  1978. ANSI N13.11. 



DOE Decommissioning Criteria 

This project was launched in the last quarter of FY 1979 to prepare a Guide for use by Department of 
Energy (DOE) staff and contractors in the planning and implementation of decontamination operations 
and the certification of decommissioned DOE facilities and sites. "Proposed Numerical Guidance," a 
listing of basic radiation standards to be met for all release conditions, was prepared and work began on 
the proposed Guide. 

C r i t e r i a  Development f o r  DOE Decommissioning 
Operat ions 

D. H. Denham, J. P. Corley, E. C. Watson 

The p r i m a r y  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  
t o  prepare a Guide f o r  use by  t h e  Department 
o f  Energy (DOE) and i t s  c o n t r a c t o r s  i n  con- 
d u c t i n g  decommissioning operat ions.  Th is  
Guide w i l l  p r o v i d e  a un i fo rm b a s i s  f o r  as- 
sess ing hazard i n v e n t o r i e s ,  developing c o s t /  
b e n e f i t  r a t i o s  and r i s k  analyses, d e c i s i o n  
making, m o n i t o r i n g  f o r  compli ance, and cer-  
t i f y i n g  o f  decommissioning a c t i v i t i e s .  Whi le  
i n i t  i a1 1 y addressed t o  r a d i o a c t i v e  contami- 
nants, t h i s  work w i l l ,  i n  a l l  l i k e l i h o o d ,  be 
expanded t o  address o ther  contaminants. The 
work t o  be performed a t  P a c i f i c  Northwest 
Labora to ry  (PNL) w i l l  i n c l u d e  (1) a l i s t i n g  
o f  b a s i c  r a d i a t i o n  s tandards t o  be met (as  
agreed upon w i t h  t h e  sponsor); ( 2 )  recom- 
mendati ons f o r  appropr ia te  records  genera- 
t i o n  and maintenance; ( 3 )  s e l e c t i o n  and 
e v a l u a t i o n  o f  methods f o r  e s t i m a t i n g  occupa- 
t i o n a l  r a d i a t i o n  exposures d u r i n g  decommis- 
s i o n i n g  operat ions and f o r  e s t i m a t i n g  env i-  
ronmental exposures p r i o r  t o ,  dur ing,  and 
subsequent t o  decommissioning operat ions,  
i n c l u d i n g  unplanned re leases;  ( 4 )  rev iew and 
e v a l u a t i o n  o f  methods der i ved  by  Oak Ridge 
N a t i o n a l  Labora to ry  under Nuclear  Regu la to ry  
Comnission (NRC) c o n t r a c t  f o r  c o n f i r m i n g  

r a d i o a c t i v i t y  l e v e l s ,  i n c l u d i n g  s t a t i s t i c a l  
design, sampling techniques, and instrumen- 
t a t i o n  performance c r i t e r i a ;  ( 5 )  s i m p l i f i e d  
methods f o r  de te rmin ing  s p e c i f i c  numer ica l  
guidance f o r  decontaminat ion and/or re lease,  
f o r  b o t h  e x t e r i o r  and i n t e r i o r  su r faces  and 
f o r  b u l k  m a t e r i a l s ;  ( 5 )  a p p l i c a t i o n  o f  r e -  
commended methods t o  an example s i t e ;  and 
(7 )  i n c o r p o r a t i o n  o f  above tasks  i n t o  a 
R a d i o l o g i c a l  Guide f o r  DOE Decommissioning 
O ~ e r a t i o n s .  

The i n i t i a l  phase has i n v o l v e d  rev iew and 
e v a l u a t i o n  o f  p rev ious  and ongoing e f f o r t s  
i n  decontaminat ion and decommissioning, es- 
p e c i a l l y  the  DOE/EV-0005 s e r i e s  o f  r e p o r t s  
on "Former ly  U t i l i z e d  MED/AEC S i t e s  Remedial 
A c t i o n  Program" and t h e  NRC-sponsored s t u d i e s  
PNL c u r r e n t l y  has i n  progress on t h e  "Tech- 
nology, S a f e t y  and Costs o f  Decommissioning 
Reference . . .(PWR, f u e l  f a b r i c a t i o n ,  and 
reprocess ing)  P lan ts . "  

The PNL team f o r  t h i s  p r o j e c t  reviewed 
and p rov ided  comments t o  t h e  authors and 
sponsor o f  Los Alamos S c i e n t i f i c  Labora- 
t o r y ' s  r e c e n t  d r a f t ,  " I n t e r i m  S o i l  L i m i t s  
f o r  D&D P r o j e c t s , "  and helped prepare recom- 
mendations f o r  decontaminat ion c r i t e r i a  and 
inst rument  survey techniques f o r  t h e  o l d  New 
Brunswick Labora to ry  s i t e  based on those 
i n t e r i m  l i m i t s .  



Analysis of Criticality Safety 

T h e  results o f  a prev ious s tudy o n  100 v io la t ions o f  cr i t ical i ty safety specif icat ions cover ing  a ten-year 
p e r i o d  i n  t h e  operat ions o f  a fuels reprocessing p lan t  w e r e  summar ized  (Lloyd, Heaber l in  a n d  C lay ton  
1979). T h e  prev ious data co l lec t ion  was b road ly  expanded  d u r i n g  t h e  year t o  i n c l u d e  over  400 v io la t ions 
cover ing  var ious o t h e r  operat ions w i t h i n  D e p a r t m e n t  o f  Energy facilities. W i t h  this broader, m o r e  
c o m p l e t e  data base, a m o r e  de f in i t i ve  result  o f  t h e  status o f  overa l l  cr i t ical i ty safety w i l l  b e  possible. T h e  
add i t i ona l  data co l lected d u r i n g  t h e  year are b e i n g  used i n  a fau l t - t ree analysis i n  w h i c h  causes are 
assigned f requency  values. O n  c o m p l e t i o n  o f  t h e  analysis, t h e  mos t  f r e q u e n t  causes o f  v io la t ions can b e  
iden t i f i ed  a n d  suggestions m a d e  t o  ef fect  fu r the r  improvements  i n  cr i t ical i ty safety con t ro l .  

Ana lys is  o f  C r i t i c a l i t y  S a f e t y  

R.  C. L loyd,  E. D. Clayton,  W. E. Converse 

The o b j e c t i v e  o f  t h i s  program i s  t o  deve- 
l o p  and apply  a sys temat i c  method t o  analyze 
t h e  c r i t i c a l i t y  s a f e t y  program i n  Department 
o f  Energy (DOE) f a c i l i t i e s .  An a n a l y s i s  o f  
past  data on c r i t i c a l i t y  s a f e t y  v i o l a t i o n s ,  
i n  terms o f  c r i t i c a l i t y  s a f e t y  ph i losophy  and 
t h e  human and mechanical f a c t o r s  invo lved ,  
permi ts  judgments t h a t  may he lp  reduce t h e  
number o f  f u t u r e  v i o l a t i o n s .  Furthermore, 
these da ta  may be used i n  a f a u l t - t r e e  anal-  
y s i s  i n  which causes are assigned f requency 
values. Thus, when t h e  most f r e q u e n t  causes 
o f  v i o l a t i o n s  are i d e n t i f i e d ,  c o r r e c t i v e  
a c t i o n  can be taken t o  e l i m i n a t e  them. 

F a u l t - t r e e  ana lys is  i s  a form o f  r i s k  
assessment i n  which t h e  pathways t o  t h e  
f a i l u r e  o f  a system are i d e n t i f i e d  ( f a i l u r e  
i s  the  occurrence o f  a c r i t i c a l i t y  a c c i -  
dent) .  The f a u l t - t r e e  i s  developed f rom t h e  
v a r i o u s  cond i t i ons ,  events, and components 
l e a d i n g  t o  an acc ident ,  even though t h e r e  
may be l i t t l e  exper ience w i t h  complete f a i l -  
u r e  o f  t h e  system. Th is  r isk-assessment 
technique i s  w e l l  s u i t e d  f o r  ana lyz ing  c r i -  
t i c a l i t y  sa fe ty .  A s tudy  i s  be ing  conducted 
on t h e  o v e r a l l  c r i t i c a l i t y  s a f e t y  a t  DOE 
f a c i l i t i e s .  The s i t e s  have been v i s i t e d  and 
d iscuss ions  h e l d  w i t h  c r i t i c a l i t y  s a f e t y  
exper ts  i n  t h e  f i e l d .  The data accumulated 
on 400 c r i t i c a l i t y  s a f e t y  v i o l a t i o n s  a re  
c u r r e n t l y  be ing analyzed f o r  i n c l u s i o n  i n  

t h e  f a u l t  t r e e .  Two r e p o r t s  on a s i m i l a r  
b u t  l e s s  comprehensive s tudy  have been made 
t o  date (L loyd,  H e a b e r l i n  and C lay ton  1979, 
and L l o y d  e t  a l .  1977). The c o l l e c t e d  data 
w i l l  be analyzed w i t h  t h e  ACORN and MFAULT 
computer codes ( C a r t e r  1977 and P e l t o  and 
P u r c e l l  1977). From these analyses, t h e  
p r o b a b i l i t y  o f  t h e  i n a d v e r t e n t  occurrence o f  
c r i t i c a l i t y  can be est imated and t h e  most 
l i k e l y  c o n t r i b u t i n g  events i d e n t i f i e d .  Wi th  
t h i s  knowledge, suggest ions can be made t o  
e f f e c t  f u r t h e r  improvements i n  c r i t i c a l i t y  
s a f e t y  c o n t r o l .  
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Handbooks on Effluent and Environmental Monitoring 

Issue o f  t h e  draf t  G u i d e  f o r  Ef f luent  M o n i t o r i n g a t  D O E  Instal lat ions was p o s t p o n e d  p e n d i n g  reso lu t ion  
o f  fu r the r  regulatory  requi rements.  Analysis and  evaluat ion o f  CY-1978 annual  env i ronmenta l  survei l-  
lance repor ts  f r o m  Depar tment  o f  Energy (DOE) nuc lear  sites was approx imate ly  50% comple ted .  A  d ra f t  
Executive Summary o f  1977 env i ronmenta l  impacts f r o m  all DOE nuclear  sites was comple ted .  

Handbooks o f  Recommended P r a c t i c e s  f o r  
Environmental and E f f l u e n t  M o n i t o r i n g  and 
R e p o r t i n g  

J. P. Cor ley,  D. H. Denham, B. V.  Andersen, 
G. W. Schwendiman 

The o b j e c t i v e s  o f  t h i s  program are t o  
p r o v i d e  

1. suggested methods and procedures t o  b r i n g  
g rea te r  u n i f o r m i t y  and c o m p a r a b i l i t y  t o  
Department o f  Energy (DOE) c o n t r a c t o r  
systems f o r  environmental and e f f l u e n t  
r a d i o l o g i c a l  m o n i t o r i n g  and r e p o r t i n g ,  and 

2. g u i d e l i  nes o f  suggested environmental and 
e f f l u e n t  r a d i o l o g i c a l  m o n i t o r i n g  prac-  
t i c e s  f o r  the  O f f i c e  o f  Opera t iona l  and 
Environmental Safety .  

E f f l u e n t  Guide 

Cont inu ing  u n c e r t a i n t y  as t o  eventual  
r e g u l a t o r y  requirements stemning f rom t h e  
1977 a.mendments t o  t h e  Federa l  Water P o l l u -  
t i o n  Con t ro l  Ac t  and Clean A i r  A c t  caused 
f u r t h e r  de lay  i n  i s s u i n g  t h e  D r a f t  Guide. 
Sect ions on c r i t e r i a  and on s p e c i f i c  moni- 
t o r i n g  methods may r e q u i r e  r e v i s i o n .  By 
agreement w i t h  t h e  sponsor, f u r t h e r  d r a f t  
r e v i s i o n s  and a  workshop f o r  Department o f  
Energy f i e l d  o f f i c e  and c o n t r a c t o r  s t a f f  
were postponed t o  FY 1980. 

Environmental Guide 

Ana lys is  o f  t h e  CY-1978 annual env i ron-  
mental r e p o r t s  and suppor t ing  s u r v e i  11 ance 
programs f o r  t h e  29 DOE nuc lear  s i t e s  t h a t  
r e p o r t e d  was approx imate ly  50% completed. 
Eva lua t ions  and comparisons were made aga ins t  
b o t h  t h e  requi rements o f  former Energy Re- 
search and Development A d m i n i s t r a t i o n  (ERDA) 
Manual Chapter 0513 (be ing  re issued  as DOE 
Orders Chapter X V I I I )  and t h e  Environmental 
S u r v e i l l a n c e  Guide ERDA-77-24. Usefulness 
o f  t h e  Environmental S u r v e i l l a n c e  Guide, 
p r e v i o u s l y  prepared under t h i s  p r o j e c t ,  con- 
t i n u e d  t o  be demonstrated by requests  f o r  
t h e  document and re fe renc ing .  Comments and 
suggest ions f o r  use i n  a  FY-1980 r e v i s i o n  o f  
ERDA-77-24 cont inued t o  be s o l i c i t e d .  

DOE Execu t i ve  Summary o f  Environmental 
Impacts 

A  d r a f t  execu t i ve  summary o f  CY-1977 en- 
v i ronmenta l  impacts f rom a l l  29 DOE nuc lear  
s i t e s  was prepared f o r  issuance as a DOE 
document. I t inc luded  s i t e  maps, b r i e f  s i t e  
and opera t ions  d e s c r i p t i o n s ,  t a b u l a t i o n s  o f  
r a d i a t i o n  doses t o  i n d i v i d u a l s  and t h e  popu- 
l a t i o n  ( w i t h i n  an 80 km r a d i u s ) ,  and q u a n t i -  
t i e s  re leased  f o r  b o t h  r a d i o a c t i v e  and non- 
r a d i o a c t i v e  p o l l u t a n t s .  



Health Physics Lead Laboratory 

Pacif ic N o r t h w e s t  Labora to ry  f u n c t i o n s  as t h e  l ead  l abo ra to ry  p r o v i d i n g  h e a l t h  phys i cs , suppor t  a n d  
assistance t o  t h e  D i v i s i o n  o f  O p e r a t i o n a l  & E n v i r o n m e n t a l  Safety, D e p a r t m e n t  o f  Energy (DOE) ,on  special  
s tud ies  p r i n c i p a l l y  associated w i t h  t h e  analysis o f  i m p a c t  o f  standards, regu la t ions,  a n d  e n g i n e e r i n g  a n d  
admin i s t ra t i ve  ac t ions o n  o c c u p a t i o n a l  a n d  e n v i r o n m e n t a l  exposu re .  S u p p o r t  a n d  assistance a re  also 
p r o v i d e d  f o r  o t h e r  spec i f ic tasks o r  spec ia l  s tud ies  i d e n t i f i e d  b y  D O E  as pr ior i t ies .  T h e  des igna t i on  o f  l ead  
l a b o r a t o r y  i n  h e a l t h  physics, w i t h  a n  a g r e e m e n t  a n d  b u d g e t  i n  place, p r o v i d e s  t h e  D i v i s i o n  w i t h  t h e  
a d d i t i o n a l  expe r t i se  necessary t o  r e s p o n d  t o  t h e  m a n y  q u e s t i o n s  a n d  s i tuat ions t h a t  ar ise d u r i n g  t h e  
o p e r a t i o n  o f  t h e i r  n u m e r o u s  n u c l e a r  e n e r g y  research, d e v e l o p m e n t ,  a n d  d e m o n s t r a t i o n  faci l i t ies.  

H e a l t h  Phys i cs  Suppor t  and A s s i s t a n c e  t o  t h e  
Department o f  Energy 

L. G. Faust; J. M. S e l b y  

A n a l y s i s  o f  Impact  on Department o f  Energy 
(DOE) F a c i l i t i e s  and Programs R e s u l t i n g  
Fro11 a  Reduc t i on  i n  t h e  Dose E q u i v a l e n t  
f D E I  L i m i t s  

J. M, Se lby ,  G.  E. Backman, K. R. Heid,  
J. B .  M a r t i n ,  I .  C .  Nelson, E. E. 
Oscarson, H. L .  Wedl ick ,  Ad Hoc 
Headquar ters  Committee 

The Department o f  Energy (DOE) conducted 
a  s t u d y  o f  t h e  impact  o f  r e d u c i n g  t h e  occu- 
p a t i o n a l  r a d i a t i o n  exposure l i m i t  f r o m  5 r e m l  
yr t o  2.5, 1.0, and 0.5 r e m l y r ,  r e s p e c t i v e l y .  
Many yea rs  o f  r a d i a t i o n  exposure expe r ience  
i n  a1 1  phases o f  n u c l e a r  energy a p p l i c a t i o n s  
were surveyed t o  e v a l u a t e  t h e  impact  o f  r e -  
duc ing  t h e  p r e s e n t  DOE l i m i t  o f  5 r e m l y r .  

S ince  DOE programs i n v o l v e  a  l a r g e  and 
d i v e r s e  p o r t i o n  o f  a l l  work i n v o l v i n g  r a d i a -  
t i o n  i n  t h e  U n i t e d  S ta tes ,  i t  was assumed 
t h a t  r e d u c t i o n  o f  exposure l i m i t s  m i g h t  b e  
f e l t  most k e e n l y  w i t h i n  DOE. As a  r e s u l t  o f  
t h e  response by t h e  E n v i r o n ~ n e n t a l  P r o t e c t i o n  
Agency t o  t h e  N a t u r a l  Resources Defense 
Counc i l  p e t i t i o n  and t h e  impending response 
b y  t h e  Nuc lea r  R e g u l a t o r y  Commission, as 
w e l l  as moun t ing  Congress iona l  i n t e r e s t  i n  
t h e  p rob lem o f  o c c u p a t i o n a l  exposure, DOE 
dec ided  t h a t  a  r e v i e w  s h o u l d  be  under taken  
t o  d e l i n e a t e  t h e  impac t  o f  lowered occupa- 
t i o n a l  r a d i a t i o n  exposure l i m i t s  on DOE p e r -  
sonnel ,  programs, and f a c i l i t i e s .  To es tab-  
l i s h  a  b a s i s  f o r  assess ing  t h e  p o t e n t i a l  

impact  o f  l ower  exposure l i m i t s  among DOE 
c o n t r a c t o r s ,  a  l i s t  o f  q u e s t i o n s  was s e n t  t o  
DOE F i e l d  O f f i c e  c o n t r a c t o r s .  

S e l e c t e d  c o n t r a c t o r  r e p r e s e n t a t i v e s  were 
appo in ted  t o  an ad l ioc committee t h r o u g h  DOE 
F i e l d  O f f i c e s .  These members were ass igned  
r e s p o n s i b i l i t y  f o r  c o o r d i n a t i n g  r e p l i e s  t o  
t h e  q u e s t i o n s  f r o m  v a r i o u s  c o n t r a c t o r s  w i t h -  
i n  t h e i r  F i e l d  O f f i c e .  A m e e t i n g  o f  t h e  
ad hoc commi t tee was he ld ,  t h e  d a t a  f r o m  a l l  
o f  t h e  c o n t r a c t o r s  were rev iewed,  and i n i -  
t i a l  summaries were prepared.  The f o l l o w i n g  
s e t  o f  b a s i c  assumptions and d e c i s i o n s  were 
made: 

No d i s c u s s i o n  o r  e v a l u a t i o n  o f  dose 
e f f e c t s  would  be  under taken;  however, 
some h e a l t h  e f f e c t s  would be assumed 
even a t  l ow  dose. 

T o t a l  worker  p o p u l a t i o n  dose would be 
cons ide red  a long  w i t h  i n d i v i d ~ ~ a l  
w o r k e r ' s  dose. 

No a t t e m p t  would be made t o  assess t h e  
va lue  o f  a  program o r  f a c i l i t y  t o  DOE, 
t h e  i n d u s t r y ,  o r  t h e  U n i t e d  S ta tes .  

The same r a d i a t i o n  p r o t e c t i o n  c o n t r o l  
and r e p o r t i n g  p h i l o s o p h y  would be con- 
t i n u e d  i f  lower  l i m i t s  were adopted. 

The commi t tee would n o t  recommend any 
change i n  l i m i t s .  

No a t t e m p t  would  be  made t o  i d e n t i f y  
o r  q u a n t i f y  t h e  d e l a y  o r  c u r t a i l m e n t  
o f  programs. 



For t h e  purpose o f  developing cos t  and 
manpower est imates,  i t  would be as- 
sumed t h a t  programs and f a c i l i t i e s  
c o u l d  be operated a t  t h e  proposed 
l i m i t s  ( t h i s  may n o t  be a v i a b l e  
assumption a t  t h e  0.5 r e m l y r  l i m i t ) .  

The b a s i c  des ign o f  the  r e p o r t  (U.S. De- 
partment o f  Energy 1979) was developed w i t h  
a l i s t  o f  impor tan t  p o i n t s  t o  be discussed. 
Note t h a t  t h i s  r e p o r t  was l i m i t e d  t o  a pre-  
s e n t a t i o n  o f  exposure exper ience and a n t i -  
c i p a t e d  economic and exposure impact o f  t h e  
r e d u c t i o n  o f  occupa t iona l  exposure Timi t s  
and d i d  n o t  address t h e  a l l e g e d  need f o r  
dose l i m i t  r e d u c t i o n .  The ad hoc committee 
concluded t h a t  t h e  r e s u l t s  o f  t h i s  s tudy 
s a t i s f a c t o r i l y  p r o j e c t  t h e  e f f e c t s  and prob-  
lems associated w i t h  t h e  proposed r e d u c t i o n  
o f  the  dose l i m i t s .  The f o l l o w i n g  conclu-  
s i  ons were reached: 

1. Reduct ion o f  t h e  occupa t iona l  exposure 
l i m i t  would r e s u l t  i n  s i g n i f i c a n t  i n -  
crease i n  t o t a l  accumulated exposure t o  
t h e  c u r r e n t  r a d i a t i o n  worker p o p u l a t i o n  
and cou ld  r e q u i r e  an inc rease  i n  t h e  work 
f o r c e  w i t h  subsequent personnel and ad- 
mi n i s t r a t i v e  problems. 

2. Impor tan t  programs and/or f a c i l i t i e s  
would have t o  be abandoned a t  a  planned 
exposure l i m i t  o f  0.5 rem/yr. 

3. Some eng ineer ing  technology i s  n o t  s u f -  
f i c i e n t l y  developed t o  des ign o r  operate 
a t  t h e 0 . 5  rem/yr  l i m i t .  

4. Even a f a c t o r - o f - 2  reduc t ion ,  so a l l  
planned exposures would be l e s s  than  
2.5 remly r ,  would s i g n i f i c a n t l y  inc rease  
cos ts  and would r 2 s u l t  i n  an increase,  
perhaps no t  an impor tan t  increase,  i n  
t o t a l  exposure t o  t h e  work f o r c e .  

5. I n  a d d i t i o n  t o  a s i g n i f i c a n t  one- t ime 
i n i t i a l  c a p i t a l  cos t  r e s u l t i n g  f rom a 
0.5 rem/yr l i m i t ,  t h e r e  would be a s i g -  
n i f  i c a n t  inc rease  i n  annual costs .  

6. The major  emphasis i n  c o n t r o l l i n g  occu- 
p a t i o n a l  exposure should be on con t inued  
work toward f u r t h e r  r e d u c t i o n  o f  t o t a l  
man-rem. Th is  should i n v o l v e  cont inued 
development o f  As Low As P r a c t i c a b l e  
(ALAP) programs a1 ong w i t h  improvements 
i n  dose measurement and r e c o r d i n g  
methods; b e t t e r  containment, handl ing,  
and remote maintenance techniques; and 
development o f  more s o p h i s t i c a t e d  expo- 
sure records.  

7.  R a d i a t i o n  p r o t e c t i o n  p r a c t i c e s  a t  DOE 
f a c i l i t i e s  have ma in ta ined  exposures o f  
t h e  b u l k  o f  t h e  nuc lear  work f o r c e  sub- 
s t a n t i a l  1  y  below c u r r e n t  1  i m i t s  f o r  many 
years. The exposure exper ience presented 
i n  t h i s  r e p o r t  documents t h e  e f f e c t i v e -  
ness o f  a  c o n t i n u i n g  exposure r e d u c t i o n  
e f f o r t .  

8. The c u r r e n t  s tandard o f  5 rem/yr i s  used 
o n l y  as a l i m i t .  For  example, 97% o f  t h e  
employees r e c e i v e  l e s s  than  0.5 rem/yr.  
Th is  i s  p o s s i b l y  due t o  t h e  f l e x i b i l i t y  
p e r m i t t i n g  a few r a d i a t i o n  workers t o  
r e c e i v e  exposures above 0.5 r e m l y r  b u t  
below t h e  l i m i t  o f  5 rem/yr  i n  an e f f o r t  
t o  m a i n t a i n  t o t a l  worker exposure ALAP. 
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E v a l u a t i o n  o f  Impact o f  ICRP-26 
Recommendations 

J. P. Cor ley,  A. E. Desros iers ,  K. R. 
Heid, C.  E. Newton, J r .  

The recornendat ions con ta ined  i n  t h e  
I n t e r n a t i o n a l  Corn iss ion  on R a d i o l o g i c a l  
P r o t e c t i o n  (ICRP) P u b l i c a t i o n  26 were r e -  
viewed f o r  t h e i r  e f f e c t s  on occupa t iona l  and 
envi ronmenta l  exposure l i m i t s  and t h e  r e s u l -  
t a n t  m o d i f i c a t i o n s  t o  each o f  t h e  e v a l u a t i o n  
and c o n t r o l  programs. Using t h e  Hanford S i t e  
programs as a base, changes t o  accommodate 
t h e  s i g n i f i c a n t  d i f f e r e n c e s  d e f i n e d  p rev ious-  
l y  are i d e n t i f i e d  along w i t h  t h e  f e a s i b i l i t y  
and approximate c o s t  where a p p l i c a b l e  o r  
reasonable t o  develop. Where proven tech-  
nology does n o t  e x i s t  o r  where apparent cos t  
o f  implementat ion appears excessive, those 
program changes a re  i d e n t i f i e d .  A1 though 
thorough a n a l y s i s  was n o t  poss ib le ,  approx i-  
mations o f  p a r a l l e l  e f f o r t s  r e q u i r e d  a t  
Department o f  Energy (DOE) s i t e s  w i t h  o t h e r  
record- keeping systems were attempted. Sug- 
gested changes i n  t h e  DOE Manual Chapter ( o r  
t h e  equ iva len t )  and h e a l t h  and s a f e t y  r e q u i r e -  
ments a re  t o  be p rov ided  i n  t h e  f i n a l  summary 
r e p o r t .  

I n  some cases, a m p l i f i c a t i o n  o r  expla-  
n a t i o n  o f  P u b l i c a t i o n  26 was taken  f r o m  



subsequent p u b l i c a t i o n s  o f  t h e  ICRP o r  i t s  
committees. Otherwise t h e  e f f e c t  o f  compl i-  
ance w i t h  t h e  ve rba t im recommendations o f  
P u b l i c a t i o n  26 was analyzed. 

Where t h e  recommendations d i f f e r  s i g n i -  
f i c a n t l y  f rom c u r r e n t  p r a c t i c e ,  t h e  Hanford 
S i t e ' s  programs were used as a base t o  iden-  
t i f y  the  f e a s i b i l i t y  and cos t  o f  e f f e c t i n g  
changes. I m p r a c t i c a l  changes are i d e n t i f i e d .  
I n  general,  t h e  ICRP's recommendations would 
s i g n i f i c a n t l y  a f f e c t  o p e r a t i o n a l  m o n i t o r i n g  
o f  i n t e r n a l  e m i t t e r s  and subsequent r e p o r t i n g  
o f  r a d i a t i o n  dose. I n  t h e  near term, how- 
ever, changes i n  r a d i a t i o n  s tandards and 
methods o f  c a l  cu 1 a t i  ng and r e p o r t i n g  doses 
would have a t r a n s i e n t  e f f e c t  on schedules 
and budgets f o r  b o t h  occupa t iona l  and env i-  
ronmental r a d i a t i o n  p r o t e c t i o n  programs. 
Suggested changes i n  t h e  appropr ia te  DOE 
Manual Chapters and h e a l t h  and s a f e t y  r e -  
quirements are t o  be p rov ided  i n  t h e  f i n a l  
summary r e p o r t .  

A p o r t i o n  o f  t h e  e f f o r t  on t h i s  p r o j e c t  
was d i r e c t e d  toward s tudy ing  t h e  i n d i r e c t  
impact o f  i n c o r p o r a t i n g  ICRP's recommenda- 
t i o n s  i n t o  . the Environmental P r o t e c t i o n  
Agency's (EPA) fo r thcoming  f e d e r a l  r a d i a t i o n  
p r o t e c t i o n  guidance f o r  l i m i t i n g  exposure o f  
workers t o  i o n i z i n g  r a d i a t i o n .  EPA's guid-  
ance f o r  occupat ional  p r o t e c t i o n  can be ex- 
pected t o  have d i f f e r e n t  impacts f rom those 
r e l a t i n g  t o  P u b l i c a t i o n  26 i t s e l f  because t h e  
EPA may m o d i f y  severa l  o f  ICRP's recommen- 
dat ions,  r e s u l t i n g  i n  guidance t h a t  b lends 
ICRP's i n n o v a t i v e  concepts w i t h  p r e s e n t l y  
e s t a b l i s h e d  r a d i a t i o n  l i m i t s .  Analyses o f  
EPA's proposed guidance were prepared f o r  use 
by DOE i n  in te ragency  d iscuss ions  o f  t h e  
proposed guidance. 

Assessment, Ana lys is ,  and Recommendations 
f o r  Personnel Neutron Dosimetry  

L. W. Brackenbush, G. W. R. Endres, 
L. G. Faust 

The o b j e c t i v e  o f  t h i s  task  was t o  assess 
t h e  s t a t e  o f  t h e  a r t  o f  personnel neu t ron  
dosimetry. The work i n c l u d e d  r e v i e w i n g  
i ~ e u t r o n  dosimetry  1 i t e r a t u r e ,  su rvey ing  
dosimetry  systems a t  Department o f  Energy 
(DOE) f a c i l i t i e s ,  c o n t a c t i n g  p r i n c i p a l  inves-  
t i g a t o r s  throughout  t h e  wor ld  who are i n v o l v e d  
i n  neutron dosimetry  research,  and i d e n t i -  
f y i n g  techniques t o  h e l p  improve dosimetry  a t  
DOE f a c i l i t i e s .  The l i t e r a t u r e  search p r o-  
duced more than  1200 c i t a t i o n s  on neutron 
dosimetry  and de tec to rs ;  o n l y  about 200 were 
found t o  be p e r t i n e n t .  

The l i t e r a t u r e  search revea led  one new 
t y p e  o f  neutron dosimeter,  t h e  Superheated 
Drop Detector ,  i nven ted  by Dr. R. A p f e l  o f  
Yale U n i v e r s i t y .  Th is  dosimeter c o n s i s t s  o f  
small  drops o f  a  superheated l i q u i d  p laced i n  
a v iscous ge l  t h a t  s t a b i l i z e s  t h e  super-  
heated l i q u i d .  It i s  p o s s i b l e  t o  determine 
t h e  energy o f  t h e  i n c i d e n t  neutrons b y  us ing  
severa l  Superheated Drop Detec to rs  w i t h  mix-  
t u r e s  o f  superheated l i q u i d s  hav ing d i f f e r e n t  
degrees o f  superheat and hence d i f f e r e n t  neu- 
t r o n  energy th resho lds .  There are, however, 
many p r a c t i c a l  problems which need t o  be 
so lved b e f o r e  t h e  Superheated Drop Detec to r  
cou ld  be used as a personnel neutron 
dosimeter.  

Contacts were made w i t h  severa l  f o r e i g n  
dos imetry  exper ts .  Neutron dosimeters were 
ob ta ined  f rom Kar lsruhe,  Germany, and 
W i  ndscale, England, f o r  eva lua t ion .  The 
German albedo dosimeter has s i x  l i t h i u m  
f 1 uor  i d e  thermol umi nescent dosimeter (TLD) 
ch ips  i n  a boron carb ide  holder .  The E n g l i s h  
dosimeter i s  a lso  a TLD albedo dosimeter w i t h  
l i t h i u m  b o r a t e  as t h e  thermoluminescent 
m a t e r i a l .  

Three commercial neu t ron  dosimeter se r-  
v ices  were contacted:  one p rov ides  Nuclear  
Track Emulsion (NTA) f i l m ,  t r a c k  etch, and 
TLD albedo dosimeters; t h e  second p rov ides  
TLD albedo dosimeters; and t h e  t h i r d  p ro-  
v ides  TLD albedo and NTA f i l m  dosimeters. 
Two o f  these f i r m s  p r o v i d e  neutron dos i-  
meters t o  DOE con t rac to rs .  One o f f e r s  a 
p l a s t i c  t r a c k  e tch  dosimeter which may be 
o f  i n t e r e s t  because i t  has a lower  energy 
t h r e s h o l d  than p rev ious  t r a c k  e tch  dosimeters. 

A personnel neutron dosimetry  survey fo rm 
was d i s t r i b u t e d  t o  dos imetry  exper ts  a t  major 
DOE f a c i l i t i e s .  Th is  survey seeks in forma-  
t i o n  about t h e  t y p e  o f  dosimeter used a t  a  
g iven  DOE s i t e ,  t h e  method by which neutron 
dose i s  determined by t h e  dosimeter,  t h e  
energy and angular  response o f  t h e  dosimeter,  
the, lower  d e t e c t i o n  l i n i i  t o f  t h e  dosimeter,  
t h e  method by which t h e  dosimeter i s  c a l i -  
brated,  t h e  t y p e  o f  f a c i l i t i e s  ( n u c l e a r  
reac to rs ,  acce le ra to rs ,  e tc . )  i n  which t h e  
dosimeters are used, and t h e  number o f  people 
exposed t o  neutrons i n  each t y p e  o f  f a c i l i t y .  

Neutron dosimetry  systems and t h e i r  prob-  
lems were d iscussed a t  s i x  major  DOE s i t e s .  
F i v e  o f  t h e  s i t e s  emp1o.y TLD albedo person- 
n e l  neutron dosimeters; o n l y  one, an accele-  
r a t o r  labora to ry ,  uses NTA f i l m .  The energy 
s e n s i t i v i t y  and c a l i b r a t i o n  problems o f  t h e  
TLD albedo dosimeters are w e l l  recognized a t  
a l l  f i v e  s i t e s .  Most s i t e s  use a s i n g l e  



c a l i b r a t i o n  f a c t o r  f o r  i n t e r p r e t i n g  t h e i r  
dos imeter  r e s u l t s .  A l l  o f  t h e  s i t e s  u s i n g  a 
s i  ng l  e c a l i b r a t i o n  f a c t o r  tend  t o  be con- 
s e r v a t i v e ,  which r e s u l t s  i n  overes t imat ion  o f  
t h e  neutron dose. I n  s i t u a t i o n s  where t h e  
dosimeter i s  c a l i b r a t e d  w i t h  an unmoderated 
neutron source and exposed i n  t h e  f i e l d  t o  a 
moderated source, t h e  neutron dose may be 
overest imated by a f a c t o r  o f  2 o r  more. A t  
two s i t e s  t h e r e  i s  an at tempt  made t o  compen- 
sa te  f o r  d i f f e r e n c e s  i n  t h e  neutron spec t ra  
i n  which t h e  TLD albedo dosimeters are ex- 
posed. C o r r e c t i o n  f a c t o r s  a re  determined by 
crude neutron spectrum measurements made a t  
work l o c a t i o n s  f rom t h e  r a t i o  o f  response o f  
thermal  neu t ron  d e t e c t o r s  i n s i d e  9- and 
3- inch  spheres o f  po lye thy lene .  

It was concluded t h a t  accurate neutron 
spectrum measurements need t o  be made i n  work 
l o c a t i o n s  and i n  c a l i b r a t i o n  f a c i l i t i e s  t o  
improve neutron dosimeter responses. No 
dosimeter was found t o  be comple te ly  s a t i s -  
f a c t o r y  i n  measuring personnel neutron expo- 
sures under f i e l d  c o n d i t i o n s .  

E. E. Oscarson, A. E. Desros iers ,  R. A. 
Fox, D. E. F r i a r ,  W. M. Harty, J. S. Kent, 
W. D. McCormack, M. L. Smith. 

The s tudy  i n v o l v e s  e i g h t  subtasks, i n c l  u- 
d i n g  e v a l u a t i o n  o f  source terms data gathered 
d u r i n g  a rev iew o f  Department o f  Energy (DOE) 

o n s i t e  emergency preparedness c a p a b i l i t i e s ,  
p r e p a r a t i o n  o f  an updated emergency prepared- 
ness ques t ionna i re ,  e v a l u a t i o n  o f  i ns t rument  
m a l f u n c t i o n  and performance data, e v a l u a t i o n  
o f  data f rom t h e  f i r s t  two subtasks, a com- 
p a r i s o n  o f  t h e  magnitude o f  t h e  impact o f  
p o s t u l a t e d  acc iden ts  t o  t h e  i n s t r u m e n t a t i o n  
and o t h e r  resource c a p a b i l i t i e s  t o  deal  w i t h  
t h e  acc idents,  and a reassessment and update 
o f  t h e  p rev ious  r e p o r t s .  The task  was i n i -  
t i a t e d  i n  FY 1979 and w i l l  be completed by  
t h e  end o f  FY 1981. 

Responses f rom t h e  F i e l d  O f f  i c e s  a t  f o u r  
major DOE s i t e s  were rev iewed t o  gather  
source terms and o t h e r  r e l e a s e  and dose- rate 
data. These responses were found t o  be i n -  
adequate f o r  t h e  t y p e  o f  a n a l y s i s  be ing  per-  
formed. Consequently, f u r t h e r  i n f o r m a t i o n  
i s  be ing  requested f rom t h e  p a r t i c i p a t i n g  
F i e l d  O f f i c e s .  

A new d r a f t  q u e s t i o n n a i r e  was prepared on 
t h e  "Technologica l  Cons idera t ion  i n  Emer- 
gency I n s t r u m e n t a t i o n  Preparedness. " Fur-  
t h e r  e f f o r t s  under t h e  expanded scope w i l l  
cen te r  on p r e p a r i n g  a q u e s t i o n a i r e  which 
wi 11 i n c l u d e  t r a i n i n g  programs, a u d i t  sys- 
tems, and emergency p lans  and procedures. 

Emergency i n s t r u m e n t a t i o n  performance 
data f o r  t h e  Hanford S i t e  i s  be ing  gathered 
and analyzed. When completed, i t  should be 
p o s s i b l e  t o  prepare recommendations on i n -  
strument design, c o n s t r u c t i o n ,  and qua1 i t y  
assurance and c o n t r o l .  
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HUMAN HEALTH STUDIES 

Statistical Health Effects 

a Urinary Excretion of Metals and DTPA Salts 

Radioisotope Customer List 

A program of accumulation of data on the mortality of workers at the Hanford 
plant has been in progress for 15 years. Since 1975, this epidemiologic data set has 
been analyzed here by statistical procedures alternal-ive to those used by other inves- 
tigators. The Pacific Northwest Laboratory (PNL) analyses indicated that the general 
health of Hanford employees i s  favorable with respect to cancer generally and to 
other diseases. The study disclosed possibilities that warrant additional follow-up in 
two cancer types. The Hanford Environmental Health Foundation i s  associated with 
PNL in this continuing study. 

PNL analyzed urine samples from a person accidentally exposed to americium- 
241 and treated with Ca and Zn DTPA. These analyses demonstrated that Zn was the 
only essential element excreted more rapidly than normal becuase of the chelation 
therapy. The excretion of Zn was compensated adequately by the use of Zn DTPA 
instead of the calcium salt or by the administration of ZnSO.1. This information has 
important implica1:ions for the long-term use of DTPA in the decorporation of depos- 
ited radionuclides. 



Statistical Health Effects Study 

T h e  m a i n  p u r p o s e  o f  th is  p r o g r a m  is t o  analyze t h e  mor ta l i t y  o f  H a n f o r d  w o r k e r s  a n d  t o  d e t e r m i n e  t h e  
effects o f  rad ia t ion  exposure  i n  this p o p u l a t i o n .  A secondary ob jec t i ve  is t h e  d e v e l o p m e n t  o f  i m p r o v e d  
m e t h o d o l o g y  f o r  assessing heal th  effects o f  c h r o n i c  low- leve l  exposure t o  h a r m f u l  agents o r  substances, 
par t icu lar ly  i n  an  occupa t iona l  setting. I n  t h e  past year, w e  have pub l i shed  a  paper  descr ib ing t h e  results 
o f  o u r  analyses, m a d e  a  n u m b e r  of i n f o r m a l  presentations, a n d  u p d a t e d  o u r  fi les a n d  mor ta l i t y  analyses. 

S t a t i s t i c a l  H e a l t h  E f f e c t s  Study 

E. S. G i l b e r t  

Our p r i m a r y  o b j e c t i v e  i s  an adequate 
a n a l y s i s  o f  Hanford m o r t a l i t y  and exposure 
data, u s i n g  t h e  most appropr ia te  and sens i-  
t i v e  methods a v a i l a b l e .  The m o r t a l i t y  ana l-  
y s i s  has now been updated t o  i n c l u d e  severa l  
hundred a d d i t i o n a l  deaths t h a t  occurred up 
t o  Mav 1, 1977 ( i n s t e a d  o f  A p r i l  1, 1974, as 
i n  p rev ious  analyses). Resu l t s  o f  t h e  new 
a n a l y s i s  are presented i n  Table 1. Al though 
t h e r e  are t h r e e  new deaths f rom cancer o f  
t + e  stomach i n  the  h ighes t  exposure group 
(15+  rem), r e s u l t s  are no t  changed i n  any 
impor tan t  way f rom e a r l i e r  analyses. 

The work ing master f i l e  a t  P a c i f i c  Nor th-  
west Labora to ry  i s  be ing updated t o  i n c l u d e  
workers employed a f t e r  1974, as w e l l  as t h e  
most recen t  exposure and m o r t a l i t y  da ta  on 
a l l  workers. Th is  task i n v o l v e s  e d i t i n g  and 
r e s o l v i n g  d isc repanc ies  among t h r e e  major 
f i l e s ,  as w e l l  as summarizing ex tens ive  
occupa t iona l  h i s t o r i e s .  

f u t u r e  a c q u i s i t i o n ,  t h e  adequacy o f  q u a l i t y  
c o n t r o l  procedures, and methods o f  ma in ta in-  
i n g  f i l e s  f o r  g r e a t e s t  u t i l i t y  and access i-  
b i l i t y .  Other ques t ions  t h a t  are be ing  
explored a re  t h e  completeness o f  Soc ia l  
S e c u r i t y  A d m i n i s t r a t i o n  ascer ta inment  and 
t h e  q u a l i t y  o f  death c e r t i f i c a t e  d iagnosis .  

Current  research e f f o r t s  i n c l u d e  an i n -  
v e s t i g a t i o n  o f  methods o f  e s t i m a t i n g  t h e  
p o t e n t i a l  o f  occupa t iona l  exposure data f o r  
assessing r i s k s  f rom r a d i a t i o n  exposure, 
us ing  data f rom t h e  Hanford p o p u l a t i o n  f o r  
i l l u s t r a t i o n .  Ques t ions  o f  i n t e r e s t  concern 
t h e  advantages and disadvantages o f  u s i n g  an 
e x t e r n a l  p o p u l a t i o n  f o r  comparison, devel-  
oping express ions f o r  conf idence l i m i t s  f o r  
r i s k s  and f o r  t h e  power o f  v a r i o u s  proce-  
dures, and t h e  r e l a t i v e  m e r i t s  o f  v a r i o u s  
a n a l y t i c a l  techniques and approaches t o  
hand l ing  t h e  dos imetry  data. 

Dur ing t h e  pas t  year, a  paper d e s c r i b i n g  
t h e  r e s u l t s  o f  our  analyses was p u b l i s h e d  i n  
R a d i a t i o n  Research ( G i l b e r t  and Marks 1979), 
and severa l  o r a l  p resen ta t ions  were made. 

Support i n  t h e  des ign and implementat ion 
o f  the  data c o l l e c t i o n  system f o r  t h e  s tudy  REFERENCE 
i s  p rov ided  t o  s t a f f  o f  t h e  Hanford Envi ron-  
mental H e a l t h  Foundation, who are respon- 
s i b l e  f o r  t h e  data c o l l e c t i o n  and are our  G i l b e r t ,  E.S., and S. Marks. 1979. "An 
j c i n t  i n v e s t i g a t o r s .  E f f o r t s  are under way Ana lys is  o f  t h e  M o r t a l i t y  o f  Workers i n  
t o  evaluate t h e  p o t e n t i a l  usefu lness o f  da ta  a  Nuclear  F a c i l i t y . "  Rad. Res. 79:122-248. 
now i n  t h e  f i l e  o r  under c o n s i d e r a t i o n  f o r  



TABLE 1. Observed and Expected Deaths Due to Selected Causes by Exposure Category for Monitored White 
Males Employed at Least Two-Years. Exposures are lagged for two years (includes deaths up to May 1, 1977, see text).(a) 

Fxposure Cdtegory 
0-2 rem 2-5 rem 5-15 rem 15+ rcm 

Probabil~ty 
of Trend 

Aris~ng Due 
to Chanceic) 

Exposure 
Score for 

Person Years 
Cause of Death 

All causes 

All mal~gnant neoplasm5 (140-209)(~) 

M N of buccal cav~ty (140-149) 

M N of stomach (151) 

173.254 
Obs. Exp -- 

32.653 
Obr. Exp. -- 
263 261 3 

21.609 
Obs. Exp. -- 
144 1478 

11,159 
Obs txp. -- 

90 99.2 

Trend Test 
Obs. Exp. -- 

M N of large lntestlne (153) 

M N of pancreas (1571 

M.N. of other d~gest~ve organs 
(150, 152, 155-6) 

M.N. of lung (162) 

M.N.  of prostate (185) 

M.N. of b ran  (191-2) 

Lymphosarcoma and reticulum 
cell sarcoma (200) 

Hodgkins disease (201) 

Myeloid leukemia (205) 

Other leukemia (204, 206-7) 

Mu l t~p le  myeloma (203) 

Other M.N. of lymphatic and 
hematopoietic tissue (202,208-9) 

All other M.N. 

All noncancer causes 

( a ) ~ e e  Radiation Research 79:122 for complete details. Table I above 1s an updated verslon of Table V l l l  from this 
paper. 

(b)~xpected deaths are calculated from the experience of all workers ~n the exposure study, allowing for calendar 
year, occupation, and employment status. 

( C ) ~ h e  significance levels are for a one-ta~led test and are calculated urlng d normal approxlmatlon. For M.N. of 
the pancreas, other digestive organs, and prostate, the true levels are somewhat larger than those glven. 

( d ) l ~ ~  codes. 
( e ) ~ h i s  probability calculated exactly. 



Urinary Excretion of Metals and DTPA 

U r i n e  samples f r o m  a  person  t rea ted  in t ravenously  w i t h  diethylenetriaminepentaacetic ac id (DTPA) 
salts t o  p r o m o t e  t h e  exc re t ion  o f  2 4 1 A m  w e r e  assayed f o r  metals a n d  DTPA. Z i n c  was t h e  o n l y  essential 

b o d y  meta l  exc re ted  faster t h a n  normal .  Use o f  e i the r  Na3ZnDTPA o r  Na3CaDTPA c o m b i n e d  w i t h  ora l  
dosages o f  ZnSO, appeared  to c o m p l e t e l y  compensa te  f o r  th is  r a p i d  loss. M a n y  u r i n e  samples w e r e  
assayed f o r  DTPA b y  t h e  sensitive m e t h o d  d e v e l o p e d  last year, b u t  bacter ial  degradat ion obscured  any 
DTPA-excret ion patterns. 

U r i n e  Ana lys is  f o r  E s s e n t i a l  Body Meta ls  and 
DTPA S a l t s  

D. R. Kalkwar f ,  V.  W. Thomas, K. K. Nie lson,  
M. L. Mauch, R.  A. Gelman, V.  Smith 

Treatment o f  a  person w i t h  b o t h  ca lc ium 
and z i n c  s a l t s  o f  d i e t h y l e n e t r i a m i  ne- 
p e n t a a c e t i c  a c i d  (DTPA t o  enhance h i s  
e x c r e t i o n  o f  i nges ted  J41Am prov ided  a  
r a r e  o p p o r t u n i t y  t o  t e s t  f o r  s i d e  e f f e c t s  o f  
t h i s  t h e r a p e u t i c  method i n  man. The pur-  
poses o f  t h i s  p r o j e c t  were (1) t o  t e s t  f o r  
enhanced u r i n a r y  e x c r e t i o n  o f  e s s e n t i a l  body 
meta ls  d u r i n g  t h e  v a r i o u s  DTPA- in ject ion 
schedules and ( 2 )  t o  determine t h e  r e l a t i o n -  
s h i p  between t h e  i n j e c t e d  amounts o f  DTPA 
and those excreted i n  t h e  u r i n e .  Th is  i n -  
f o r m a t i o n  i s  needed t o  guide p h y s i c i a n s  i n  
r e g u l a t i n g  the  dosage o f  DTPA s a l t s  d u r i n g  
t h e  t rea tment  o f  p a t i e n t s  contaminated w i t h  
r a d i o n u c l i d e s  and t o  judge t h e  adequacy o f  
animal models f o r  p r e d i c t i n g  t h e  e f f e c t s  o f  
DTPA s a l t s  i n  man. 

Ana lys is  o f  568 u r i n e  specimens by energy- 
d ispers ive ,  x- ray  f l uo rescence  and s e l e c t i v e -  
i o n  e l e c t r o d e  measurements showed t h a t  z i n c  
was t h e  o n l y  e s s e n t i a l  meta l  excreted f a s t e r  
than  normal i n  t h e  course o f  s i x  d i f f e r e n t  
DTPA i n j e c t i o n  schedules. Use o f  e i t h e r  
Na3ZnDTPA o r  Na3CaDTPA combined w i t h  o r a l  
dosages o f  ZnSOq appeared t o  comp le te ly  
compensate f o r  t h i s  loss .  A  s u b s t a n t i a l  
number o f  u r i n e  samples were assayed f o r  
t o t a l  DTPA species by  t h e  procedure devel-  
oped l a s t  year, and a l though t h e  s e n s i t i v i t y  
o f  t h e  method was adequate, t h e r e  appeared 
t o  be no q u a n t i t a t i v e  c o r r e l a t i o n  between 
t h e  amounts o f  DTPA i n j e c t e d  and those ex- 
creted.  I t  was concluded t h a t  b a c t e r i a l  
degradat ion obscured any DTPA-excretion 
p a t t e r n s .  

The u r i n e  samples were prepared and 
analyzed by t h e  methods descr ibed  i n  l a s t  
y e a r ' s  r e p o r t  (Ka lkwar f  e t  a l .  1979, p. 4.3).  
The ranges o f  va lues t h a t  were found a re  
shown i n  Table 2, toge ther  w i t h  those f o r  
u r i n e  specimens f r o m  14 h e a l t h y  male vo lun-  
teers ,  measured by  t h e  same procedures, and 

TABLE 2. Concentration Ranges for Elements in Normal 
Urine, Volunteer's Urine, and Patient's Urine in Mg/R 

Normal 
Element ~ a n ~ e i a !  

As* (0.2-2) x 10-3 
Br 1-7 
Ca* (0.5-5) x 10.' 
CI' (4-7) x 10' 
Cr (0.07-1) x 10.' 
Co (0.01-3) x 10.' 
Cu* 0.01-0.3 
F * 0.4-4 
C d  0.04 
Fe* 0.1-1 
Pb (0.1-1) x 10-1 
Mn* 0.0002-2 

(0.01-1) x 10.' ?* (0 02-9) x 10-1 
P *  (0.5-1) x 10' 
K' (1-3) x 10' 
Rb 1-3 
Se* (0.2-2) x 10-1 
Si* (4-6) x 10' 
Na* (3-5) x 10' 
Sr' (1-4) x 10-1 
S* (0.8-2) x 10' 
T i  * (0.1-5) x 10.' 
V* (0.i-3) x 10-2 
Zn* 0.04-1 

Volunteers' 
Range 

(c0.1-0.6) x'10-' 
1-8 
(1-7) x 10.' 
(2-12) x 10' 
(~1.22) x 10-2 
(<0.01-1) x lo-' 
0.06-0.4 
0.1-1 
c0.1 
0.1-1 
(0.4-9) x 10-3 
<O.Ol-0.2 
(0.1-0.3) x lo- '  
CO.2-1) x lo-' 
(0.2-2) x 10' 
(0.4-5) x 10' 
0.4-2 
(0.1-0.3) x lo-' 
(<0.1) x 10' 
(1.20) x 103 
(<0.2-0.5) x lo-' 
(0.2-2) x 10' 
(3-40) x 10.' 
(4) x 10.' 
0.1-1 

Par~ent's 
Range 

( 4 1 - 0 . 0 3 )  x lo-' 
0.02-4 
(0.1-7) x 10.' 
(2-12) x 10' 
(1-27) x 10.' 
(0.03-7) x lo-' 
0 01-0.6 
0 04-2 
<0.1-0.4 
0.03-6 
(0.03-10) x lo-' 
0.007-0 2 
(0.04-3) x lo-' 
(0.02-1) x lo- '  
(0.03-1) x 10' 
(0.9-3) x 10' 
0.03-2 
(0.007-0.2) x lo-' 
(0.01-0.7) x 10' 
(0.3-7) x 10' 
(0.05-3) x lo-' 
(0.01-0.6) x 10' 
(0.5-90) x lo-' 
(2-50) x 10.' 
0.25-450 

(a)lyengen, Kollrner and Bowen, 1978 
* Essent~al for normal metabol~srn 



ranges r e p o r t e d  i n  a  r e c e n t  e v a l u a t i o n  of 
normal u r i n e  compos i t i on  ( I y e n g e r ,  K o l  lmer  
and Bowen 1978).  Elements shown w i t h  an 
a s t e r i s k  a re  cons ide red  e s s e n t i a l  f o r  normal 
me tabo l i sm ( I y e n g e r ,  K o l  lmer  and Bowen 1978) .  
F o r  most elements,  t h e  c o n c e n t r a t i o n  range  
i n  u r i n e  cove rs  an o r d e r  o f  magni tude i n  
va lues .  Genera l l y ,  c o n c e n t r a t i o n s  found  i n  
v o l u n t e e r s '  u r i n e  f e l l  w i t h i n  t h e s e  ranges, 
b u t  t h e  upper l i m i t s  t o  t h e  ranges f o r  ch ro-  
mium, lead, sodium, and t i t a n i u m  were more 
t q a n  doub le  t h o s e  f o r  t h e  normal ranges. 
These d i f f e r e n c e s  may b e  due t o  b i a s e s  i n  
t h e  a n a l y t i c a l  methods used, b u t  t h e y  a r e  
more l i k e l y  due t o  d i e t a r y  f a c t o r s  o r  sample 
contami n a t i o n .  

D u r i n g  t h e  t h r e e- y e a r  t r e a t m e n t  p e r i o d ,  
z i n c  was t h e  o n l y  e s s e n t i a l  body m e t a l  ex- 
c r e t e d  by t h e  p a t i e n t  a t  r a t e s  t h a t  were 
c o n s i s t e n t l y  more t h a n  t w i c e  t h e  upper  l i m i t s  
f o r  b o t h  t h e  l i t e r a t u r e  and v o l u n t e e r - a s s a y  

ranges. S i x  i n j e c t i o n  schedules  were used: 
1 g  Na3CaDTPA112 hr ,  0.5 g  Na3CaDTPA/12 hr,  
1 g Na3CaDTPAl24 hr,  1 g  Na3ZnDTPA/12 hr ,  
1 g  Na3ZnDTPAl24 hr,  and 1 g  Na3ZnDTPA/72 h r .  
A c o r r e l a t i o n  between t h e  c o n c e n t r a t i o n  o f  
z i n c  e x c r e t e d  and t h e  amount o f  Na3CaDTPA 
i n j e c t e d  d u r i n g  t h e  f i r s t  week o f  t r e a t m e n t  
i s  shown i n  F i g u r e  1. O c c a s i o n a l l y ,  c o b a l t ,  
g a l l i u m ,  i r o n ,  mercury,  t i t a n i u m ,  and vana- 
dium were e x c r e t e d  a t  c o n c e n t r a t i o n s  t h a t  
were more t h a n  t w i c e  t h e  upper  l i m i t s  f o r  
b o t h  t h e  l i t e r a t u r e  and v o l u n t e e r - a s s a y  
ranges. However, no c o r r e l a t i o n  was seen 
between t h e i r  e x c r e t i o n  r a t e s  and t h e  DTPA 
i n j e c t i o n s ,  so t h e  o c c a s i o n a l  h i g h  v a l u e s  
were a t t r i b u t e d  t o  d i e t a r y  changes o r  sample 
contami  n a t i o n .  

S i n c e  i n c r e a s e d  e x c r e t i o n  o f  z i n c  had 
been a n t i c i p a t e d ,  two methods were used t o  
c o u n t e r a c t  t h i s  l o s s .  Soon a f t e r  t h e  
Na3CaDTPA was i n j e c t e d ,  z i n c  s u l f a t e  was 

TIME. DAYS 

FIGURE 1. Variation in the Patient's Urinary Zinc Concentration with Time and Treatment. Downward-pointing arrows 
indicate times for I-gram injections of either Na,CaDTPA (Ca) or Na,ZnDTPA (Zn). Upward-pointing arrows indicate times for 
oral administration of 220-mg zinc sulfate capsules. 



admin is tered o r a l l y  a t  t h e  r a t e  o f  220 mg/ 
day (89 mg z inc/day) .  E x c r e t i o n  data ob- 
t a i n e d  be fo re  these s u ~ o l e m e n t s  were used 
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Radioisotope Customer List 

Rad io iso tope  Customer L i s t  
J. S. B u r l i s o n  

The purpose o f  t h i s  program i s  t o  prepare 
and d i s t r i b u t e  t h e  annual document e n t i t l e d  
L i s t  o f  DOE Radio isotope Customers w i t h  Sum- 
mary o f  Radio isotope Shipments FY-1978. 
Th is  document l i s t s  t h e  FY -1978 commercial 
r a d i o i s o t o p e  p roduc t ion  and d i s t r i b u t i o n  
a c t i v i t i e s  o f  the  Department o f  Energy (DOE) 

f a c i l i t i e s  a t  Argonne Nat iona l  Laboratory ,  
Brookhaven N a t i o n a l  Laboratory ,  Hanford 
Engineer ing Development Laboratory ,  Idaho 
Operat ions O f f i c e I A e r o j e t  Nuclear  Co., Los 
Alamos S c i e n t i f i c  Laboratory ,  Mound F a c i l i  - 
t y ,  P a c i f i c  Northwest Laboratory ,  Oak Ridge 
N a t i o n a l  Laboratory ,  Savannah R i v e r  P l a n t /  
DOE, and Un i ted  Nuclear  I n d u s t r i e s ,  I n c .  
The r e p o r t  was d i s t r i b u t e d  i n  May 1979. 
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Washington, DC 20545 

C. E i f e r t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

S e c r e t a r y  For  
Environment 

Washington, DC 20545 

No. of 
Copies 

H. C.  F i e l d  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  F o r  
Environment 

Washington, DC 20545 

T. G. Frangos 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

R. E. F r a n k l i n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

P .  M. Gerhardt  
Department o f  Energy 
O f f i c e  of t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

A. J. Goldberg 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

M. G o t t l i e b  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20K45 

C. Grua 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

G. L. Hagey 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20545 

T. R .  H a r r i s  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  F o r  
Environment 

Washington, DC 20545 

No. o f  
Copies 

N. P. H a r t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  F o r  
Environment 

Washington, DC 20545 

E. B. Harvey 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  F o r  
Envi  ronnient 

Washington, DC 20545 

J. C. Hock 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  For  
Environment 

Washington, DC 20515 

H. L. H o l l i s t e r  
Department o f  Energy 
A c t i n g  Deputy A s s i s t a n t  

Secre ta ry  f o r  Research 
O f f  i c e  o f  Environment 
Was h i  ngton, DC 20545 

P. W. House 
Department o f  Energy 
A c t i n g  Deputy A s s i s t a n t  

S e c r e t a r y  f o r  Research 
O f f i c e  o f  Environment 
Washington, DC 20545 

C. A. J o l l y  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

A. M. Katz  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

G. R. K e l l y  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi  ronnient 

Washington, DC 20545 

G. E. K l e y  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 



No. o f  
Copies 

R. L. L e i t h  
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. L i l l i a n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

W. J. L i t t l e ,  J r .  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. A. L i t v i n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronment 

Washington, DC 20545 

N. K. Lobe 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

J. N. Maddox 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

J. R. Maher 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environnient 

Washington, DC 20545 

N. E. Marsh 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

S. P. Mathur 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

No. o f  
Copies 

D. D. Mayhew 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

H. M. McCammon 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronnient 

Washington, DC 20545 

W. J. McCool 
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronnient 

Washington, DC 20545 

T. McCraw 
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

B. F. McCul ly  
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

C. E. M i l l e r ,  J r .  
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

M. L. Minthorn,  J r .  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. R. Mont i  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. 0. Moses 
Department of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

No. o f  
Copies 

W. E. M o t t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

R. Newton 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

F. H. Osterhoudt 
Department o f  Energy 
O f f i c e  of t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. E. P a t t e r s o n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

A. F. Perge 
Department of Energy 
O f f i c e  of t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

R. W. Ramsey 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washi ngton, DC 20545 

A. Roemer 
Department of Energy 
O f f i c e  of t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

S. L. Rose 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. M. Ross 
Departnient of Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 



No. o f  
Copies 

G. J. R o t a r i u  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

M. V. S a s t r y  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronment 

Washington, DC 20545 

M. Schloss 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

S. Schneider 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

M. Schulman 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

G. R. Shepherd 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

R.  J. Shu l l  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronment 

Washington, DC 20545 

0. H. Slade 
Department o f  Energy 
O f f  i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

D. A. Smith 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

No. o f  
Copies 

R. J. S t e r n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

J. Swinebroad 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

C. Toussa in t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

W. N. Thomasson 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

E. J. V a l l a r i o  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

J. V i r e n  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

8. W. Wachholz 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

H. F. Wa l te r  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

R. L. Watters 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

No. o f  
Copies 

S. We ins te in  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronment 

Washington, DC 20545 

C. J. We l ty  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

J. C. Whitnah 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

E. R. W i l l i a m s  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Envi ronment 

Washington, DC 20545 

W. G. Wi lson 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

F. E. 'Witmer 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

R. W. Wood 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Environment 

Washington, DC 20545 

T. J. Dobry 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Techno1 ogy 

Washington, DC 20545 

F. A. Koomanoff 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 



No. o f  
Copies 

C. Kuhlman 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

G. O r t e l  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

H. E. Thomas 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Techno1 ogy 

Washington, DC 20545 

J. M. Deutch 
Department o f  Energy 
O f f i c e  o f  t h e  

Undersecretary  
Washington, DC 20545 

C. W. F i scher  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Research 

Washington, DC 20545 

G. C. Facer 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Defense 
Programs 

Washington, DC 20454 

G. B. P l e a t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Defense 
Programs 

Washington, DC 20454 

A. N. H e l l e r  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Admin. f o r  Conservat ion 
Washington, DC 20545 

W. E. L o t z  
EPRI 

No. o f  
Copies 

J. R. Roeder 
DOE - Albuquerque 

Operat ions O f f i c e  
P.O. Box 5400 
A1 bu,querque, NM 87115 

J. F. Stevens 
Dayton Area O f f i c e  
DOE - Albuquerque 

Operat ions O f f i c e  
P.O. Box 66 
Miamisburg, OH 45342 

E. W. Bean 
Rocky F l a t s  Area O f f i c e  
DOE - Albuquerque 

Operat ions O f f i c e  
P.O. Box 928 
Golden, CO 80401 

D. M. Gard iner  
DOE - Chicago Operat ions 

O f f  i c e  
9800 South Cass Avenue 
Argonne, I L  60439 

J. H. Spickard 
DOE - Idaho Operat ions 

Commission 
550 Second S t r e e t  
Idaho F a l l s ,  I D  83401 

M. M. Wi l l iamson 
DOE - Idaho Operat ions 

Commission 
550 Second S t r e e t  
Idaho F a l l s ,  I D  83401 

P. B. Dunnaway 
DOE - Nevada Operat ions 

O f f i c e  
P.O. Box 14100 
Las Vegas, NV 89114 

M. E. Gates 
DOE - Nevada Operat ions 

O f f i c e  
P.O. Box 14100 
Las Vegas, NV 89114 

R. Ray 
DOE - Nevada Operat ions 

O f f  i ce 
P.O. Box 14100 
Las Vegas, NV 89114 

1800 Massachusetts Avenue NW J. A. Lenhard 
S u i t e  7000 DOE - Oak Ridge 
Washington, DC 20036 Operat ions O f f i c e  

P.O. Box E 
Oak Ridge, TN 37830 

No. o f  
Copies 

J. Roberston, D i r e c t o r  
DOE - Region ~X O f f i c e  
1992 Federa l  Bu i  1 d i n g  
915 Second Avenue 
S e a t t l e ,  WA 98174 

C. Jackson 
DOE - San Franc isco  

Operat ions O f f i c e  
133 Broadway 
We1 1s Fargo B u i l d i n g  
Oakland, CA 94616 

B. Morgan 
DOE - Savannah R i v e r  

Operat ions O f f  i c e  
P.O. Box A 
Aiken, SC 29801 

W. Reese 
DOE - Savannah R i v e r  

Operat ions O f f i c e  
P.O. Box A 
Aiken, SC 29801 

J. S. B a l l  
B a r t l e s v i l l e  Energy 

Research Center 
Department o f  Energy 
P.O. Box 1398 
B a r t l e s v i l l e ,  OK 74003 

G. H. Gronhovd 
Grand Forks Energy 

Research Center 
Department o f  Energy 
Box 8213, U n i v e r s i t y  

S t a t i o n  
Grand Forks, ND 58202 

A. W. Decora 
Laramie Energy 

Research Center 
Department o f  Energy 
P.O. Box 3395 
U n i v e r s i t y  S t a t i o n  
Lararnie, WY 83071 

A. A. P i t r o l o  
Morgantown Energy 

Research Center 
Department o f  Energy 
P.O. Box 880 
Morgantown, WV 26505 

I .  Wender 
P i t t s b u r g h  Energy 

Research Center 
4800 Forbes Avenue 
P i t t s b u r g h ,  PA 15213 



No. o f  
Copies 

B. M. E r i ckson  
DOE - Schenectady Naval 

Reactors O f f  i c e  
P.O. Box 1069 
Schenectady, NY 12301 

T. M. Schoenberg 
DOE - Schenectady Naval 

Reactors O f f i c e  
P.O. Box 1069 
Schenectady, NY 12301 

NRC Adv iso ry  Committee 
on Reactor  Safeguards 

Washington, DC 20555 

R. Alexander 
Nuclear Regu la to ry  

Commission 
Washington, DC 20545 

W. Cool 
Nuclear R e g u l a t o r y  

Commission 
Washington, DC 20545 

Frank Swanberg 
Nuclear R e g u l a t o r y  

Commission 
Washington, DC 20545 

J. J. Davis  
A s s i s t a n t  D i r e c t o r  o f  

Research 
Nuclear  Regu la to ry  

Commission 
Washington, DC 20545 

R. A. Scarano 
Nuclear  Regu la to ry  

Commission 
M i l l  L i c e n s i n g  Sec t ion  
Washington, DC 20545 

W. R. Ney 
Execu t i ve  D i r e c t o r  
N a t i o n a l  Counci l  on 

R a d i a t i o n  P r o t e c t i o n  
and Measurement 

7910 Woodmont Avenue 
S u i t e  1061 
Washington, DC 20014 

M. G o t t l i e b  
Env i ronven ta l  P r o t e c t i o n  

Agency 
O f f i c e  o f  R a d i a t i o n  

Programs 
Washi ngton, DC 20545 

No. o f  No. o f  
Copies Copies 

J. H. H a r l e y  Technica l  I n f o r m a t i o n  
Environmental M o n i t o r i n g  S e r v i c e  

Labora to ry  Room 773A 
375 Hudson St.  Savannah R i v e r  
New York, NY 10014 Labora to ry  

E. I. DuPont de Nemours 
W. M i l l s  and Company 
Envi ronmenta l  P r o t e c t i o n  Aiken, SC 29801 

Agency 
Washington, DC 20460 E. L. A lpen 

Lawrence B e r k e l e y  
D. Smith L a b o r a t o r y  
Environmental P r o t e c t i o n  U n i v e r s i t y  o f  C a l i f o r n i a  

Agency B u i l d i n g  90, Room 2056 
Washington, DC 20460 No. 1 C y c l o t r o n  Road 

Berkeley, CA 94720 
W. K. S i n c l a i r  
Argonne Nat iona l  L i b r a r i a n  

Labora to ry  Lawrence R a d i a t i o n  
9700 South Cass Avenue L a b o r a t o r y  
Argonne, I L  60439 U n i v e r s i t y  o f  C a l i f o r n i a  

Technica l  I n f  o rmat ion  
V. P. Eond Dept., L-3 
Brookhaven N a t i o n a l  P.O. Box 808 

Labora to ry  Livermore, CA 94550 
Upton, Long Is land ,  NY 11973 

M. L. Mendelsohn 
L i b r a r i a n  U n i v e r s i t y  o f  Cal i f n r n i a  
Research L i b r a r y ,  Lawrence L ive rmore  

Reference L a b o r a t o r y  
Brookhaven N a t i o n a l  P.O. Box 808 

Labora to ry  Livermore, CA 94550 
Upton, Long Is land ,  NY 11973 

J. W. Hea ly  
C. B. Meinhold Los Alamos S c i e n t i f i c  
Brookhaven N a t i o n a l  L a b o r a t o r y  

Labora to ry  U n i v e r s i t y  o f  C a l i f o r n i a  
Upton, Long Is land ,  NY 11973 P.O. Box 1663 

Los Alamos, NM 97545 
J. A. Aux ie r  
Oak Ridge N a t i o n a l  L i b r a r i a n  

Labora to ry  Los Alamos S c i e n t i f i c  
P.O. Box X Labora to ry  
Oak Ridge, TN 37830 P.O. Box 1663 

Los Alamos, NM 87544 
C .  R. Richmond 
Oak Ridge N a t i o n a l  D. F. Petersen 

Labora to ry  U n i v e r s i t y  o f  Cal i f o r n i a  
P.O. Box X Los Alamos S c i e n t i f i c  
Oak Ridge, TN 37830 L a b o r a t o r y  

P.O. Box 1663 
R. M. J e f f e r s o n  Los Alamos, NM 87545 
Sandi a L a b o r a t o r i e s  
P.O. Box 5800 G. L. Voelz 
Albuquerque, NM 87187 U n i v e r s i t y  o f  C a l i f o r n i a  

Los Alamos S c i e n t i f i c  
K. A. Smith L a b o r a t o r y  
Sandia L a b o r a t o r i e s  P.O. Box 1663 
P.O. Box 5800 Los Alamos, NM 87545 
Albuquerque, NM 87187 



No. o f  No. o f  No. o f  
Copies Copies Copies 

R. 0. McCle l lan  D i r e c t o r  Andrew McLean 
I n h a l a t i o n  Tox ico logy  Comnionwealth S c i e n t i f i c  N a t i o n a l  R a d i o l o g i c a l  

Research I n s t i t u t e  and I n d u s t r i a l  P r o t e c t i o n  Board 
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