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UNITED STATES ATCMIC ENERGY COMMISSION 

FINAL ENVIRONMENTAL STATEMENT- - CANNIKIN 

JUNE 1971 

Environmental Impact--Sullwary 

CANNIKIN i s  a proposed underground nuclear  test of less than f i v e  
megatons t o  be f i r e d  about 6,000 f e e t  underground i n  a f u l l y  stemmed 
hole  on  Amchitka I s l and ,  Alaska, i n  the  autumn of 1971. It i s  a v i t a l  
p a r t  of t he  U. S. weapons development program. 

Preparatory t o  CAMJIKIN, a test c a l l e d  MILROW, which had a y ie ld lof  
about one megaton, was conducted on Amchitka on October 2 ,  1969. 
Its s o l e  purpose was t o  ob ta in  d a t a  concerning the  phys ica l  and bio-  
l o g i c a l  e f f e c t s  of a high-yield underground explosion upon t h e  
Amchitka environment, and t o  provide an experimental  b a s i s  f o r  p r e d i c t i o n  
of CANNIKIN e f f e c t s .  MILROW behaved about as predic ted  and d i d  not have 
any important  long-term impact on the  environment. 
e f f e c t s  provided valued evidence t h a t  CANNIKIN can a l s o  be f i r e d  with-  
ou t  important  de t r imen ta l  impact. 

The observed MILROW 

The p r i n c i p a l  environmental e f f e c t s  of CANNIKIN a r e  those r e s u l t i n g  
from occupat ion of Amchitka by a work f o r c e  of some hundreds of men. 

The m o s t  probable  e f f e c t s  of t he  CANNIKIN explosion i t s e l f  should be 
l o c a l i z e d ,  wi th  l i t t l e  a l t e r a t i o n  t o  the su r face  condi t ions  o r  any 
long-term damage to b i o l o g i c a l  populations. However, both the  most 
probable e f f e c t s  and the  worst  conceivable  e f f e c t s  of CANNIKIN have 
been considered . 
Like MILROW, CANNIKIN i s  expected t o  have only a minimal long-term 
impact on t h e  environment. Radioac t iv i ty  and hea t  w i l l  be trapped 
deep underground. The geologic s i t i n g ,  t he  depth  of b u r s t ,  and s t e m -  
ming procedures f o r  CANNIKIN have been chosen t o  a s su re  successfu l  con- 
tainment of t he  r a d i o a c t i v i t y  underground, most of which w i l l  be trapped 
i n  a matrix of g l a s s - l i k e  m a t e r i a l  formed from t h e  condensed and 
s o l i d i f i e d  rock gases .  

'Merritt, M. L., USAEC Nevada Operations Off ice ,  Physical  and 
Bio logica l  E f f e c t s  - MILROW Event. Report NVO-79 (Spr ing f i e ld ,  Va, 
22151: National  Technical Information Serv ice ,  U. S. Department 
of Commerce, December 1970). 
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S c i e n t i s t s  and engineers  do not  conceive of any process  by which a 
vent ing  of r ad ioac t ive  material could occur. However, i f  those 
expe r t s  were completely wrong, t he  g r e a t e s t  conceivable vent ing 
would be a few percent  of t h e  t o t a l  r a d i o a c t i v i t y  produced by t h i s  
experiment. I n  t h i s  case, using extremely cau t ious  assumptions, t h e  
p o t e n t i a l  r a d i a t i o n  doses would be below a l l  of t he  r a d i a t i o n ' c r i t e r i a  
set by the  National Council on Radiat ion P ro tec t ion  and Measurements 
and t h e  I n t e r n a t i o n a l  Commission on Radiological  Pro tec t ion .  

Radioac t iv i ty  which is  s o l i d i f i e d  i n  t h e  rock-glass w i l l  be per-  
manently held i n  p lace  where i t  w i l l  g radual ly  decay. 
a c t i v i t y  w i l l  tend t o  remain a t  the  de tona t ion  po in t ,  s i n c e  i t s  
t r anspor t  from t h e  c a v i t y  by groundwater w i l l  be very slow and i n -  
e f f i c i e n t ,  u n t i l  i t  too has  v i r t u a l l y  disappeared by r ad ioac t ive  
decay i n  the  sub-surface environment. There is  no foreseeable  use 
of deep groundwater a t  t h i s  l oca t ion ,  and the  e f f e c t s  of the  pocket 
of r a d i o a c t i v i t y  w i l l  be n i l .  
active groundwater would reach t h e  sea commencing i n  two or t h r e e  
years ,  i n  which case ,  p o t e n t i a l  r a d i a t i o n  doses would again be below 
a l l  e s t a b l i s h e d  r a d i a t i o n  cri teria,  because of d i l u t i o n  by t h e  sea 
water. It is  not  conceivable  t h a t  CANNIKIN would cause release of 
underground r a d i o a c t i v i t y  from the  c a v i t i e s  which remain from the  
earlier MILROW and LONG SHOT tests. 

Other radio-  

The worst  conceivable release of rad io-  

A subsidence of 10 t o  100 f e e t  will probably remain a t  the  su r face  
over t he  explos ion  poin t .  Rock and ear ths l ides- -processes  which 
occur  commonly on Amchitka as the  r e s u l t  of n a t u r a l  forces- -wi l l  be 
momentarily acce le ra t ed .  Surface tears and cracks  i n  the  tundra and 
adjustments i n  dra inage  p a t t e r n s  assoc ia ted  wi th  chimneying and su r -  
f ace  subsidence i n  t h e  area c l o s e s t  t o  su r face  zero are t o  be a n t i c i -  
pated. 

The r o c k f a l l s  and e a r t h s l i d e s  along the  i s l a n d  coas t  i n t o  the  sea may 
a f f e c t  some b i r d  n e s t i n g  B i t e s .  
and two fa l con  n e s t i n g  sites wi th in  range of poss ib l e  c l i f f  f a l l s ,  but 
probably not  more than one nes t ing  si te w i l l  be destroyed. 
numerous o t h e r  nes t ing  sites a v a i l a b l e  t o  eagles  and fa lcons .  Also 
t h e r e  are o t h e r  spec ie s  of b i r d s  on t h e  i s l a n d  which would not be 
a f f ec t ed  by the  test. Moreover, t h e  proposed autumn f i r i n g  da te  avoids 
the  b i r d  nes t ing  season e n t i r e l y .  
as a r e s u l t  of CANNIKIN would damage o r  des t roy  one s i te  of archaeo- 
l o g i c a l  i n t e r e s t  p lus  the  e i g h t  eag le  n e s t i n g  sites and two fa l con  nes t -  
i n g  sites t h a t  are wi th in  about four  m i l e s .  
would also a f f e c t  bottom organisms but  would not  no t iceably  reduce t h e  
ava i l ab le  food supply f o r  f i s h  o r  sea o t t e r s .  

There are e i g h t  eagle nes t ing  sites 

There are 

The worst  conceivable  s l i d e  ac t ions  

S l i d e s  of t h a t  magnitude 

Very s m a l l  and loca l i zed  impact on the  freshwater  ecosystem of small 
l akes ,  ponds, and streams i s  an t i c ipa t ed .  Dolly Varden char  and salmon 
populat ions should not  be a f f ec t ed .  However, some minor loss of small 

L ......... -. ..... - ...... .~ . . . . . .  , . . . . .  . . . . . . . . .  . ...... _. . .  -. . .- 
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s c r a p f i s h  ( th reesp ine  s t i c k l e b a c k ) ,  and temporary reduct ion of 
plankton populat ions i n  ponds on t h e  i s l a n d  nea r  t h e  s u r f a c e  zero 
are t o  be  a n t i c i p a t e d .  A s  a worst  case, th reesp ine  s t i c k l e b a c k  
ranging i n  numbers up t o  a few thousand would be k i l l e d .  

The a n t i c i p a t e d  impact on marine ecosystems i s  r e l a t i v e l y  small. 
Some sea o t t e r s ,  es t imated a t  as many as 20 t o  100, could s u f f e r  
adverse e f f e c t s  due t o  overpressure,  but  t h e  eco log ica l  impact on 
t h e  t o t a l  populat ion (between 2,500 and 4,000) w i l l  be n e g l i g i b l e  
i n  comparison t o  t h e  impact of n a t u r a l  m o r t a l i t y  and of decreases  
due t o  h a r v e s t i n g  and t r a n s p l a n t i n g  (about 1,250 animals s i n c e  
1967). 

Some marine f i s h  of commercially important spec ie s  may be  k i l l e d  by 
shock, but  t h e  e f f e c t s  on t h e  t o t a l  f i s h  populations and t h e i r  food 
supp l i e s  w i l l  probably be undetectable.  
f i s h  k i l l e d  by t h e  shock ranges from a probable estimate of a few 
t o  an un l ike ly  estimate of between a few hundred and a few thousand. 

The p red ic t ed  number of 

No s i g n i f i c a n t  environmental impact can be expected from t h e  seismic 
a c t i v i t y  caused by t h e  CANNIKIN t e s t .  
test " t r igge r ing"  an earthquake wi th  seismic energy comparable t o  o r  
g r e a t e r  than t h a t  produced by t h e  explosion i t s e l f  i s  very un l ike ly .  
Since t h e  understanding of earthquake mechanisms i s  s t i l l  developing 
and is  no t  y e t  s u f f i c i e n t  f o r  exact  c a l c u l a t i o n s ,  t h e  p o s s i b i l i t y  of 
such an occurrence cannot be  ru l ed  out .  However, foremost seismo- 
l o g i s t s  have a s s e r t e d  t h a t  an explosion a t  Amchitka w i l l  no t  t r i g g e r  
a l a r g e  earthquake (defined as one r e l e a s i n g  as much o r  more seismic 
energy than t h e  explosion i t s e l f )  un le s s  t h e  occurrence of such an 
event is  imminent, very near  t o  t h e  t es t  s i t e .  I n  b r i e f ,  t h e  s i z e  and 
l o c a t i o n  of the CANNIKIN explosion, considered along with t h e  s i z e  
and frequency of n a t u r a l l y  occurr ing earthquakes and t h e  experience 
gained by observat ion of p a s t  nuc lea r  de tona t ions  and a f t e r shocks ,  
combine t o  i n d i c a t e  t h a t  i t  is  h igh ly  u n l i k e l y  t h a t  t h e  CANNIKIN 
explosion can, of i t s e l f ,  t r i g g e r  a seve re  earthquake. Furthermore, 
t h e  p o s s i b i l i t y  of t h e  CANNIKIN explosion o r  an earthquake causing 
a damaging tsunami (seismic sea wave) is  even more un l ike ly .  

The p o s s i b i l i t y  of t h e  CANNIKIN 

It is  important t o  emphasize t h a t  foremost s e i smolog i s t s  have care- 
f u l l y  weighed t h e  p o s s i b i l i t y  of t r i g g e r e d  seismic motion i n  reaching 
t h e i r  seismic p r e d i c t i o n s ,  t ak ing  i n t o  f u l l  cons ide ra t ion  t h a t ,  
h i s t o r i c a l l y ,  t h e  l a r g e s t  n a t u r a l  quake recorded nea r  Amchitka had 
a Richter  magnitude of about 8 and d id  n o t  cause a damaging tsunami. 
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The e f f e c t s  of CANNIKIN upon man are expected t o  be n i l .  About 
200 people w i l l  remain on t h e  i s l a n d  dur ing  the  sho t .  
be 23 m i l e s  away i n  s t r u c t u r e s  designed t o  withstand more than the  
pred ic ted  motion. The next nea res t  populated areas will be a t  
m i l i t a r y  bases on Adak and Shemya, about 200 miles away; people 
a t  those loca t ions  w i l l  ba re ly  f e e l  t he  motion. 

They will 

Other unavoidable environmental e f f e c t s  relate t o  cons t ruc t ion  
a c t i v i t i e s ,  inc luding  road work, campsite development, d r i l l i n g  
ope ra t ions ,  t he  use of borrow p i t s ,  and some of f - road  t r a f f i c  by 
t racked veh ic l e s .  The AEC and the  Department of t he  I n t e r i o r  a r e  
developing p lans  t o  a s su re  t h a t  areas d i s tu rbed  by AEC a c t i v i t i e s  
a t  Amchitka w i l l  be r e s to red  t o  a s a t i s f a c t o r y  cond i t ion  before  
t h e  AEX leaves t h a t  s i te.  

i 

n 

L .. ......... _____  ... I . . .  - . . . . . .  -- ......... .- . ...... I --- -~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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PART I 

RACKGROUND 

C A N N I K I N  is  an underground nuclear  t es t  which is a v i t a l  p a r t  of t he  
weapons development program of t h e  United States. IJhile i t s  y i e l d  
( l e s s  than 5 megatons*) w i l l  be  somewhat l a r g e r  than t h a t  of t he  YILROW 
tes t  conducted on Amchitka on October 2 ,  1969, t h e  phys ica l  e f f e c t s  
of CANNIKIN w i l l  he s u f f i c i e n t l y  comparable so t h a t  i t s  s a f e t y  and 
environmental impact can he predic ted  with confidence.  For purposes 
of re ference ,  a t es t  of 5 megatons a t  h c h i t k a  would have a body-wave 
magnitude on the  Richter  scale of about 7.0. This test  is p resen t ly  
planned f o r  t h e  autumn of 1971 a t  a depth of about 6,000 f e e t .  

WHY AMCHITKA? 

In  1966, i t  appeared t h a t  t he  Department of Defense (DOD) would soon 
ask t h e  AEC t o  design nuc lear  explosives  of y i e l d s  l a r g e r  than could 
be s a f e l y  t e s t e d  a t  the  e x i s t i n g  Nevada T e s t  S i t e ,  t h e  l i m i t a t i o n s  
the re  being ground motion and i ts  e f f e c t  on h igh- r i se  bui ld ings  i n  
Las Vegas. The AEC'S Nevada Operations Off ice  and i t s  con t r ac to r s  
and t h e  weapons l a b o r a t o r i e s  (Los Alamos S c i e n t i f i c  Laboratory,  
Lawrence Radiation Laboratory,  and Sandia Labora tor ies )  began t o  look 
f o r  supplemental test sites. The b a s i c  c r i t e r i a  were t h a t  t h e  si tes 
have geology proper f o r  t he  proposed tes ts  and f o r  containment of 
r e s u l t i n g  r a d i o a c t i v i t y  and t h a t  t h e  si tes be s u f f i c i e n t l y  remote t o  
give reasonable  assurance of s a fe ty .  Other si tes w e r e  evaluated i n  
the  western United S t a t e s ,  Alaska, and elsewhere.  Af te r  sc reening ,  
t h ree  sites remained t h a t  were considered poss ib ly  s a t i s f a c t o r y .  
These were: (1) Northwest of t h e  Brooks Range i n  Alaska, nea r  Cape 
Beaufort ;  (2)  Central  Nevada, nor th  of t h e  e x i s t i n g  NTS; and 
( 3 )  Amchitka I s land .  

A t  Cape Beaufort ,  it appeared t h a t  t h e r e  would be eco log ica l  problems; 
f o r  i n s t ance ,  important car ibou ca lv ing  grounds were i n  t h e  proximity.  
In  add i t ion ,  because i t  is almost i naccess ib l e  except by a i r ,  and 
s ince  weather t h e r e  is  very adverse,  i t  would he extremely d i f f i c u l t  
and c o s t l y  t o  prepare  and ope ra t e  a s i t e  i n  t h a t  a rea .  

* A megaton is equiva len t  t o  1,000,OOO tons  of chemical explos ive .  
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Of the  two remaining si tes,  each had i ts  own problems. The Cen t ra l  
Nevada Supplemental Test S i t e ,  as i t  is now c a l l e d ,  which i s - e f f e c -  
t i v e l y  e q u i d i s t a n t  from Las Vegas, Reno, and S a l t  Lake Ci ty  from t h e  
s tandpoin t  of ground motion,has l i m i t a t i o n s  t o  i ts  use because of 
pred ic ted  ground motion e f f e c t s  on h igh- r i se  bu i ld ings  i n  those  c i t ies  
and on vulnerable  bu i ld ings  in closer towns and ranches.  The choice 
of Amchitka n e c e s s i t a t e d  c a r e f u l  review along b i o l o g i c a l  and seismic 
l ines;  however, i ts  s e l e c t i o n  provided t h e  very  g r e a t  advantage of 
remoteness from human populat ions,  t he  a b i l i t y  t o  be suppl ied by 
sea a t  a l l  seasons, and t h e  ex i s t ence  of r e p a i r a b l e  a i r f i e l d s ,  
f a c i l i t i e s ,  and roads remaining from World War 11. 

'-, 

i 
Since Amchitka I s l and  is not  loca ted  i n  t h e  Arctic, i t s  weather is 
r e l a t i v e l y  mild. It can be suppl ied by sea dur ing  a l l  seasons.  Con- 
s t r u c t i o n  ope ra t ions  t h e r e  do not  contend with t h e  h o s t i l e  weather 
and permafrost  which p r e v a i l  i n  northwestern Alaska. 

GEOIDGIC HISTORY 

Amchitka I s l and  c o n s i s t s  of submarine and s u b a e r i a l  vo lcanic  rocks 
and volcanic  d e b r i s .  

The o l d e s t  rocks,  those i n  which the  CANNIKIN device is t o  be de tona ted ,  
c o n s i s t  mainly of a l t e r e d  fragmental  vo lcanic  d e b r i s  with a few sub- 
marine l a v a  flows which were depos i ted  about 50 mi l l i on  years  ago. 
This episode was followed by l o c a l  submarine volcanic  a c t i v i t y  which 
l e f t  l a v a  flows and obs id ian  b recc ia s .  This w a s  followed s h o r t l y  
by another  episode of volcanism which took p lace  elsewhere but  dumped 
coarse-grained submarine mudflows i n  t h i s  area about 37 t o  38 m i l l i o n  
years  ago. 

About 16  m i l l i o n  years ago, u p l i f t ,  e ros ion ,  and f a u l t i n g  took place 
accompanied by i n t r u s i o n  of a l a r g e  g r a n i t i c  mass. This appears t o  
have been a genera l  age of i n t r u s i v e  a c t i v i t y  throughout t h e  Aleut ian 
A r c ,  of which Amchitka is a p a r t .  

This  i n t r u s i v e  episode w a s  c l o s e l y  followed by i n t r u s i o n  of another  
l a r g e  g r a n i t i c  m a s s  about 12-14 m i l l i o n  yea r s  ago which broke through 
t o  t h e  s u r f a c e  and b u i l t  a volcano which w a s  e n t i r e l y  above sea l e v e l  
near  t he  w e s t  end of t he  i s l and .  Subsequent t o  t h i s ,  minor i n t r u s i o n s  
of b a s a l t  occurred about 10 m i l l i o n  yea r s  ago which r ep resen t  t h e  
las t  l o c a l  igneous a c t i v i t y .  

During t h e  P le i s tocene  epoch, i n  the  l as t  few mi l l i on  yea r s ,  f l uc tua -  
t i o n s  i n  sea l e v e l ,  both higher  and lower than p resen t ,  caused 
beve l l ing  of terraces around and across  the  i s l and .  Minor f a u l t i n g  
continued i n t o  the  P le i s tocene  but  appears  t o  have ceased p r i o r  t o  
the  l as t  g l a c i a l  s t age .  
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The i s l a n d  i s  surrounded by a terrace c u t  a t  present  sea level which 
is  bel ieved t o  have been eroded during t h e  p a s t  4,000 t o  5,000 years .  
This suggests  t h a t  t h e  i s l a n d  platform has no t  had s i g n i f i c a n t  vertical 
movement or  t i l t i n g  f o r  a t  least t h a t  l eng th  of t i m e .  

NATURAL H I  STORY 

Throughout most of i t s  l eng th ,  t h e  Aleut ian I s l and  Arc c o n s i s t s  of a 
mountainous r i d g e  of vo lcan ic  materials flanked on t h e  no r th  by a 
chain of active and quiescent  volcanoes and on t h e  south by the  sub- 
marine Aleut ian Terrace and Aleut ian Trench. Amchitka i t s e l f  has 
no volcanoes. It is  i n  the  Rat I s l a n d  group of t h e  western Aleut ian 
I s l a n d s ,  a t  l a t i t u d e  51.5'N, longi tude 179'E, approximately 1,400 
m i l e s  WSW of Anchorage and 2,500 miles W of S e a t t l e .  
about 42 m i l e s  long and v a r i e s  from 2 t o  4 miles i n  width. 
western t h i r d  of t he  i s l a n d  is mountainous, up t o  1,200 f e e t  e l e v a t i o n ;  
t he  e a s t e r n  two-thirds is less than 600 f e e t  above sea level.  

Amchitka is 
The 

The landscape is treeless, an archetype of a maritime tundra system. 
The climate d i f f e r s  from t h a t  of a r c t i c  and many a l p i n e  tundras  i n  
t h a t  i t  is  more uniform throughout t h e  yea r ,  and t h a t  t h e r e  is a 
high humidity. 
Dominant f a c t o r s  i n f luenc ing  the d i s t r i b u t i o n  of p l a n t  communities 
are temperature regimes, drainage,  s o i l  type,  and wind e ros ion .  I n  
t h e  mountain and p l a t eau  country of t h e  western t h i r d  of t he  i s l a n d ,  
vege ta t ion  is  l a r g e l y  r e s t r i c t e d  t o  stream bottoms and more o r  less 
f l a t  areas pro tec t ed  from t h e  wind. The e a s t e r n  t h i r d  of t h e  i s l a n d  
is  cha rac t e r i zed  by lowlands w i t h  numerous shallow lakes and ponds 
with l i t t l e  o r  no drainage c o l l e c t i o n s ,  everywhere covered by vege- 
t a t i o n ,  g iv ing  way i n  t h e  higher  c e n t r a l  t h i r d  t o  areas of more 
i n t e g r a t e d  drainage and g r e a t e r  wind e ros ion ,  with fewer l a k e s  and 
with patches of l a g  gravel  i n t e r r u p t i n g  t h e  cover. 
r i dge  tops and s lopes  are covered with a crowberry-lichen-grass 
community and the  poorly drained lowlands are dominated by sedges. 
Beach p l an t  communities are composed of g ra s ses  and s a l t - r e s i s t a n t  
succulents .  

Generally,  and e s p e c i a l l y  i n  t h e  boggy areas, p l a n t  p roduc t iv i ty  
exceeds decay and has produced peat  i n  t h e  f l a t s  t h a t  is a t  many 
p laces  s e v e r a l  meters th i ck .  

Natural  r evege ta t ion  of d i s tu rbed  areas on Amchitka is  s t rong ly  depen- 
dent on drainage and may be l i m i t e d  by a l a c k  of n u t r i e n t s .  
example, berms around Quonset hu t s  remaining from m i l i t a r y  occupation 
occur r ing  from 1942 t o  1951 are n i c e l y  covered with g r a s s ,  bu t  
numerous p i t s  dug f o r  gun emplacements o r  lookout p o i n t s  are f u l l  
of water and show f e w  s i g n s  of n a t u r a l  recovery. 

It is windy a t  a l l  seasons and i t  has  no permafrost .  

The better drained 

For 
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The barrenness  of t he  land is r e f l e c t e d  i n  the  fauna. 
manent land-dwelling mammal on t h e  i s l a n d  is the  Norway rat .  Fish 
food organisms of  l akes  and streams l i v e  t o  a l a r g e  e x t e n t  on a 
d e t r i t u s  economy. The h ighes t  t r o p i c  level i n  t h e  l a k e s  is repre- 
sented by t h e  Dolly Varden, s t i ck leback ,  and scu lp in .  The only 
o t h e r  f i s h  found in l and  are a few s i l v e r ,  pink, and sockeye salmon 
which spawn i n  t h e  e a r l y  autumn. One hundred spec ie s  of b i r d s  have 
been i d e n t i f i e d .  
endangered i n  t h e  southern states but  common i n  Alaska; t h e  emperor 
goose, which win te r s  on Amchitka; t he  win te r  wren; t h e  song sparrow, 
rare due t o  rat  p reda t ion ;  and t h e  peregrine f a l con ,  endangered 
elsewhere. 

The only per- 

Birds of s p e c i a l  i n t e r e s t  are the  bald e a g l e ,  

I n  r ecen t  yea r s  and u n t i l  1971, no Aleut ian Canada geese have bred 
on the i s l and .  This rare type of Canada goose i s  known t o  breed 
only on Bu ld i r  I s l a n d  and has  been e x t i r p a t e d  from o t h e r  Aleutian 
I s l a n d s ,  presumably by predat ion by introduced foxes. However, t h e  
Department of t h e  I n t e r i o r ,  having considered Amchitka a s u i t a b l e  
l o c a t i o n  f o r  t h e  reestabl ishment  of breeding populat ions of t h e s e  
geese,  t r ansp lan ted  75 of them t o  t h e  i s l a n d  i n  March 1971. 

The marine waters surrounding Amchitka have a high b i o l o g i c a l  produc- 
t i v i t y ,  as is c h a r a c t e r i s t i c  of t h e  n o r t h  P a c i f i c .  The in-shore 
waters support  a dense f l o r a  of a t t ached  a lgae ,  i nc lud ing  ex tens ive  
i n t e r t i d a l  k e l p  beds. The i n v e r t e b r a t e  fauna is r i c h  i n  s p e c i e s ,  
but  in shallow waters some of the  l a r g e r  ben th ic  forms such as 
sea urchins  t h a t  would be expected t o  be abundant are scarce due t o  
heavy predat ion by o t t e r s .  

P r i o r  t o  t h e  establ ishment  of t h e  AEC's bioenvironmental program on 
Amchitka, t h e  U. S. possessed l i t t l e  information on t h e  commercial 
f i s h e r y  r e sources  of t h e  Amchitka region,  except f o r  P a c i f i c  salmon. 
North American f i s h e r y  i n d u s t r i e s  s t i l l  do no t  f i s h  the waters of  
t he  more d i s t a n t  Aleut ians  except r e c e n t l y  a few king crab fishermen 
have f i shed  i s o l a t e d  s p o t s  i n  t h e  western Aleut ians .  
of t h a t  region are f i shed  by the  Japanese and Russians. 

The open seas 

Five s p e c i e s  of P a c i f i c  salmon migrate through the waters bordering 
Amchitka. These include the  sockeye o r  red salmon (Oncorhynchus 
nerka) ,  pink o r  humpback salmon (0. gorbuscha), chum or  dog salmon 
(0. k e t a ) ,  Chinook or  s p r i n g  salmon (0. tshawytsha),  and t h e  s i lver  
o r  coho salmon (0. k i su tch ) .  The salmon t h a t  f requent  t he  Amchitka 
area are not  homogeneous populat ions,  but  r ep resen t  mixed s tocks.  
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Some migrate  t o  western Alaskan waters f o r  spawning and o t h e r s  go t o  
streams of the  Asian coas t .  Approximately 90 percent  of t h e  sockeye 
o r i g i n a t e  from Alaskan spawning streams, and 10 percent  come from 
Asian waters. 
B r i s t o l  Bay and neighboring a reas .  
salmon o r i g i n a t e  from the  S iber ian  Arctic c o a s t ;  t he  remainder are 
p r imar i ly  from western Alaska with a few coming from areas bordering 
the  Gulf of Alaska. 
not occur i n  s i g n i f i c a n t  numbers i n  the  v i c i n i t y  of Amchitka. 

The Alaskan s tock  is mostly from spawning areas i n  t h e  
About 90 percent  of t h e  chum 

The o t h e r  t h r e e  spec ie s  of P a c i f i c  salmon do 

The P a c i f i c  ocean perch (Sebastes  a l u t u s )  is  another  marine f i s h  of 
commercial importance which is found i n  the  western Aleut ian region.  
Considerable numbers of t h i s  species are common a t  depths  of over  
100 fathoms i n  the  v i c i n i t y  of Amchitka during t h e i r  sunimer feeding  
per iod of April-May t o  September. Commercially s i g n i f i c a n t  numbers 
of t h i s  spec ie s  have been de tec t ed  by explora tory  t rawl ing  conducted 
by the  Univers i ty  of Washington F i s h e r i e s  Research I n s t i t u t e  under 
the  Amchitka Bioenvironmental Program. 

P a c i f i c  h a l i b u t  (Hippoglossus s t e n o l e p i s )  is t h e  most important 
bottom f i s h  i n  the  area. 
commercial f i s h  near  Amchitka's shores  i n  the  summer and f a l l .  
Limited survey da ta  i n d i c a t e  t h a t  cons iderable  numbers of immature 
h a l i b u t  i n h a b i t  t h e  in-shore waters around Amchitka dur ing  the  summer 
months. This  spec ie s  spawns along the  edge of t h e  c o n t i n e n t a l  s h e l f ,  
and a l l  known spawning areas are f a r  east of Amchitka. On t h e  Bering 
s i d e  of t he  I s l and ,  between 20 and 40 fathoms, t h e r e  appears  t o  be a 
nursery  area f o r  s e v e r a l  spec ie s  of f i s h  inc luding  h a l i b u t  and P a c i f i c  
cod. Only a few a d u l t  P a c i f i c  cod have been taken by explora tory  
t rawl ing ,  and they are most abundant a t  about 50 fathoms. Exploratory 
f i s h i n g  i n d i c a t e s  t h a t  t he  rock greenl ing  is by f a r  t h e  most abundant 
in-shore f i s h .  
is  an important food i t e m  of t he  sea o t t e r s .  

It a l s o  is probably t h e  most a v a i l a b l e  

This  spec ie s  is not  of commercial importance, bu t  i t  

Exploratory sampling f o r  c r abs  has not  l oca t ed  any commercially important 
popula t ions  immediately around Amchitka. 

Sea o t t e r s  (Enhydra l u t r i s )  were once widely d i s t r i b u t e d  along the  
P a c i f i c  coas t  of North America from the  western Aleut ians  to  southern 
Ca l i fo rn ia .  Following the  discovery of t h e  o u t e r  Aleut ian I s l ands  wi th  
t h e i r  r i c h  populat ion of sea o t t e r s  by t h e  Russian Bering expedi t ion  i n  
1741 ,  Russian f u r  hunters  soon began e x p l o i t i n g  the  Aleut ians '  o t t e r s  
f o r  t h e  Or i en ta l  market. In t ens ive  and unregulated f u r  hunting by the  
Russians and, later,  by the  Americans, almost e x t i r p a t e d  the  species. 
In 1911, they were placed under p ro tec t ion  by an i n t e r n a t i o n a l  t r e a t y  
and subsequent ly  t h e r e  w a s  a gradual  recovery of t he  o t t e r s  s t a r t i n g  from 
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a few s m a l l  groups t h a t  had escaped t h e  f u r  hunters .  
survived on Amchitka. 
about 10 percent  per yea r ,  reaching a peak of  about 4,500 i n  t h e  e a r l y  
1940's.' 
because they had deple ted  t h e i r  n a t u r a l  food suppl ies .  
by v i s u a l  and photographic methods have ind ica t ed  t h a t  t he  cu r ren t  
populat ion is  between 2,500 and 4,000 and apparent ly  is no longer  
dec l in ing .  
Alaska, u t i l i z i n g  c a r e f u l l y  con t ro l l ed  game management p r a c t i c e s .  
They have been harvested from Amchitka s i n c e  1962. Through 1970, 
901 had been harvested from Amchitlca f o r  fu r .  

One such group 
The Amchitlca populat ion increased a t  a ra te  of  

There w a s  then a dec l ine  i n  t h e  sea o t t e r  populat ion,  probably 
Recent counts 

Otters are now harvested i n  t h a t  reg ion  by the  S t a t e  of 

The common harbor  o r  h a i r  seal  (Phoca v i t u l i n a )  and S t e l l e r  sea l i on  
(Eumetopius juba ta )  are indigeous t o  the  in-shore waters of Amchitka. 
The t o t a l  sea l i o n  populat ion has  been es t imated  t o  be about 750 
animals and the  harbor  seal  populat ion t o  be about 350. Because 
they feed on salmon, there is a S ta t e  of Alaska bounty on the  harbor 
seal i n  p a r t s  of western Alaska. 

The P r i b i l o f  I s l ands  i n  the Bering Sea are the breeding grounds f o r  the  
f u r  seals (Cal lorhinus u r s inus ) .  This va luable  fur-bearing animal 
is  pro tec ted  by i n t e r n a t i o n a l  t r e a t y .  Control led ha rves t s  are conducted 
on the  P r i b i l o f  I s l ands  as well as on s e v e r a l  Russian i s l a n d s .  
t i o n  from the  P r i b i l o f s  starts as a mass movement i n  November. Af te r  
depar ture ,  they move s ing ly  o r  i n  small Rroups, some of which pass  by 
t h e  genera l  area of Amchitka. They move i n t o  southern waters f o r  t h e  
win te r ,  about 30 percent  going t o  Asian waters and the  rest t o  American 
waters. 
arr ival  back i n  t h e  P r i b i l o f s  occur r ing  throughout t h e  summer. 

Mgra-  

The r e t u r n  (northward) migrat ion begins  i n  Apr i l  and Flay with  

Five species of whales of commercial importance i n h a b i t  t h e  nor th  
P a c i f i c  and t h e  Bering Sea. 
physalus) ,  sei  whale (B. b o r e a l i s ) ,  b lue  whale (B.  musculus), hump- 
back whale (Megaptera novaeanquliaae),  and the  sperm whale (Physeter 
catodon).  
quent t h e  off-shore waters of Amchitka. 

These inc lude  t h e  f i n  whale (Balaenoptera 

Each of these spec ie s  can be expected t o  occas iona l ly  f r e -  

Commercial Harvests of F ish  and ?.brine M a m m a l s  . 

Japan is the only  na t ion  t h a t  f i s h e s  f o r  salmon on the  high seas; and 
the  Japanese commonly f i s h  the  waters i n  the  genera l  v i c i n i t y  of 
Amchitka, from Yay through August, with t h e  hulk of t h e  ha rves t  i n  

-The Sea Otter i n  the Eastern Pacif ic  Ocean. U.S. 
Department of Interior,  Bureau of Sport Fisheries and Wildl i . fe ,  North 
Auerican Fauna, Publication No. 68 ,  August 1970. 
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t h i s  area being made be fo re  mid-June. 
from in-shore Alaskan waters when t h e  f i s h  are r e t u r n i n g  t o  t h e i r  
home streams f o r  spawning. 
Aleutians.  S imi l a r ly ,  t he  Russians and Japanese,  as well as the  
Canadians, have land-based f i s h e r i e s  along t h e i r  c o a s t s  which cap tu re  
the  r e t u r n i n g  a d u l t  f i s h .  The fo re ign  land-based f i s h e r i e s  are a l l  
many hundreds of miles d i s t a n t  from Amchitka. The sockeye is  t h e  
most valuable  and most abundant salmon t o  both t h e  Alaskan and 
Japanese f i s h e r i e s .  

American fishermen t a k e  salmon 

This does not  include f i s h i n g  i n  t h e  o u t e r  

The Russians and Japanese a l s o  f i s h  with trawls f o r  bottom f i s h  i n  t h e  
no r th  P a c i f i c  a long t h e  Aleutian chain.  The most important spec ie s  
taken by t h i s  method are h a l i b u t ,  ocean perch, cod, and flounder.  Other 
spec ie s  inc lude  s o l e ,  pol lock,  p l a i c e ,  s a b l e  f i s h ,  h e r r i n g ,  and va r ious  
spec ie s  of rockfishes .  The P a c i f i c  h a l i b u t  i s  undoubtedly t h e  most 
important bottom f i s h  i n  the  Amchitka area. 

TZle Alaskan king crab f i s h e r y  is  centered around t h e  Alaska Peninsula 
and Kodiak region.  U n t i l  r e c e n t l y ,  t he  crab fishermen d i d  no t  ven tu re  
to  t h e  o u t e r  Aleut ian area. A t  t h e  p r e s e n t ,  a few Alaskan crab f i s h e r -  
men t r a p  during the crab season on P e t r e l  Bank, i n  t h e  v i c i n i t y  of Shemya, 
and i n  the  area between Adak and Amchitka. The Asian bottom trawlers 
pick up some c rabs  and shrimp i n  t h e i r  searches f o r  bottom f i s h .  

The Japanese and Russians still  hunt whales i n  the  P a c i f i c .  They ha rves t  
i n  t h e  western Aleut ian region from sp r ing  u n t i l  mid-autumn. 

SEA OTTER TRANSPLANTS 

Although the  sea o t t e r s  have made a remarkable populat ion recovery i n  
c e r t a i n  selected areas by n a t u r a l  r eco lon iza t ion ,  they have no t  
recolonized o t h e r  s u i t a b l e  h a b i t a t  areas and perhaps they never would 
n a t u r a l l y  r eco lon ize  some of t h e  d e s i r a b l e  areas t h a t  they once 
occupied. A l o g i c a l  s o l u t i o n  is t o  r eco lon ize  s u i t a b l e  h a b i t a t s  by 
t r a n s p l a n t i n g  small co lon ie s  from areas of high populat ion dens i ty .  
Attempts t o  t r a n s p l a n t  o t t e r s  from Amchitka t o  o t h e r  Alaskan h a b i t a t s  
were s t a r t e d  i n  1951 by U. S. Bureau of Sport  F i s h e r i e s  and Wi ld l i f e  
(BSF&W) b i o l o g i s t s .  
a t o t a l  of about GO animals had been s u c c e s s f u l l y  moved. Since 1968, 
t h e  AEC has cooperated with the  Alaska Department of Fish and G a m e  
by providing l o g i s t i c a l  support  f o r  t h e  t r a n s p l a n t i n g  program, using 
improved methods f o r  cap tu r ing  and handling. By t h i s  cooperat ive 
e f f o r t ,  dur ing 19G8, 353 animals were t r ansp lan ted  t o  s i x  l o c a t i o n s  
i n  southeastern Alaska and one l o c a t i o n  i n  t h e  P r i b i l o f  I s l ands .  
The 1969 t r a n s p l a n t  of 116 animals was d i s t r i b u t e d  between one l o c a t i o n  
each i n  Washington and southern Alaska. (Four of t he  animals were 
de l ive red  t o  t h e  Point  Defiance Aquarium near Tacoma, Washington, 
where phys io log ica l  and behavioral  s t u d i e s  of s e a  o t t e r s  are i n  progress . )  

Early at tempts  were no t  very success fu l ;  by 1066, 
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Some of those  animals de l ive red  t o  Alaska i n  1969 were subsequently 
provided t o  B r i t i s h  Columbia by the  State of Alaska. 
o t ters  were t ransplan ted  t o  the  c o a s t s  of Oregon and Washington; 
a d d i t i o n a l  animals will be taken t o  Oregon dur ing  1971. 

In  1970, 59 

HISTORY OF USE OF AMCHITKA BY MAN 

Amchitka has had a long h i s t o r y  of human d is turbance .  
t he  abor ig ina l  Aleuts  was small, but discovery of  t he  Aleut ians  and 
Komandorskis by the  Russians i n  the  1740's was followed by a per iod  
of ex tens ive  f u r  hunting t h a t  l e d  t o  a decimation of t h e  Aleut popu- 
l a t i o n  and the  near  e x t i n c t i o n  of the  sea o t t e r  and f u r  seal. The 
p r i n c i p a l  recent events  i n f luenc ing  t h e  ecology systems of t h e  i s l a n d  
are the following: 

The impact of 

1911 

1913 

1921 

1942-1951 

An i n t e r n a t i o n a l  t r e a t y  p r o t e c t i n g  t h e  sea 
o t t e r  and f u r  seal was concluded. 
had one of t he  remnant popula t ions  of sea 
o t t e r s . )  
1941. 
w a s  concluded i n  1957.) 

(Amchitka 

(The t r e a t y  was terminated i n  
A new agreement p r o t e c t i n g  f u r  seals 

Executive Order 1733 e s t a b l i s h e d  t h e  
Aleut ian  I s l ands  National Wi ld l i f e  Refuge 
(Amchitka w a s  included) .  It included 
provis ion  t h a t  use of t he  s p e c i f i e d  area 
as a w i l d l i f e  refuge should no t  i n t e r f e r e  
with use of t he  i s l a n d s  f o r  m i l i t a r y  
purposes. 

Blue fox fanning w a s  introduced,  under lease 
agreement with Atka na t ives .  The U. S. 
Department of t h e  I n t e r i o r ,  Bureau of Sport  
F i s h e r i e s  and Wi ld l i f e ,  r e p o r t s  t h a t  foxes 
were trapped a t  least through 1936. 

Q 

c 

Amchitka w a s  occupied by U. S. m i l i t a r y  
fo rces  ( repor ted ly  as many a s  10,000 men 
a t  peak per iod) .  The Norway ra t  w a s  in-  
adve r t en t ly  introduced dur ing  t h i s  occupat ion.  
Many hundreds of small bu i ld ings  were e rec t ed  
and s t i l l  remain on the  i s l a n d  i n  va r ious  
s t ages  of d i s i n t e g r a t i o n .  An ex tens ive  
system of roads and t r a i l s  remains. 
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1951-1957 

195 8-1 95 9 

1962 

October 1965 

196 7 

October 1969 

A fox and rat  e r a d i c a t i o n  program w a s  c a r r i e d  
ou t  by the  Department of t he  I n t e r i o r ,  using 
s t rychn ine  and “1080 .” Foxes were e rad ica t ed  
and t h e  ra t  population reduced. Dogs and 
cats abandoned upon depa r tu re  of World War I1 
f o r c e s  disappeared from n a t u r a l  causes.  The 
bald eag le  population dec l ined  somewhat as a 
r e s u l t  of poisoning ope ra t ions ,  but  is  re- 
ported t o  have recovered by 1959. 

A WHITE ALICE r ada r  s t a t i o n  was operated by 
Western Electric Company f o r  t he  Department 
of Defense. 

A program of sea o t t e r  ha rves t ing  w a s  i n i t i a t e d  
by t h e  Alaska Department of Fish and Game t o  
reduce and r e g u l a t e  t h e  o t t e r  population. 

LONG SHOT, a Department of Defense-sponsored 
underground nuclear  test, w a s  c a r r i e d  ou t .  
Bioenvironmental surveys were done. 

D r i l l i n g  and cons t ruc t ion  ac t iv i t ies  were 
i n i t i a t e d  i n  p repa ra t ion  f o r  AEC underground 
nuc lea r  t e s t i n g .  
mental s t u d i e s  was s t a r t e d .  

A program of bioenviron- 

MILROW was detonated. 
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PART I1 

UlPACT 0;J THE ENVIRONMENT 

RAD IOACT I V I  TY-- ATMO SPHERI C ANI) SUKFACE 

The CAiWIKIN emplacement cond i t ions  are designed t o  a s s u r e  containment 
of r a d i o a c t i v e  explosion products deep wi th in  t h e  rock below Amchitka. 

This s e c t i o n  con ta ins  a d i scuss ion  of t h e  p r i o r  experience a t  Amchitka 
and Nevada followed by a d e s c r i p t i o n  of how t h e  CAWIKIN s i t e  w a s  
s e l e c t e d  and designed t o  provide f o r  containment. 

Amchitka Containment Experience 

There have been two nuclear  de tona t ions  on Amchitka I s l a n d ,  Alaska: 
LONG SHOT (about 80 k i l o t o n s  (KT*)) on October 29, 1965; and YILRO\J 
(about one megaton) on October 2 ,  1969. To d a t e ,  no r a d i o a c t i v i t y  
from FIILROW has been observed. A i r  sampling instruments  l o c a t e d  i n  
two concen t r i c  r i n g s  around t h e  PIILXOW s u r f a c e  zero l o c a t i o n  were 
operated a t  detonat ion t i m e  and s h o r t l y  t h e r e a f t e r  t o  monitor f o r  
poss ib l e  gamma r a d i a t i o n ,  but  no r a d i o a c t i v i t y  appeared. Since then,  
a few plankton hau l s  i n  t h e  seas around Amchitka and many samples 
from land-surface waters and near-shore ocean waters were analyzed 
f o r  r a d i o a c t i v i t y .  
found. There w i l l  be similar monitoring, sampling, and a n a l y s i s  
a f t e r  CANNIKIN.  

No levels of r a d i o a c t i v i t y  above hackaround were 

There w a s  no immediate release of r a d i o a c t i v i t y  from the,LONG SHOT 
test. About one month a f t e r  t h e  t es t ,  however, anomalous l e v e l s  of 
t r i t i u m  were de tec t ed  i n  t h r e e  small ponds on t h e  n o r t h  edge of t h e  
s u r f a c e  zero pad and i n  drainage. d i t c h e s  from those ponds. 

I n  o r d e r  t o  determine how t h i s  t r i t i u m  might be reaching t h e  s u r f a c e ,  
exploratory d r i l l i n g  was conducted a t  several l o c a t i o n s  around t h e  
LONG SHOT s u r f a c e  zero po in t  during t h e  summer months of 1969. Levels 
of t r i t i u m  above background were found i n  t h e s e  shallow wells o u t  t o  
about 900 f e e t  from t h e  emplacement hole .  However, no t r i t i u m  above 
background w a s  found i n  su r face  water beyond about 500 f e e t  from t h e  
emplacement hole .  On t h e  b a s i s  of t h i s  information, t h e  most l i k e l y  
explanat ion f o r  t he  appearance of t h i s  t r i t i u m  is  gradual  seepage 
from the  top of t he  chimney upward through the  stemming material 
i n s i d e  the  cased ho le  t o  a break i n  t h e  ho le  cas ing  and then upward 
ou t s ide  the  cased ho le  t o  the  su r face ,  with accumulation beneath the  

n 

n 

* A k i l o t o n  is  equivalent  t o  1,000 t ons  of chemical explosive.  
I 
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emplacement pad. The f a c t  t h a t  no tritium seepage has been observed 
a t  t h e  MILROW s i t e  i s  expla inable  i n  p a r t  because t h e  ?lILROW emplace- 
ment was much deeper (4,000 f e e t  as compared t o  2,350 f e e t ) .  

The tritium mentioned above, which vas observed i n  l o c a l  ponds a t  
LOXG SHOT, was a t  l e v e l s  f a r  below t h e  Radioac t iv i ty  Concentration 
Guides (RCG's) f o r  water and hence w a s  of no s i g n i f i c a n t  eco log ica l  
impact. Trace amounts of r ad ioac t ive  noble Tases were a l s o  de t ec t ed  
over LONG SHOT, and t h e  p o s s i b i l i t y  e x i s t s  t h a t  trace amounts may y e t  
become de tec t ab le  a t  the  MILROW s i te .  However, because noble  gases  
are b i o l o g i c a l l v  i n e r t  and would be i n  very low concent ra t ions ,  they 
would pose no environmental hazard. No leakage of t r i t i u m  o r  radio-  
a c t i v e  noble gases i s  expected f o r  CANNIKIN; behavior comparable t o  
MILROW is  l i k e l y .  Even the  extreme case would he expected t o  be no 
more than a gradual  upward seepap;e similar t o  t h a t  experienced on 
LONG SHOT. 

Because t r i t i u m  seepage was observed a f t e r  LONG SHOT, a b r i e f  descr ip-  
t i o n  of t r i t i u m  and i t s  b io log ica l  behavior may be use fu l  t o  t h e  
reader  : 

Tri t ium, a r ad ioac t ive  i so tope  of hydrogen, e m i t s  a weak b e t a  p a r t i c l e  
when i t  undergoes r ad ioac t ive  decay. It has a r ad ioac t ive  h a l f - l i f e  
of 1 2 . 3  years .  Tri t ium i n  minute amounts is  d i s t r i b u t e d  e s s e n t i a l l y  
everywhere t h a t  water o r  hydrogen occurs.  
r e a c t o r s ,  nuc lear  de tona t ions ,  and nuclear  f u e l  reprocess ing  p l a n t s .  
Lesser sources  are wastes from research  l a b o r a t o r i e s  and even 
luminescent d i a l s .  It is a l s o  produced by n a t u r a l  processes ,  and 
has been present  i n  the  biosphere i n  trace amounts throughout t he  
per iod t h a t  l i f e  has e x i s t e d  on the  e a r t h .  Its production by n a t u r a l  
processes  amounts t o  about 4 t o  8 megacuries of tritium p e r  year.  
Before the  advent of the  nuc lear  age,  t h e  n a t u r a l  rates of production 
and decay caused the re  t o  he a s teady  3x18'18 grams of t r i t i u m  pe r  
gram of s t a b l e  hydrogen (.01 pCi/ml) . 

Its main sources  are nuclear  

The cu r ren t  l e v e l  of t r i t i u m  i n  f r e s h  waters on Amchitka I s l and ,  with 
t h e  except ion of t he  mud ponds contaminated with tritium from LONG SHOT, 
is about grams of t r i t i u m  p e r  gram of s t a b l e  hydrogen (0.3~9-0.6 
pCi/ml). This level is  common t o  t h a t  region.  

I f  some t r i t i u m  were t o  he r e l eased  t o  t h e  environment from t h e  
CANNIKIN de tona t ion  s i te  which is  more than a m i l e  below the  su r face ,  
i t  would escape as water o r  else would r a p i d l y  be converted t o  water. 
I f  i t  escaped, i t  would be dispersed l i k e  ord inary  water, p a r a l l e l i n g  
the  c i r c u l a t i o n  of o the r  water i n  t h e  v i c i n i t y  of t he  s i te  of emis- 
s ion ,  whether i t  he on the  ground su r face  such as t h e  mud ponds a t  t he  

, \  
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LONG SHOT site,  o r  i n  t h e  i n t e r - t i d a l  zone. Thus, i n  add i t ion  t o  lo s ing  
its rad ioac t ive  potency wi th  t i m e  due t o  r ad ioac t ive  decay, any t r i t i u m  
t h a t  should reach the  su r face  would be r a p i d l y  d i l u t e d  by t h e  water i n  
which i t  would become d ispersed .  The h ighes t  l e v e l  observed i n  the  
ponds d i r e c t l y  above the  LONG SHOT s i t e  where leakage d i d  occur w a s  
1 7  pCi/ml which is only  about 1 /60th  of t he  Radioac t iv i ty  Concentrat ion 
Guide (RCG) f o r  water t h a t  would be s u i t a b l e  as the  s o l e  l i f e t i m e  source 
of water f o r  t he  genera l  pub l i c  (1,000 pCi/ml). 
t he  LONG SHOT mud ponds now f l u c t u a t e s  wi th  r a i n f a l l  i n  season,  and 
the  h ighes t  r ecen t  measurement i n  t h e  ponds w a s  about 7 p C i / m l  measured 
in December 1970. 

The tritium l e v e l  i n  

S tudies  of f i s h ,  s h e l l f i s h ,  and o t h e r  food organisms have shown no 
evidence t h a t  a mechanism might e x i s t  whereby t h e  s p e c i f i c  a c t i v i t y  
of tritium ( r a t i o  of tritium t o  nonradioac t ive  hydrogen) inc reases  
i n  t r a n s f e r  from d i e t  to  t i s sues . '  Due t o  t h e  heavier  atomic weight 
of t r i t i u m  as compared t o  n a t u r a l  hydrogen, t h e r e  o r d i n a r i l y  is a 
d i sc r imina t ion  aga ins t  t r i t i u m  i n  those  r e a c t i o n s  involving t h e  t rans-  
f e r  of hydrogen. There is a tendency f o r  it t o  remain behind i n  
biochemical r e a c t i o n s  such as those whereby hydrogen is t r a n s f e r r e d  
i n t o  organic  materials, but  gradual ly ,  t h e  t r i t i u m  content  of any 
organism w i l l  reach equi l ibr ium with t h e  tritium i n  its environment. 
This  has  been demonstrated by b i o l o g i c a l  experiments. For example, 
experiments conducted more than 15 years  ago a t  t h e  AEC's Hanford 
P lan t  showed t h a t  i f  small f i s h  were maintained i n  water conta in ing  
t r i t i u m  oxide and then moved t o  an uncontaminated environment, h a l f  
of t he  t r i t i u m  w a s  e l imina ted  from the  f i s h  wi th in  about 24 minutes. 2 

I n  b r i e f ,  experimental  evidence i n d i c a t e s  t h a t  tritium i n  water does 
not  have any tendency t o  accumulate i n  s p e c i f i c  t i s s u e s  o r  t o  
concent ra te  as a r e s u l t  of food chain processes;  f o r  CANNIKIN i t  
does not pose any p o t e n t i a l  danger t o  f i s h e r i e s  o r  to t he  pub l i c  a t  
l a r g e .  

Nevada Containment Experience 

A l l  of t he  experience which has been accumulated by the  AEC i n  provid- 
ing  f o r  t he  containment of underground nuclear  tests has cont r ibu ted  
t o  the  development of sound test containment procedures.  Hence, i t  
is r e l evan t  t o  mention containment experience a t  Nevada. 

l U . S .  Council on Environmental Qual i ty ,  F i r s t  Annual Report of t he  
Council on Environmental Qual i ty ,  August 1970. 

2Fos ter ,  R.  F., Annual Progress  Report of Biology Research f o r  1954. 
Report H.W.-35917 (Richland, Washington: Hanford Atomic Products 
Incorporated,  1955), pp. 98-103. 

_ _  ., -.. .- _ _  . . . . .. . . ., . . , . .. I . _.__ . - 
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From t h e  s ign ing  of t h e  l i m i t e d  test  ban t r e a t y  i n  1963 t o  t h e  end 
of 1970, t h e r e  were 230 announced U. S. underground nuclear  explosions 
at the  Nevada T e s t  S i t e  and elsewhere,  inc luding  f i v e  Plowshare crater- 
ing  tests. Of t h e  non-Plowshare tests, 1 7  inadve r t en t ly  leaked 
r a d i o a c t i v i t y  d e t e c t a b l e  o f f - s i t e .  
experiments and/or  experiments involving open l i n e s  of s i g h t  p a r t  
way through the  stemming ( t h e  material used t o  r e f i l l  t he  emplacement 
hole) .  
vertical s h a f t s .  Only one of t hese  fou r  had a y i e l d  of  over  20 KT. 

Thi r teen  of t h e  1 7  were tunnel  

The remaining fou r  tests which leaked were f u l l y  bur ied  i n  

Each t i m e  a l e a k  of r a d i o a c t i v i t y  has  occurred,  t h e r e  has  been c a r e f u l  
i n v e s t i g a t i o n  i n  an e f f o r t  t o  l e a r n  t h e  cause so t h a t  l e a k s  from 
similar causes  can be avoided. For in s t ance ,  a f t e r  a l a r g e  l e a k  
occurred dur ing  the  BANEBERRY test on December 18, 1970, f u r t h e r  
t e s t i n g  w a s  delayed f o r  s i x  months t o  a l low f o r  a thorough inves t iga-  
t i o n  of t h e  inc iden t .  Inves t iga t ion  of t h e  BANEBERRY vent ing  ind ica t ed  
t h a t  i t  could b a s i c a l l y  be a t t r i b u t e d  t o  s t ronge r  than normal coupl ing 
of energy i n t o  the  ground due t o  an unexpectedly high water conten t  
at the  test depth. 

BANEBERRY w a s  f i r e d  i n  Yucca F l a t s  a t  t he  Nevada T e s t  S i t e ,  a t  a 
r e l a t i v e l y  shallow depth,  i n  an area where experience ind ica t ed  t h a t  
an explosion a t  t h e  BANEBERRY y i e l d  l e v e l  and depth of b u r i a l  would 
be e n t i r e l y  contained underground. 
obtained dur ing  two earlier success fu l  low-yield tests very near  t o  t h e  
BANEBERRY s i te  (one had been 2,000 f e e t  t o  the  no r th  and t h e  o t h e r  about 
t he  same d i s t a n c e  t o  the  e a s t )  had ind ica t ed  t h e  s u i t a b i l i t y  of t h e  
BANEBERRY sit e. 

Geological and phys ica l  d a t a  

S tudies  made a f t e r  t he  test revea led  t h a t  w i th in  a l i m i t e d  region around 
the  BANEBERRY emplacement p o s i t i o n  t h e  rock has an unusual ly  high 
water conten t  f i l l i n g  almost a l l  of i t s  pore space. This  is considered 
t o  be the  major reason f o r  t he  BANEBERRY ven t ing  of explosion products .  
Varying underground water conten t  can have a marked e f f e c t  on coupl ing 
of explos ive  energy t o  the  ground. 
through the  presence of the  water i t s e l f ,  and i n d i r e c t l y ,  through 
f i l l i n g  of t he  porous volume which would o therwise  tend t o  cushion 
t h e  f o r c e  of the  explosion.  I n  both ways, i nc reas ing  water content  
tends t o  inc rease  the  e f f e c t i v e  f o r c e  of an  explosion.  I f  t h e  water 
conten t  and t h e  degree of s a t u r a t i o n  of t h e  material surrounding 
BANEBERRY had been recognized, t h e  test would have been f i r e d  a t  a 
g r e a t e r  depth o r  a d i f f e r e n t  l o c a t i o n .  The BANEBERRY containment 
f a i l u r e  r e s u l t e d  not  from water pe r  se, bu t  from the  presence of 
excessive water a t  a p o s i t i o n  where i t  was not  expected. 

This comes about both d i r e c t l y ,  
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However, t he  BANEBERRY experience has  no d i r e c t  bear ing on CANNIKIN; 
emplacement f o r  t h e  lat ter event w i l l  fol low a l ready  well-proved 
guide l ines  f o r  deep, high-yield tests which presume a s a t u r a t e d  medium. 

While low-yield tests a t  r e l a t i v e l y  shallow depths  of b u r i a l  are 
normally f i r e d  i n  unsaturated rock, every test of y i e l d  g r e a t e r  than 
about 200 KT has  been f i r e d  below t h e  static water t a b l e  i n  essen- 
t i a l l y  f u l l y  water-saturated rock, with completely success fu l  con- 
tainment. 
t he  presence of water-saturated rock a t  t h e  g r e a t e s t  depths.  
rock medium surrounding CANNIKIN is f u l l y  water-saturated,  as i t  w a s  
at the  sites of t h e  LONG SHOT and MILROW explosions under Amchitka. 
(It is i n t e r e s t i n g  t o  note ,  however, t h a t  t he  a c t u a l  percent  water 
content  is about one-third of t h a t  at BANEBERRY.) The na ture  of 
t h e  rock medium is b e t t e r  known than f o r  almost any previously 
d r i l l e d  emplacement site. Mining ope ra t ions  a t  the  emplacement 
pos i t i on ,  toge ther  with exp lo ra t ion  of t h e  medium through two 
supplementary d r i l l  holes loca ted  wi th in  a few hundred f e e t  of t h e  
main hole ,  have y ie lded  ample d a t a  t o  e s t a b l i s h  a r e l i a b l e  descr ip-  
t i o n  of t he  material and formation c h a r a c t e r i s t i c s .  

Emplacement condi t ions  are designed t o  take  account of 
The 

Experience with t h e  containment of l a r g e r  y i e l d  tests is p a r t i c u l a r l y  
pe r t inen t .  
y i e l d ,  deeply buried explosions.  
of 200 KT o r  g r e a t e r ,  a l l  f u l l y  stemmed. 
i n  f a c t ,  no experiment having a y i e l d  g r e a t e r  than 50 KT, has  leaked 
r a d i o a c t i v i t y  de t ec t ab le  o f f - s i t e .  
ope ra t ions  following megaton tests a t  Nevada have shown t h a t  explosion- 
produced r a d i o a c t i v i t y  is f i r s t  encountered a t  about ha l f  of t he  
emplacement depth,  even when those  tests have chimneyed t o  t h e  sur face .  
Empir ical ly  based c a l c u l a t i o n s  i n d i c a t e  t h a t  f o r  t he  CANNIKIN contain- 
ment s i t u a t i o n ,  t he  chance of prompt vent ing  of mixed f i s s i o n  products  
i n  quan t i ty  is remote. 
by test and d r i l l -back  experience under similar condi t ions  of y i e l d ,  
depth,  and medium. 

No l e a k s  o r  vent ings  have accompanied any of t h e  l a r g e  
There have been 1 3  underground tests 

None of t hese  13  tests and, 

As a matter of f a c t ,  d r i l l - b a c k  

The soundness of t hese  c a l c u l a t i o n s  is  borne out 

CANNIKIN Containment 

The CANNIKIN de tona t ion  w i l l  d e r i v e  p a r t  of i t s  energy from f i s s i o n  and 
p a r t  from fus ion .  Therefore ,  i t  w i l l  form a complex mixture of f i s s i o n  
products  as w e l l  as t r i t i u m  and va r ious  induced r a d i o a c t i v i t i e s . .  A t  
t h e  beginning, t hese  are +n a c a v i t y  where they are in t ima te ly  mixed 
with molten rock and rock gases .  A s  t he  c a v i t y  expands, t h e  i n t e r n a l  
pressure  and temperature drop and t h e  more r e f r a c t o r y  and chemically 
a c t i v e  i so topes  combine with t h e  gaseous compounds and condense and n 
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s o l i d i f y  t o  form a g la s s - l i ke  material i n s i d e  t h e  cav i ty .  On co l l apse  
of t h e  c a v i t y  and formation of t h e  rubble  chimney, pressures  drop 
s t i l l  more and only a few i so topes  remain a t  a l l  f r e e  t o  migrate 
outwards as gases o r  i n  so lu t ion .  

I n  o rde r  t o  a s su re  containment of r a d i o a c t i v i t y ,  i t  is  necessary t o  
provide proper rock types,  adequate d i s t ance  from f a u l t s ,  s u f f i c i e n t  
depth f o r  t h e  y i e l d ,  and adequate stemming. Se lec t ion  of s p e c i f i c  
emplacement sites f o r  each of t hese  tests on h c h i t k a  I s l and  was 
made on the  recommendation of t he  U. S .  Geological Survey (USGS). 
A v a s t  amount of geologica l  knowledge about Amchitka has  been developed 
and evaluated i n  d e t a i l .  iluch of t h i s  was acquired dur ing  t h e  d r i l l -  
i ng  and t e s t i n g  of explora tory  holes  p r i o r  t o  s e l e c t i n g  the  f i n a l  
emplacement sites f o r  LONG SHOT, IIILROW, and CAlNNIKIN. 

Since 1966, t h e  USGS has expended more than 40 man-years of e f f o r t  on 
geologica l  and hydrological  s t u d i e s  a t  Amchitka, a t  a c o s t  of over  
$1,303,000. 
underground nuclear  test purposes concerns t h e  l o c a t i o n ,  depth a t t i t u d e ,  
and h i s t o r y  of l a r g e  f a u l t s  o r  f r a c t u r e s  near  t h e  proposed t e s t  loca t ion .  
Prime a t t e n t i o n  is  given t o  i d e n t i f y i n g  known and i n f e r r e d  f a u l t s  by 
sur face  geologic  mapping p r i o r  t o  s e l e c t i n g  the  s i t e  of an explora tory  
hole .  During the  d r i l l i n g  of explora tory  ho le s ,  t he  progress  is  
cont inuously monitored by w e l l  s i t e  geo log i s t s  who observe t h e  rock 
c u t t i n g s  re turned  by the  d r i l l i n g  process  t o  e s t a b l i s h  c o r r e l a t i o n  of 
underground s t r a t a  wi th  sur face  geology. They a l s o  remain a l e r t  t o  
any changes i n  l i t h o l o g i c  o r  hydrologic  condi t ions  apparent o r  suggested 
through c l o s e  observa t ion  and i n t e r p r e t a t i o n  of d r i l l i n g  records ,  
geophysical logging,  o r  o t h e r  da t a .  

A major cons idera t ion  i n  any geologic  i n v e s t i g a t i o n  f o r  

When an explora tory  hole  has  been shown t o  be i n  an acceptab le  loca t ion ,  
f r e e  of s t r u c t u r a l  anomalies, and a t  t h e  requi red  depth f o r  containment 
i n  a medium having s u i t a b l e  phys ica l  and engineer ing p r o p e r t i e s ,  t h e  
l a r g e r  emplacement hole  may be d r i l l e d .  Again, c a r e f u l  a t t e n t i o n  is  
given t o  a comparison of the  geology and hydroloqy of t hese  ad jacent  
l o c a t i o n s  u n t i l  the  hole  and emplacement cliambers are complete. 

The t o t a l  c o s t s  f o r  d r i l l i n g  and t e s t i n g  seven of t hese  explora t ion  holes  
at Amchitka including logging, cementing, cas ing  as needed, and 
personnel  support  are est imated a t  approximately '$20 mi l l i on .  

It was only a f t e r  t h i s  exhaust ive geologic  s tudy and s i t e  explora t ion  
t h a t  it w a s  decided t h a t  t he  most s u i t a b l e  s i t e  f o r  emplacement of t h e  
CAVNIKIN tes t  device had been loca ted .  The CANNIKIN s i te  i s  3',300 f e e t  
south of the  Teal Creek Fau l t  and 2,800 f e e t  no r th  of a suspected f a u l t  
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expressed only as a l ineament on aerial  photographs. 
of b u r s t  has  been se l ec t ed  so as t o  a s su re  containment; i t s  s e l e c t i o n  w a s  
made a f t e r  f u l l  cons idera t ion  of experience gained i n  Nevada, and i s  
based on the  geology of t h e  l o c a t i o n  and t h e  y i e l d  a t  the  t e s t .  

The CMWIKIN depth 

The CANNIKIN explos ive  w i l l  be emplaced i n  a cav i ty  of 26-foot r a d i u s ,  
a t  a depth of 5,875 f e e t ,  a t  t he  bottom of a 90-inch d r i l l  ho le  which 
has  been cased t o  an i n s i d e  diameter of 54 inches.  The annulus between 
the  cas ing  and t h e  ho le  has  been f i l l e d  wi th  cement. 
is  emplaced, t h e  hole  w i l l  be stemmed ( i . e . ,  f i l l e d )  from t h e  top  of 
t he  c a v i t y  t o  the  su r face  of t he  ground with sand, pea grave l ,  and 
p l a s t i c  plugs.  
100 f e e t  t h i c k  w i l l  be placed near  t h e  su r face  and a t  depths  of about 
1,009 f e e t ,  2,000 f e e t ,  and 3,000 f e e t .  I n  add i t ion ,  t h e  bottom 250 
f e e t  of stemming w i l l  be sand. 
the  pea grave l  and act t o  s top  t h e  d i f f u s i o n  of Saseous products  up 
t h e  $rill hole .  Sucli d i f f u s i o n  i s  f u r t h e r  i n h i b i t e d  by two p l a s t i c  
plugs,  each about 40 f e e t  t h i ck ,  one of which w i l l  be cast near  t h e  
su r face  and another  about 1,500 f e e t  above t h e  explosion poin t .  The 
lower p l a s t i c  plug no t  only i n h i b i t s  t h e  flow of gas ,  bu t  a l s o  acts 
as a platform t o  help support  t he  stemming material. .A11 of the  
e lec t r ic  cab le s  from the  device t o  the  su r face  w i l l  have sea led  sec- 
t i o n s  t o  prevent  saseous products  from reachinp, t h e  ground su r face  by 
passing through t h e  cables .  
the  lower p l a s t i c  plug t o  preclude any flow of gas wi th in  t h e  cable  
through t h e  blocks , then ou t  i n t o  t h e  stemming material  above. 

Af te r  t h e  device 

!lost of t h e  stemming w i l l  be pea grave l ,  bu t  sand plugs 

The sand plugs are less permeable than 

The "cable  blocks" w i l l  be bur ied  i n  

Some days o r  weeks a f t e r  t h e  CAN?JII(IN t es t  is  conducted, i t  may be 
necessary t o  d r i l l  a small diameter  ho le  t o  t h e  explosion c a v i t y  so  
t h a t  a sample of t h e  r ad ioac t ive  material can be obtained.  I f  t h a t  
d r i l l -back  i s  done, t h e  la tes t  d r i l l i n g  equipment and procedures 
w i l l  be  u t i l i z e d ,  i n su r ing  c o n t r o l  of r a d i o a c t i v i t y .  A small amount 
of r a d i o a c t i v e  gas  may pass  through t h e  Slowout preventers  on t h e  
d r i l l i n g  equipment. This  gas w i l l  be  f i l t e r e d  and re leased  and w i l l  
no t  p re sen t  a r a d i o l o g i c a l  hazard.  

RADIOACTIVITY--GROUNDWATER - 

The top  of the  CANNIKIiU emplacement ho le  i s  on a f l a t  kno l l  200 f e e t  
above sea level and 4,500 f e e t  from t h e  Bering Sea. The width of 
Amchitka at  t h i s  l o c a t i o n  is  about t h r e e  m i l e s .  F igure 2 is  a 
diagrammatic c ross -sec t ion  through Amchitka I s l and  and the  surround- 
ing  sea bed, drawn approximately t o  scale. 
at  a minimum s l a n t  d i s t a n c e  of 7,400 f e e t  from t h e  n e a r e s t  sea coas t .  

The explosion po in t  i s  

l b s t  of t he  p r e c i p i t a t i o n  c o l l e c t s  temporar i ly  i n  l a k e s ,  t u r f ,  and 
t h e  underlying pea t ,  and subsequently d r a i n s  t o  t h e  ocean v i a  streams. 
Runoff dur ing  and a f t e r  storms suggests  t h a t  t h e  underlying rocks 
are r e l a t i v e l y  impermeable o r  a r e  s a t u r a t e d  t o  t h e  su r face .  
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Hydrologic t e s t i n g  a t  an exploratory h o l e  near  the CANNIKIN s i t e  i n d i c a t e s  
t h a t  only t h e  rock u n i t s  i n  t h e  upper p a r t  of t h e  ho le  are s u f f i c i e n t l y  
permeable t o  p e r m i t  s i g n i f i c a n t  groundwater movement outward and upward 
toward the  ocean. Groundwater movement a t  g r e a t e r  depth is  extremely 
slow. Water samples were taken a t  va r ious  depths  f o r  age d a t i n g  by the  
carbon-14 method. One sample w a s  recovered with s u f f i c i e n t  carbonate  
f o r  age da t ing .  The uncorrected age determined from t h i s  sample from 
3,150 f e e t  was about 11,000 years.  
years . )  The age and l o c a t i o n  of t h i s  sample and t h e  determined down- 
ward flow of groundwater imply extremely slow movement of any groundwater 
a t  t h e  depth of t he  CAFINIKIN s i te .  

(The age is  probably over  9,000 

The ex i s t ing .hydro log ica1  regime w i l l  be d i s tu rbed  l o c a l l y  by t h e  
CANNIKIN test. ( A l l  a c t i v i t i e s  i n  connection with t h i s  p r o j e c t  are 
expected t o  comply with t h e  requirements of t h e  Federal  Water Pollu- 
t i o n  Control A c t ,  as amended by t h e  Water Q u a l i t y  A c t  of 1970.) 
Af t e r  CAhTIKIN, the  roof Of the c a v i t y  produced i s  expec ted  t o  c o l l a p s e .  
Host of t h e  r a d i o a c t i v e  material a s soc ia t ed  w i t h  t h e  detonat ion w i l l  
be incorporated i n t o  and trapped i n  rock m e l t ,  o r  w i l l  be adsorbed 
onto t h e  su r faces  of rock material. Most material w i l l  t h e r e f o r e  be 

. e s s e n t i a l l y  r e t a i n e d  i n  t h e  bottom of t h e  explosion zone. 
f i s s i o n  products and t r i t i u m  are except ions.  
c a v i t y  and t h e  chimney above i t  w i l l  be f i l l e d  with broken and p a r t i a l l y  
recompacted rock,  r e s u l t i n g  from t h e  co l l apse .  This w i l l  very probably 
extend t o  t h e  su r face  and r e s u l t  i n  a subsidence crater o r  s ink .  T e s t  
experience has shown t h a t  t h i s  subsidence does not  provide open pa ths  
f o r  escape of r a d i o a c t i v i t y  t o  t h e  su r face .  

The v o l a t i l e  
The remainder of t h e  

Af t e r  t h e  CANNIKIN t e s t ,  water w i l l  flow toward, r a t h e r  than away from, 
the  c a v i t y  u n t i l  f o r  a l l  p r a c t i c a l  purposes t h e  pre-shot hydro log ica l  
cond i t ions  are r e e s t a b l i s h e d ,  a process  es t imated t o  t ake  about one 
year. 

1. A mixture of f r e s h  and s a l i n e  w a t e r  w i l l  e n t e r  t he  c a v i t y  by 
i n t e r s t i t i a l  migrat ion i n t o  t h e  cracks and f r a c t u r e s  c rea t ed  
by t h e  explosion. A t  t h i s  l o c a t i o n  the  lower po r t ion  of t h e  
chimney and t h e  c a v i t y  are expected t o  be i n  s a l i n e  ground- 
water. 

The f i l l i n g  of the void space w i l l  t ake  p l ace  by several mechanisms. 

2. Groundwater w i l l  e n t e r  the c a v i t y  from overlying water-bearing 
zones and Will p e r c o l a t e  down through t h e  chimney rubble .  

3. Surface water and p r e c i p i t a t i o n  d r a i n i n g  i n t o  t h e  subsidence 
s ink  w i l l  a l s o  p e r c o l a t e  down through t h e  chimney rubble.  It 
i s  expected t h a t  t h e  subsidence s i n k  w i l l  capture  t h e  drainage 
from WHITE ALICE Creek and t h i s  flow w i l l  be a c o n t r i b u t o r  t o  
t h e  c a v i t y  i n f i l l .  
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The o v e r a l l  n e t  e f f e c t  w i l l  be t h a t  of downward and inward flow u n t i l  
t he  preshot  cond i t ions  are rees t ab l i shed .  Only a f t e r  t h i s  can 
contaminated water tend t o  flow away from the  c a v i t y  toward the  sea .  

Those rad ionucl ides  not  t rapped i n  t h e  s o l i d i f i e d  rock m e l t  w i l l  be 
suscep t ib l e  t o  migrat ion i n  groundwater. Only an i n s i g n i f i c a n t  
f r a c t i o n  of t he  t rapped rad ionucl ides  w i l l  be slowly leached from 
the  su r faces  of t he  fused rock. The most v o l a t i l e  rad ionucl ides  
(mostly xenon, krypton,  and some iodine)  w i l l  migra te  upward, 
f i l t e r  through the  chimney rubble ,  and depos i t  t h e i r  rad ionucl ide  
daughters  (cesium, barium, rubidium, and s t ront ium) on the  rubble  
su r faces .  This  migrat ion is i n h i b i t e d  by the  downward flow and 
f lu sh ing  a c t i o n  of water i n  the  chimney. 
t he  gases. T r i t i a t e d  water vapor w i l l  condense and r e t u r n  t o  the  
c a v i t y  along wi th  t h e  downward-moving water. 
l o c a t i o n s  i n  Nevada show t h a t  t he  concent ra t ion  of tritium i n  water 
decreases  sha rp ly  with inc reas ing  he ight  above the  shot  po in t .  

Some t r i t i u m  w i l l  be among 

Data from test  

T r i t i a t e d  water is not  expected t o  reach t h e  su r face  of t h e  subsidence 
s ink.  None had been de tec t ed  from MILROW as late as a year  and a h a l f  
a f t e r  t he  test. 
toge the r  w i th  t h e  d i r e c t i o n  of groundwater flow, w i l l  r e s u l t  i n  t h e  
h ighes t  concent ra t ion  of rad ionucl ides  i n  the  groundwater being a t  the  
bottom of t h e  cav i ty .  

The po in t  of o r i g i n  of t h e  by-products of t h e  explos ion ,  

T r i t i u m  i n  water is of more concern than o t h e r  r a d i o a c t i v e  materials 
s i n c e  it w i l l  migrate  a t  nea r ly  the  same v e l o c i t y  as t h e  n a t u r a l  
groundwater. Tr i t ium r a d i o a c t i v i t y  decays cont inuously with a h a l f -  
l i f e  of 12.3 years .  
rock m e l t  w i l l  be retarded by adsorption on rock surfaces and w i l l  
no t  migra te  beyond a s h o r t  d i s t a n c e  from t h e  cavity-chimney system. 

Other r ad ioac t ive  materials not  f i xed  i n  the  

Analysis  of t he  groundwater s i t u a t i o n  expected a f t e r  t h e  CANNIKIN test  
p o s t u l a t e s  t he  most probable mechanism (1.) by which the  groundwater 
can migrate  t o  the  sea. Two o t h e r  less l i k e l y  mechanisms (2. and 3.) 
are a180 presented.  The t h r e e  mechanisms are descr ibed below: 

1. What is now considered t o  be t h e  most l i k e l y  mode of c i r c u l a t i o n  
involves  downward movement of’  water i n t o  t h e  c a v i t y  and outward 
migrat ion through cracks ,  crevices, and i n t e r s t i t i a l  pores  i n  the  
rock t o  the  sea. The d r i v i n g ’ f o r c e  f o r  t h i s  c i r c u l a t i o n  is t h e  
hydraul ic  head from the  water in-  t h e  chimney extending up t o  t h e  
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n a t u r a l  water t a b l e  some 100 f e e t  below the  land su r face .  The 
nea res t  p o t e n t i a l  d i scharge  poin t  would be between the  s h o r e l i n e  
and t o  about a q u a r t e r  of a m i l e  o f f sho re  i n  t h e  Bering Sea. 
The migrat ion would t ake  a thousand yea r s  o r  more. 
time, the  t r i t i u m  i n  t h e  d ischarge  water would have decayed t o  
a concent ra t ion  w e l l  below t h e  p re sen t  background i n  t h e  Bering 
Sea. 

By t h a t  

2. A second mechanism which is much less probable  involves  t h e  
v e r t i c a l  mixing of water wi th in  t h e  cavity-chimney reg ion  due 
t o  thermal d i f f u s i o n  caused by t h e  h igher  temperature i n  the  
cav i ty .  
hea ted ,  a s u b s t a n t i a l  rise i n  the  temperature would be requi red  
t o  upset  t he  inherent  d e n s i t y  s t a b i l i t y .  The i n f i l l i n g  water 
produces a cool ing  e f f e c t  as does the  t r a n s f e r  of hea t  i n t o  
t h e  rubble  and surrounding media. The cool ing e f f e c t  reduces 
the  d r i v i n g  force .  E s t i m a t e s  indicate tha t  such c i r c u l a t i o n  
would be small and t h a t  i ts  e f f e c t  would be reduced by t h e  
con t inua l  oppos i t ion  from t h e  o v e r a l l  downward movement of 
water. A t  most, t h i s  is a short- term process  i n  terms of t h e  
yea r s  involved, but  may cause, a t  least i n i t i a l l y ,  some s m a l l  
f r a c t i o n  of t he  t r i t i a t e d  water t o  move upward i n  t h e  chimney 
rubble .  The increased  permeabi l i ty  i n  t h e  upper l e v e l s  o f f e r s  
a path f o r  t h e  migrat ion of t h e  water t o  t h e  sea through a 
combination of flow through cracks  and c rev ices  and i n t e r s t i t i a l  
pores  i n  the  rocks.  This  process  is es t imated  t o  t a k e  over 
a hundred years  and t o  r e s u l t  i n  t he  d ischarge  of t r i t i a t e d  
water at about t he  same concent ra t ion  as the  Radioac t iv i ty  
Concentrat ion Guide (RCG) f o r  water. This  d i scharge  area 
would be l o c a l i z e d  i n  t h e  downgradient s i d e  of t h e  i s l a n d  
(Bering Sea) from the  sho re l ine  t o  about a q u a r t e r  of a m i l e  
o f f  shore.  

Although the  water i n  the  c a v i t y  is expected t o  be 

3. A t h i r d  mechanism involves  t h e  very un l ike ly  assumption t h a t  
t he  water wi th in  the  cavity-chimney system becomes completely 
mixed, coupled wi th  a second un l ike ly  assumption t h a t  t he  flow 
through t h e  rock occurs  only  through a system of in te rconnec t -  
ing f r a c t u r e s .  Estimates using these  assumptions i n d i c a t e  
contaminated water would reach the  sea i n  about two o r  t h r e e  
years a f t e r  t h e  c a v i t y  w a s  f i l l ed - -o r  some t h r e e  years  a f t e r  
t he  explosion.  This would in t roduce  t r i t i a t e d  water i n t o  t h e  
ocean with an i n i t i a l  concent ra t ion  about 1,200 t i m e s  t h a t  of 
t he  RCG f o r  water. Because of t h e  very  small seepage rate, 
such flow would cont inue t o  f l u s h  ou t  t r i t ium-bear ing  water 
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f o r  many years .  However, e i t h e r  t h e  e f f e c t  of r ad ioac t ive  
decay o r  t h a t  of d i l u t i o n  by new groundwater, a c t i n g  
sepa ra t e ly ,  would act t o  reduce the  t r i t i u m  concent ra t ion  
of t he  c a v i t y  water t o  the  RCG l e v e l  i n  a t i m e  of about 
130 vears ;  groundwater d i l u t i o n  and r ad ioac t ive  decay 
a c t i n g  toge tner  w i l l  reduce t!ie t r i t i u m  concent ra t ion  t o  
the  RCG l e v e l  i n  perhaps 60 o r  79 years.  
of t h i s  model a l s o  imply a sharp reduct ion  i n  adsorp t ion  
sur face  and, t he re fo re ,  a t  some l a t e r  t i m e  o t h e r  radio-  
nuc l ides  such as s t ront ium, cesium, ruthenium, and antimony 
would a l s o  be introduced i n t o  tlle ocean i n  concent ra t ions  
higher  than the  RCG. 

The assumptions 

The poin t  should be made t h a t  even i f  t h i s  extreme case were t o  
e x i s t ,  d i l u t i o n  of that  water by the  sea water would take p l ace  
r ap id ly .  With the  seeping water being swept up by the  passing 
ocean cu r ren t  and mixed through t i d a l  a c t i o n  and wave ac t ion  , 
oceanographers have est imated t h a t  t h e r e  would be an e f f e c t i v e  
d i l u t i o n  f a c t o r  of about 100, 09 within a few hours. In  t h i s  
manner, t he  sea water tr i t ium’ would quickly d i l u t e  t o  l e v e l s  
comparable t o  those freahwater levels acceptab le  for l i f e t i m e  
use by humans. 

A long-term water sampling program t o  monitor and document radio- 
a c t i v i t y  on and nea r  the  i s l and  w i l l  be continued by the  USGS 
following the  detonat ion.  
from l a k e s  and streams i n  the  v i c i n i t v  of t he  LONG SHOT, MILROW, and 
CANNIKIN s i t e s ,  a s  well as background samples near  t he  base camp and 
a t  o t h e r  s e l e c t e d  points along t h e  island. In addition, sea-water 
samples  w i l l  be obtained from var ious  depths  a t  loca t ions  of fshore  
from the  th ree  test  si tes,  as well as background s a m p l e s  a t  more 
remote sites. A l l  samples vi11 be analvzed f o r  t r i t i u m ,  and any 
suspect  readings vi11 r e s u l t  i n  more d e t a i l e d  ana lys i s .  Annual 
r e p o r t s  w i l l  be d i s t r i b u t e d  desc r ib ing  t h e  r e s u l t s  of t h e  surveys.  

Water samples w i l l  be c o l l e c t e d  annually 

1The RCG for drinking water i s  used because there are no standards 
for sea water per se or for f i s h  and s h e l l f i s h  except as they are used 
for food. 
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1 THE AIfCHITKA RIOENVIROX!ENTAL PKOGRM I 

Under con t r ac t  with AEC ‘Tevada Operations Off ice ,  Rattelle Columbus 
Laboratory i n i t i a t e d  ecologica l  s t u d i e s  on Amchitka i n  1967.  
i nves t iga t ions  are  beino, c a r r i e d  out  with the  a s s i s t a n c e  of s c i e n t i s t s  
from several u n i v e r s i t i e s ,  t he  Smithsonian I n s t i t u t i o n ,  the F ish  and 
Wi ld l i f e  Service (U. S.  Department of t h e  I n t e r i o r ) ,  and t h e  Nat ional  
? . k i n e  F i she r i e s  Service (U. S.  Department of Commerce). 

The 

This Amchitka bioenvironmental program i s  designed t o :  

Charac te r ize  the  eco log ica l  f e a t u r e s  of t h e  i s l a n d  and sur- 
rounding waters; 

P r e d i c t ,  document, and eva lua te  t h e  e f f e c t s  of nuc lear  
t e s t i n g  a c t i v i t i e s  on the  b i o t a  and t h e  environment; 

Recommend measures f o r  minimizing adverse e f f e c t s  of 
nuc lear  t e s t i n g  ac t iv i t i e s  on t he  b i o t a  and t h e  
environment: and 

I d e n t i f y  needs and recommend methods f o r  environmental 
r e s t o r a t i o n  of a reas  d is turbed  by hr7C a c t i v i t i e s .  

Bioenvironmental S tudies  

The program inc ludes  s t u d i e s  of t h e  s o i l s  and eco log ica l  s t u d i e s  of 
t he  terrestrial vege ta t ion ,  avian populat ion,  f reshwater  streams 
and l a k e s ,  and of t he  marine environment surrounding t h e  i s l and .  
Also included are an a rcheologica l  survey and rad ioecologica l  s t u d i e s  
of t h e  terrestr ia l ,  f reshwater ,  and marine environment. 

Numerous sites of a rchaeologica l  i n t e r e s t  are present  on the  i s l a n d ,  
but  no systematic  a t t e m p t  t o  explore  and i n t e r p r e t  t he  p reh i s to ry  of 
Amchitka had been made p r i o r  t o  the present  opera t ions .  A team of 

1The Amchitka bioenvironmental program was the subject of a 
symporium conducted during the annual meeting of the Ecological Society 
a t  Bloomington, Indiana, i n  August 1970. (See June 15, 1971, S p e c i a l  
Issue BIOSCIENCE, Velum 21, No. 12.) 
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pro fes s iona l  a r chaeo log i s t s  has now surveyed the  i s l a n d  f o r  evidence 
of e a r l y  human occupation. Seventy-eight sites have been i d e n t i f i e d  
along t h e  sea c o a s t ,  and s ix  of t hese  have been c a r e f u l l y  excavated 
t o  f i n d  a r t i f a c t s  and determine information contained i n  them. This  
work w a s  done i n  compliance wi th  the  An t iqu i t i e s  A c t  of 1906. 

The o b j e c t i v e s  of t he  s o i l  s t u d i e s  are t o  c h a r a c t e r i z e  the  major s o i l  
types of Amchitka, and t o  i d e n t i f y  and d e f i n e  t h e  phys ica l  charac te r -  
istics of shock s e n s i t i v e  soils. E f f e c t s  of expected ground shock 
upon the  mass movement and a l t e r a t i o n s  i n  s o i l  cond i t ions  have been 
predic ted .  Af t e r  de tona t ion ,  e f f e c t s  w i l l  be documented and cor re-  
l a t e d  t o  p red ic t ions .  S o i l  c h a r a c t e r i s t i c s  have a l s o  been eva lua ted  
r e l a t i v e  t o  a s s i s t i n g  i n  reclamation of d i s tu rbed  areas. 

The p l an t  s t u d i e s  have developed b a s e l i n e  information concerning t h e  
vege ta t ion  of t he  i s l and .  P l o t s  have been e s t a b l i s h e d  f o r  long-term 
i n v e s t i g a t i o n s  of t he  e f f e c t s  of man's p a s t  and p resen t  a c t i v i t i e s  on 
the  terrestrial p l a n t  communities. The f e a s i b i l i t y  of and b e s t  methods 
f o r  r evege ta t ing  areas t h a t  have been d i s tu rbed  dur ing  s i te  prepara t ion  
and t e s t i n g  a c t i v i t i e s  are a l s o  being inves t iga t ed .  

The avian ecology s t u d i e s  are designed t o  determine t h e  k inds  and numbers 
of b i r d s  on the  i s l and .  
per iods  and n e s t i n g  sites have been determined, and food h a b i t s  of 
more important spec ie s  have been determined. P red ic t ions  have been 
made of t he  impact of t e s t i n g  a c t i v i t i e s  upon the  b i r d  l i f e  f o r  the  
d i f f e r e n t  times of t he  year. Subsequent t o  the  tes t ,  s t u d i e s  w i l l  
be conducted to  eva lua te  the  e f f e c t s .  Spec ia l  emphasis i s  devoted 
t o  endangered spec ie s ,  such as the bald  eagle and t h e  peregr ine  f a l con ,  
and t o  spec ie s  t h a t  are used f o r  food by man. 

Their  h a b i t a t s  have been i d e n t i f i e d ,  breeding 

The f reshwater  s t u d i e s  are designed t o  determine the  l imnologica l  
c h a r a c t e r i s t i c s  of Amchitka's l a k e s ,  ponds, and streams. The food 
h a b i t s  and breeding cyc le s  have been determined f o r  a l l  spec ie s  of 
f reshwater  f i s h ,  inc luding  d e t a i l e d  s t u d i e s  of salmon spawning 
a c t i v i t i e s  on the  i s l and .  Cer ta in  streams and l akes  have been se l ec t ed  
f o r  i n t e n s i v e  s t u d i e s  t o  estimate abundance, d i s t r i b u t i o n ,  movement, 
growth, s u r v i v a l ,  and m o r t a l i t y  of n a t u r a l  f i s h  populat ions.  The 
abundance and seasonal  cyc le s  of fish-food organisms have been s tudied  
and n a t u r a l  v a r i a t i o n s  i n  plankton popula t ions  and primary p roduc t iv i ty  
are being documented. 
t he  nuclear  t e s t i n g  ac t iv i t ies  upon t h e  f reshwater  
these  p red ic t ions  w i l l  be t e s t e d  by post-detonat ion s t u d i e s .  

P red ic t ions  have been made of t he  e f f e c t s  of 
organisms and 
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I n  support  of the  marine program, e x i s t i n g  information on t h e  most im-  
po r t an t  commercial spec ie s  of marine f i s h e s  and mammals t h a t  are har- 
vested around Amchitka has been compiled and summarized. These d a t a  
include information on the  seasonal  p a t t e r n s  of f i s h i n g  e f f o r t ,  f i s h i n g  
si tes,  catch s ta t i s t ics ,  l i f e  h i s t o r i e s ,  and migratory h a b i t s  of t he  
spec ie s  of major commercial importance. 
been conducted i n  search of poss ib l e  unexploi ted f i s h e r y  resources  and 
nursery grounds of commercially important spec ie s  near  Amchitka, and 
t o  develop add i t iona l  information on t h e  migratory pat terns  of va luable  
spec ies .  Basel ine phys ica l  oceanographic information has determined 
cu r ren t  p a t t e r n s  and water mass t r anspor t  rates r e l a t i v e  t o  the  Amchitka 
region. n e t a i l e d  eco log ica l  s t u d i e s  of t he  Bering Sea and P a c i f i c  Ocean 
waters nea res t  t o  t he  test area have included chemical ana lys i s  of 
water, primary p roduc t iv i ty  measurements, plankton s t u d i e s ,  and inves t iga-  
t i o n s  of t h e  a t tached  a lgae  and in-shore benth ic  fauna. P a r t i c u l a r  
emphasis has  been devoted t o  eva lua t ing  t h e  d i s t r i b u t i o n  and abundance 
of t he  sea o t t e r s '  food organisms. P red ic t ions  have been made of test 
e f f e c t s ,  and, subsequent t o  the  test ,  s t u d i e s  w i l l  be conducted t o  
document and eva lua te  any e f f e c t s .  This  e f f o r t  w i l l  inc lude  observa t ions  
f o r  k i l l s  due t o  shock e f f e c t s  and f o r  any sub-marine f a u l t  movements. 
Also, specimens w i l l  be co l l ec t ed  f o r  radiochemical ana lvs i s .  

Some explora tory  f i s h i n g  has  

The ob jec t ives  of t h e  marine mammal inves t iga t ions  inc lude  surveys of t h e  
marine mammal populat ion of the  general  area, and s p e c i a l  s t u d i e s  of t h e  
sea o t t e r s .  The sea o t t e r  s t u d i e s  inc lude  populat ion surveys,  eva lua t ions  
of sea o t t e r  populat ion dynamics, experiments t o  determine t h e  phys io logica l  
e f f e c t s  of shock waves, and inves t iga t ions  of t h e  animals' behavior as 
may be r e l a t e d  t o  the  tes t  a c t i v i t i e s .  
e f f e c t s  and subsequent s t u d i e s  w i l l  be conducted t o  i d e n t i f y  and eva lua te  
e f f e c t s  from t h e  test. 

Predic t ions  have been made of test 

The radioecology e f f o r t  inc ludes  documentation of t h e  background l e v e l s  
of s p e c i f i c  rad ionucl ides  present  i n  t h e  s o i l s ,  water, pxants and 
animals,  r e s u l t i n g  from n a t u r a l  and worldwide f a l l o u t  sources .  Food 
cha ins  whereby c e r t a i n  rad ioac t ive  materials could be t r ans fe r r ed  t o  
man o r  o t h e r  important spec ie s  i n  the  remote case of a vent ing  have 
been i d e n t i f i e d .  

Narine Food Chains 

Although t h e  C L V N I K I N  test i s  designed so  t h a t  t he  vent ing of under- 
ground r a d i o a c t i v i t y  is  extremely un l ike ly ,  as a precaut ionary measure, 
a t t e n t i o n  has  been given t o  the  poss ib l e  consequences i f  t he  maximum 
c r e d i b l e  prompt release (venting) of  a few percent of t h e  t o t a l  
r a d i o a c t i v i t y  were t o  occur soon a f t e r  t h e  detonat ion.  S'ince t h e r e  n 
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are no permanent human i n h a b i t a n t s  e i t h e r  on Amchitka o r  t h e  n e a r e s t  
i s l a n d s ,  t h e  p r i n c i p a l  quest ion about t h e  f a t e  of vented r ad ionuc l ides  
is t h a t  of contaminating marine l i f e ,  e s p e c i a l l y  f i s h  t h a t  are used 
as food by man. The Battelle Columbus Laboratory has  developed 
mathematical models and computer programs t o  p r e d i c t  t h e  d i s p e r s i o n  
of radionucl ides  i n  the  sea, uptake by marine organisms, and u l t i m a t e l y  
t h e  i n t e r n a l  r a d i a t i o n  dose t o  man consuming t h e  sea food.' 

These mathematical models and computer programs were used t o  make 
c a l c u l a t i o n s  f o r  t he  MILROW test. 

These modeling c a l c u l a t i o n s  were based on assumptions a l l  of which 
were cau t ious  t o  t h e  po in t  of being extremely unl ikely:  

That a l l  vented radionucl ides  would reach t h e  sea by a 
p red ic t ed  f a l l o u t  p a t t e r n  and by runoff of f a l l o u t  from 
t h e  land t o  t h e  sea; 

That a l l  of the  radionucl ides  would remain wi th in  the  
volume of water i n  which they were deposi ted;  

That a l l  of man's food f i s h  would remain i n  t h i s  volume 
of sea water u n t i l  caught and ea t en  so t h a t  t h e  radio- 
nuc l ides  i n  t h e i r  bodies would have reached an 
equ i l ib r ium level ;  and 

That man m u l d  consume t h i s  food a t  a r a t e  of 66 pounds 
pe r  year  commencing 30 days a f t e r  t he  detonat ion and 
cont inuing throughout his l i f e t i m e .  

IBloom, S. G .  and Raines, G. E . ,  Simulation Studies  a s  Related t o  
the  Ecolonical  E f f e c t s  of Underground Test inn of Nuclear Devices on 
Amchitka I s l and  : Annual ProRress Report. Amchitka Bioenvironmental Pro- 
gram. Report BMI-171-118 (Columbus, Ohio: B a t t e l l e  Memorial I n s t i t u t e ,  
February 1969). 

Bloom, S. G. and Raines, G .  E . ,  A Preliminary Mathematical Model f o r  
P r e d i c t i n g  the  Transport  of Radionuclides i n  the  Marine Environment. 
Amchitka Bioenvironmental Program. Report BMI-171-123 (Columbus, Ohio: 
B a t t e l l e  Memorial I n s t i t u t e ,  November 20, 1969). 

Bloom, S. G. and Raines, G.  E . ,  Simulation Studies  a s  Related t o  t h e  
Ecological  E f f e c t s  of Underground Test ing of Nuclear Devices on Amchitka: 
Annual P r o m e s s  Report Ju ly  1, 1969 - June 30, 1974. Amchitka Bioenviron- 
mental Program. Report EMI-171-138 (Columbus, Ohio: Battelle Memorial 
I n s t i t u t e ,  I n  Press). 
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On t h e  b a s i s  of t h i s  modeling c a l c u l a t i o n ,  t h e  o v e r a l l  t o t a l  dose 
t h a t  w a s  hypo the t i ca l ly  poss ib l e  t o  man under these  assumed condi- 
t i o n s  w a s  only 1.10 r e m  t o  t i m e  i n f i n i t y .  It is of s p e c i a l  i n t e r e s t  
t h a t  of t h i s  t o t a l  t h e  cumulative hypo the t i ca l  tritium dose f o r  
50 years  t o t a l e d  only 1 . 6 ~ 1 0 ' ~  rem. 

Similar  c a l c u l a t i o n s  are being done f o r  CANNIKIN as source-term 
d a t a  is developed f o r  t h e  CANNIKIN device.  

It is a n t i c i p a t e d  t h a t  t h e  r e s u l t s  of t hese  comparable but more 
complete c a l c u l a t i o n s  f o r  t h e  CANNIKIN case w i l l  not  be substan- 
t i a l l y  d i f f e r e n t  from t h e  r e s u l t s  of t h e  MILROW ca lcu la t ions .  
Because of t he  r e l a t i v e l y  slow rates of groundwater migrat ion,  
a p p l i c a t i o n  of similar mathematical modeling and computer calcula-  
t i o n s  t o  hypo the t i ca i  mechanisms f o r  t r a n s p o r t  of groundwater t o  
the sea would n e c e s s a r i l y  r e s u l t  i n  p r e d i c t i o n s  of dose much 
smaller than the  p r e d i c t i o n s  descr ibed above for t h e  vent ing model. 

S U W Y  OF NILROW BIOENVIROIW?NTAL PREDICTIONS 

P r i o r  t o  NILROW, e x i s t i n g  bioenvironmental cond i t ions  i n  t h e  ter- 
res t r ia l ,  f reshwater ,  and marine ecosystems were documented. S tud ie s  
began immediately following the  ?IILROW t e s t  t o  determine prompt 
e f f e c t s .  These s t u d i e s  are cont inuing t o  d e t e c t  any l a t e n t  o r  
delayed e f f e c t s .  

On the  b a s i s  of two yea r s  of bioenvironmental s t u d i e s  and experience 
i n  o t h e r  nuc lea r  t es t  programs--especially the  LONG SHOT test on 
Amchitka i n  October 1965--the following p r e d i c t i o n s  were made by t h e  
Bat te l le  Columbus Laboratory of t he  probable bioenvironmental e f f e c t s  
of f i r i n g  the MILROW test i n  October 1969: 

"Since t h e  MILROW test is designed t o  make i t  improbable t h a t  
any r a d i o a c t i v i t y  w i l l  be r e l e a s e d  by prompt ven t ing  o r  
seepage t o  t h e  freshwater ,  terrestrial, and marine ecosystems, 
a r a d i a t i o n  hazard is no t  predicted.  However, i f  vent ing 
should occur,  t h e  hazard would n o t  be as g r e a t  i n  October as 
i f  it occurred during t h e  per iod of May through September. 
October, t h e  b i r d  n e s t i n g  season is  ove r ,  t he  peak of t h e  
commercial f i s h e r i e s  has passed, and few salmon are i n  t h e  
waters o f f  Amchitka. Emperor geese winter  a t  Amchitka, num- 
be r ing  several hundred i n  October and subsequently bu i ld ing  
up t o  a maximum of around 10,000 i n  mid-winter. The only 
commercial f i s h e r i e s  remaining active near Amchitka i n  
October would be f o r  h a l i b u t  and o t h e r  bottom f i s h .  

By 

Q 
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"Effec ts  of overpressure  i n  t h e  marine ecosystem, i f  t h e  device 
produces the  shock and o t h e r  se i smic  e f f e c t s  p red ic t ed ,  are 
expected t o  be minor. Overpressure pu l ses  may cause lung 
damage t o  sea o t t e r s  t h a t  are i n  the  water o f f  t h e  south coas t  
near  su r face  zero. Perhaps 5 t o  10 o t t e r s  could be so a f f e c t e d .  
Temporary h a b i t a t  d i s tu rbances  of sea o t t e r s  and some f i s h  
species may r e s u l t .  
dur ing  October than a t  o t h e r  per iods  such as s p r i n g  and summer 
when marine spec ie s  of f i s h  are more numerous and are 
reproducing o r  l a te  winter  when environmental  condi t ions  are 
less favorable  f o r  sea o t t e r  s u r v i v a l  than during the  remainder 
of t he  year. 

These e f f e c t s  w i l l  be less hazardous 

"Ground shock from the  MILROW event w i l l  a f f e c t  t h e  terrestrial  
and f reshwater  ecosystems i n  c l o s e  proximity t o  t h e  test si te.  
A p o t e n t i a l  de t r imen ta l  e f f e c t  is t he  l o s s  of n e s t i n g  sites on 
sea s t acks  and c l i f f  areas f o r  b i r d s  such as the  ba ld  eag le  
and peregr ine  falcon.  One eagle  n e s t  is 1 . 7  m i l e s  from su r face  
zero;  four  more are 2-3 m i l e s  from i t .  The p o t e n t i a l  hazards  
to  r e s i d e n t  populat ions w i l l  be reduced by t e s t i n g  dur ing  
October, a f t e r  b i r d s  have completed t h e i r  n e s t i n g  and a f t e r  
j u v e n i l e  salmon have migrated t o  sea. Tes t ing  when t h e  s o i l  
moisture  conten t  is  low w i l l  minimize changes such as bank 
slumping, d e b r i s  s l i d e s ,  and l i q u e f a c t i o n  of mineral  s o i l s .  

"The major changes t h a t  w i l l  be produced i n  the  Amchitka eco- 
systems by the  MILROW event  probably have a l ready  occurred.  
These are the  changes a s soc ia t ed  wi th  cons t ruc t ion  and s i te  
p repa ra t ion  a c t i v i t i e s .  Some of these changes may be m i t i g a t e d  
a f t e r  t h e  test by r evege ta t ion  e f f o r t s . ' '  

SUMMARY OF MILROW BIOENVIRONMENTAL EXPERIENCE' 

Experiments were conducted dur ing  MILROW t o  a i d  i n  p red ic t ing  b i o l o g i c a l  
e f f e c t s  from a f u t u r e  test of g r e a t e r  y i e ld .  Sea ot ters ,  f reshwater  
f i s h ,  ocean f i s h ,  and crabs  were placed i n  experimental  pens i n  t h e i r  
n a t u r a l  h a b i t a t s  t o  s tudy t h e i r  responses  t o  shock f o r c e s  from MILROW. 
Following the  de tona t ion ,  survey p a r t i e s  reconnoi tered t h e  area around 
the  test s i te  by h e l i c o p t e r ,  boa t ,  and on f o o t  t o  search  f o r  any dead 
o r  i n ju red  f i s h ,  marine mammals, or  b i r d s .  These surveys s t a r t e d  a 
few hours a f t e r  t he  shot  and cont inued f o r  s e v e r a l  days. 30 c a s u a l t i e s  

lKirkwood, James B., Bioenvironmental Safety S tud ie s ,  Amchitka 
I s l a n d ,  Alaska: MILROW M-2 Months Report .  Amchitka Bioenvironmental 
Program. Report BMI-171-126 (Columbus, Ohio: B a t t e l l e  Memorial 
I n s t i t u t e ,  March 20, 1970). 



were observed i n  unconfined populat ions of sea o t t e r s ,  sea l i o n s ,  o r  
harbor seals. A group of up t o  about 15  harbor seals were observed on 
rocks i n  a cove on the  P a c i f i c  Coas t l ine ,  about two m i l e s  from MILROW 
su r face  zero,  a few days before  the  test .  These animals were photo- 
graphed a t  the  same l o c a t i o n  a few hours post-PIILROW, and were observed 
t o  have suf fered  no adverse e f f e c t s  from t h e  tes t .  One dead porpoise  
was found t h a t  had d ied  due t o  a r i b  punctur ing a lung;  cause of t h e  
f r a c t u r e  could no t  he determined. The only c a s u a l t i e s  i n  f reshwater  
h a b i t a t s  were some of t h e  small s t i ck leback  f i s h  i n  two ponds ha l f  a 
m i l e  from su r face  zero. No dead o r  i n ju red  b i r d s  were found. 

None of t he  marine f i s h  o r  c rabs  maintained i n  holding pens during t h e  
de tona t ion  were harmed. One sea o t t e r  t h a t  had been confined t o  a 
test pen f l o a t i n g  i n  t h e  sea 9,200 f e e t  from the  ?IILROW surface  zero 
was  found dead a f t e r  t he  shot .  Autopsy of t h i s  o t t e r  d i d  no t  reveal 
any shock i n ju ry ;  i.n f a c t ,  no cause of dea th  could be determined. 
(It is poss ib l e  t h a t  the  animal succumbed t o  t h e  stress of handl ing 
and confinement--a r e a c t i o n  commonly encountered when o t t e r s  are i n  
c a p t i v i t y . )  There were 24 a d d i t i o n a l  o t t e r s  in t he  test  pens. 
O f  these , four  escaped before  t h e i r  recovery from t h e  pens. Observation 
of t h e  20 remaining o t t e r s  i nd ica t ed  t h a t  a l l  survived and were i n  good 
hea l th .  Four of these  20sea  o t t e r s  were s a c r i f i c e d  th ree  days a f t e r  
MILROW t o  l e a r n  i f  any phys ica l  damage had been i n f l i c t e d  as a r e s u l t  
of t h e  t es t .  None w a s  de tec ted .  

Disturbances of t h e  land su r faces  caused by MILROW were l a r g e l y  con- 
f ined  t o  t h e  area wi th in  a two-mile r a d i u s  of su r face  zero.  With few 
except ions,  t h e  d i s rup t ions  of t he  o rgan ic  vege ta t ion  m a t  were con- 
f ined  t o  a 3,000-foot r a d i u s  around su r face  zero.  Disrupt ion of t h e  
drainage system w a s  t h a t  caused by t h e  genera l  su r f ace  subsidence wi th in  
about 1,500 f e e t  of su r f ace  zero.  Rockfal ls  and pea t  and d e b r i s  s l i d e s  
occurred along the  coas t  mainly a t  si tes which had been weakened by 
n a t u r a l  processes  such as wave e ros ion  and f r o s t  ac t ion .  About 3,800 
cubic  yards  of material f e l l  a long t h e  coas t  on t h e  P a c i f i c  s i d e  of  
Amchitka. 
Sea s ide .  
i n  a p lace  where, judging from preshot  observa t ions ,  t h e  headland has  
been sub jec t  t o  l a r g e  n a t u r a l  r o c k f a l l s  during pas t  years .  No eag le  
o r  peregr ine  fa lcon  n e s t s  were destroyed.  There were a l s o  s l i d e s  on 
cu t  banks along a road bes ide  the  harbor.  

About 10,000 cubic  yards  of r o c k f a l l  occurred on the  Bering 
Most of t h i s  l a t te r  t o t a l  can be accounted f o r  by one s l i d e  

As descr ibed above, s c i e n t i f i c  observa t ion  of two previous nuc lear  
explosions has  shown very  l i t t l e  damage t o  f i s h  and animal populat ions 
and very l i t t l e  d is turbance  of t h e  landscape. 
experiment is such t h a t  i t s  phys ica l  e f f e c t s  on Amchitka w i l l  be 
roughly comparable t o  those of IIILROW. 

Design of t h e  CANNIKIN 
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PREDICTIONS OF EFFECTS FRON CANNIKIN (The following p r e d i c t i o n s  
are based i n  p a r t  on t h e  assumption t h a t  t h e  CANNIKIN t es t  would 
be done i n  the autumn.) 

Rad ioac t iv i ty  

The CANNIKIN test is designed t o  r e t a i n  a c t i v i t y  underground and 
t h e  chance of prompt release of r a d i o a c t i v i t y  t o  the  biosphere is 
remote. Groundwater w i l l  gradual ly  t r a n s p o r t  a c t i v i t y  away from 
the  explosion source and may even tua l ly  discharge t o  t h e  ocean with 
t r i t i u m  concen t r a t ions  near  t o  p re sen t  background l e v e l s  f o r  the 
Bering Sea. 

Upon reaching t h e  sea f l o o r  i n t e r f a c e ,  d i l u t i o n  would f u r t h e r  
reduce t h e  t r i t i u m  concentrat ion.  Other i so topes  are r e t a rded  by 
s o r p t i o n  and t r i l l  be below maximum concentrat ion levels be fo re  
reaching t h e  sea. 
e a r t h ' s  su r f ace  and be r a p i d l y  d i s s i p a t e d  t o  l e v e l s  w e l l  below 
app l i cab le  K C G ' s .  

Radioisotopes of noble gases w i l l  seep t o  the  

Terrestrial Ecosystems 

The main impact on the  terrestrial  ecosystem w i l l  be the occurrence 
of rock and e a r t h s l i d e s  along c o a s t a l  areas and t h e  p o s s i b l e  
r e s u l t a n t  e f f e c t s  on b i r d  n e s t i n g  h a b i t a t s .  About 14,000 cubic  
yards  of rock and p e a t  materials were d i s l o c a t e d  by XILROW. 
t h e  y i e l d  of CANNIKIN w i l l  be l a r g e r  and because t h e  i n s t a b i l i t y  
of t he  soils i n  t h e  CAKiIKIN area w i l l  be greater, t h e  d i s tu rbances  
of rock and peat  w i l l  probably be more extensive.  Numerous massive 
slumps of f o s s i l e  sand dune materials may occur along t h e  Bering 
Sea s h o r e l i n e ,  near  t h e  C A N N I K I N  s i t e .  I f  t h e r e  w e r e  severe  damage 
t o  sea s t a c k  and sea c l i f f  n e s t i n g  areas of ba ld  eag le s  and peregrine 
f a l cons ,  it could a f f e c t  t h e i r  reproduct ive success  i n  subsequent 
breeding seasons. Orn i tho log i s t s  es t imated t h a t  55 p a i r s  of bald 
eag le s  and 19 p a i r s  of pe reg r ine  f a l c o n s  nes t ed  on Amchitka during 
1970. 
four  m i l e s  from CANNIKIM s u r f a c e  zero are as fol lows:  

Because 

The numbers of eag le  and f a l con  n e s t s  counted i n  1970 wi th in  

DISTANCE FROM SURFACE ZERO NUMBER OF NESTS 
(MILES) BALD EAGLES PEREGRINE FALCONS 

0 t o  1 
1 t o  2 
2 t o  3 
3 t o  4 

0 
2 
3 
3 

r \  
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Based on NILROW, r o c k f a l l s  could occur  t o  a d i s t a n c e  of four  m i l e s  
from CANNIKIN.  Ext rapola t ion  from YILROW experience i n d i c a t e s  t h a t  
CANXIKIN may damage one o r  two eag le  o r  f a l con  nes t ing  s i tes  so 
severe ly  t h a t  they would be unsu i t ab le  as f u t u r e  n e s t i n g  loca t ions .  
This amount of damage t o  n e s t i n g  sites would n o t  a f f e c t  t h e  repro- 
duct ion p o t e n t i a l  o r  populat ions of t h e i r  spec ie s ,  nor should t h e r e  
be any measurable e f f e c t s  on populat ion d e n s i t y  o r  reproduct ion 
p o t e n t i a l  of t he  o the r  avian spec ie s  as a r e s u l t  of t he  CANNIKIN 
test. 

Rockfal ls  may a l s o  cause damage t o  one a rchaeologica l  s i te  s i t u a t e d  
on a c l i f f  edge near  t h e  CA;\JNIKIN s i t e .  

It is probable t h a t  a saucer-shaped su r face  depression w i l l  form 
above the  CANNIKIN emplacement l o c a t i o n  as i t  d i d  i n  t h e  case of 
XILROW (see  Appendix). It could be as l a r g e  as about 4,000 f e e t  
i n  diameter from crest t o  crest, and anywhere from a few f e e t  t o  
100 f e e t  deep a t  t h e  cen te r .  As on YILROW, t h i s  will cause 
numerous c i r cumfe ren t i a l  tears and cracks i n  t h e  t u r f .  

Topographic changes r e s u l t i n g  from CANNIKIN w i l l  a l ter  s o i l  drain-  
age i n  some l o c a t i o n s  and t h i s  will cause changes i n  some p l a n t  
community s t r u c t u r e s ,  but  t h i s  is n o t  expected t o  be ex tens ive .  
A s  during XILROW, t he  most spec tacu la r  e f f e c t s  on vege ta t ion  should 
be the  d is turbance  of moss mounds by ground shock e f f e c t s .  How- 
ever, because of d i f f e r e n c e s  i n  the  composition and d i s t r i b u t i o n  
of p l an t  communities, C A h N K I N  w i l l  a f f e c t  f eve r  moss mounds than 
XILROW . 
Freshwater Ecosystems 

Amchitka I s land  con t r ibu te s  very l i t t l e  t o  salmon f i s h e r i e s .  Pink 
salmon are the  most abundant species of salmon on Amchitka and 
s i l v e r  salmon are encountered occas iona l ly .  Red salmon are rare. 
Freshwater and i n t e r t i d a l  spawning is w e l l  d i s t r i b u t e d  around t h e  
i s l a n d ,  but  only a s m a l l  number of f i s h  are found. This  is  
probably because t h e  streams are small and t h e i r  d ra inages  s h o r t .  

Experience gained during :IILROW and LONG SHOT, coupled with t h e  
water overpressure pulse  p red ic t ions ,  i n d i c a t e s  t h a t  t h e  C A N N I K I N  
test should not  a f f e c t  Dolly Varden char ,  o r  salmon populat ions 
on the  i s l and .  Salmon have been found i n  2 1  streams; four  of t h e  
streams warrant s p e c i a l  a t t e n t i o n  because of t h e i r  proximity t o  
t h e  CANNIKIN s i te .  A l l  four  streams supported spawning pink salmon 
during surveys conducted dur ing  1970; t h e  nea res t  redd was 1 . 7  
miles from su r face  zero.  In  these  fou r  streams, only a t o t a l  of n 



- 35 - 

31 pink salmon and 9 redds were observed dur ing  the  1970 spawning 
season. (Two of t he  four  streams a l s o  had lesser numbers of s i lver  
salmon.) One of t hese  streams, Bridge Creek, t h r e e  m i l e s  from 
s u r f a c e  zero ,  a l s o  contained spawning salmon dur ing  1969 bu t  i t  i s  
not  known whether o r  not t h e  o t h e r  t h r e e  streams support  an odd-year 
run. It should be noted t h a t  pink salmon always have a two-year 
l i f e  cyc le .  
Amchitka, inc luding  t h e  four  streams mentioned above. Although i t  
is not  poss ib l e  t o  p r e d i c t  wi th  confidence the  e f f e c t s  t h a t  shock 
from the  de tona t ion  may have on f i s h  i n  these  s t reams,  i t  is  
encouraging t o  no te  t h a t  Dolly Varden confined t o  l i v e  boxes i n  ponds 
2,500 f e e t  from s u r f a c e  zero i n  LONG SHOT and 2,000 f e e t  i n  MILROW 
survived those de tona t ions  without apparent harm. It is poss ib l e  
t h a t  some f i s h  i n  t h e  c l o s e s t  streams w i l l  be i n j u r e d  o r  k i l l e d  by 
CANNIKIN shock e f f e c t s ,  but a t  worst  t h i s  would a f f e c t  only a small 
f r a c t i o n  (1-10% depending on spec ie s )  of t h e  t o t a l  i s l a n d  populat ions.  

Dolly Varden char  have been found i n  34 streams on 

Some s m a l l  s c r a p f i s h  ( th reesp ine  s t i ck lebacks )  w i l l  be k i l l e d  i n  some 
of t he  l a k e s  ad jacent  t o  the  CANNIKIN su r face  zero. 
t h a t  w i l l  be a f f e c t e d  are few and not  nursery  areas f o r  salmons smol t s ,  
t h i s  e f f e c t  is considered of minor importance. Changes of plankton 
l e v e l s  i n  nearby ponds may occur ,  bu t  t h i s  would be t r a n s i e n t  and 
not  a problem. 

Since the  l akes  

Minor changes i n  drainage p a t t e r n s  are expected and d ra in ing  of one 
o r  two ponds is poss ib l e ;  t h i s  w i l l  r e s u l t  i n  changes i n  the  s tanding  
crops of several species of p l a n t s  and animals i n  these  bodies  of 
water. No major salmon o r  Dolly Varden spawning o r  r e a r i n g  areas 
would be a f f ec t ed .  

As f a r  as the  o v e r a l l  f reshwater  ecosystem is  concerned, t h e  p r i n c i p a l  
eco log ica l  e f f e c t s  of CANNIKIN are l i k e l y  t o  be produced dur ing  s i te  
cons t ruc t ion  and opera t ions  where sediments,  and poss ib ly  escaped 
waste m a t e r i a l s ,  may be c a r r i e d  by n a t u r a l  d ra inage  pathways i n t o  
nearby streams and ponds. While some waste materials have reached 
streams and ponds, ex tens ive  e f f o r t s  are being made t o  minimize such 
mishaps. 

Marine Ecosystems 

Fie ld  s t u d i e s  which included observa t ions  dur ing  the  MILROW test  have 
shown t h a t  f o r  t he  CANNIKIN test t h e  e f f e c t s  of overpressure  i n  the  
marine ecosystem should be expected t o  be minor. 



Sea Otters 

E s t i m a t e s  of the t o t a l  populat ion of sea o t t e r s  a t  Amchitka vary depend- 
ing upon when and under what condi t ions  the  counts  were made. 
t he  per iod of 1969 t o  1373, o t t e r  counts ranged from 2,5q9 t o  4,000. 

During 

Overpressures g r e a t e r  than 1Oc)  p s i  may rup tu re  sea o t t e r  tympanic 
membranes (eardrums) which u l t ima te ly  can be expected t o  cause death 
i n  o t t e r s  so a f f e c t e d  i f  they are unable t o  d ive  f o r  food. Over- 
pressures  of t h i s  magnitude a t  t h e  sea f l o o r  may extend ou t  t o  r a d i i  
of about f i v e  m i l e s  from C A N N I K I N ;  however, a t  any given l o c a t i o n ,  
t he  overpressure depends on water depth and decrease.s t o  zero a t  
t h e  sur face .  The number of o t t e r s  w i th in  a f ive-mile  r ad ius ,  of 
course,  d i f f e r s  from t i m e  t o  t i m e ,  but  estimates based on counts 
have ranged from 200 t o  700, inc luding  t h e  p e r t i n e n t  s ec t ions  of 
both the  Bering and P a c i f i c  coas t s .  

n 

Typica l ly  during mid-day, o t t e r s  i n t e r s p e r s e  d ives  for food-gathering 
with per iods  of grooming and rest on t h e  su r face .  Again, estimates 
vary about t h e  f r a c t i o n  of animals t h a t  might be down on the  sea 
f l o o r  during mid-day; on a t y p i c a l  autumn day, i n  t h e  area of 
i n t e re s t - - the  latest  estimates range from 197; t o  15%. 

Combining these  l a t t e r  two estimates y i e l d s  a p red ic t ion  t h a t  20 
t o  100 sea o t t e r s  might be exposed t o  overpressures  from CANNIKIN 
t h a t  could be severe  enough t o  rup tu re  t h e i r  eardrums and u l t ima te ly  
r e s u l t  i n  t h e i r  death.  To p lace  t h i s  p red ic t ion  i n  pe r spec t ive ,  
i t  should be noted t h a t  dur ing  t h e  per iod  1962 through J u l y  1970, 
t he  Alaska Department of Fish and Game  k i l l e d  901 Amchitka sea 
o t t e r s  f o r  t h e i r  p e l t s .  This  i s  i n  accord with convent ional  game 
management p r a c t i c e s  as a means of keeping animal populat ions i n  
balance with t h e i r  food supply.  In so fa r  as can be determined, t he  
removal of about 1,250 sea o t t e r s  from Amchitka s ince  1967, i n  
t r a n s p l a n t s ,  ha rves t s ,  and f o r  experimental  use ,  has  not  had a 
p r e j u d i c i a l  e f f e c t  on t h e i r  populat ion.  Therefore ,  even i f  shock 
e f f e c t s  of C A N N I K I N  should cause some m o r t a l i t y  as d iscussed  above, 
t he  n e t  e f f e c t  on t h e  Amchitka populat ion should no t  be of long 
dura t ion .  

Sea Lions and Harbor Sea l s  

The Amchitka sea l i o n  and harbor  seal  populat ions are not  expected 
t o  be a f f ec t ed  by CAKNIKIN.  During the  f a l l ,  most of t h e  sea l i o n s  
are a t  hauling-out areas too f a r  from su r face  zero  t o  s u f f e r  any 
adverse e f f e c t s  from ground motion o r  overpressure  (e.g., a t  
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Column Rocks, some 13 m i l e s  d i s t a n t  i n  t h e  P a c i f i c ,  o r  a t  Ivakin 
Point  about 14 miles away, on the  Bering coas t ) .  Small groups 
of harbor seals may be somewhat c l o s e r  t o  su r face  zero.  
few such ind iv idua l s  should be k i l l e d  by ground motion o r  over- 
pressure  from CANNIKIN,  e a r l y  r e s t o r a t i o n  of t he  i s l a n d  seal 
populat ion would be a n t i c i p a t e d  by normal populat ion growth of 
groups beyond the  range of damage. 

I f  a 

Commercial F i s h e r i e s  

Bioenvironmental program s c i e n t i s t s  are conf ident  t h a t  populat ions 
of commercial f i s h  and s h e l l f i s h  spec ies  w i l l  no t  be endangered 
from C A X N I K I N .  There is  unce r t a in ty ,  however, as t o  t h e  e x t e n t  
t o  which overpressure and underpressure pu l ses  i n  the  sea could 
cause i n j u r y  t o  f i s h .  Those spec ie s  such as cod and rockf i sh  
having a i r  bladders  t h a t  are not  connected t o  t h e  al imentary cana l  
are considered t o  be the  most vu lnerable  t o  abrupt  pressure  changes. 
For tuna te ly ,  t he  most important commercial spec ie s  of rock f i sh ,  
t he  P a c i f i c  ocean perch, migrates  t o  deeper water i n  t h e  f a l l  
(about 150 fathoms) and w i l l  probably be ou t  of t h e  area of grea t -  
est r i s k .  Estimates of pressure  e f f e c t s  t o  ocean f i s h  range from 
the  most probable expec ta t ion  t h a t  only a few f i s h ,  p r imar i ly  cod 
and rock f i sh  spec ie s ,  w i l l  be k i l l e d ,  t o  t h e  un l ike ly  p o s s i b i l i t y  
t h a t  c a s u a l i t i e s  may inc lude :  hundreds of f i s h  i n  t h e  near-shore 
area such as P a c i f i c  cod and dusky rockf i sh ;  a few salmon i n  
deeper off-shore water; hundreds of  f i s h  such as Atka, mackerel, 
l a n t e r n  f i s h ,  rockf i sh ,  and smelt i n  mid-water, of f-shore areas ; 
and thousands of rockf i sh  and P a c i f i c  cod i n  off-shore bottom areas. 
I n  any event ,  t h e  poss ib l e  l o s s e s  would be l o c a l i z e d  c l o s e  t o  Amchitka 
I s l and .  

Construct ion A c t i v i t i e s  

The area of Amchitka is about 114 square miles o r  73,000 acres. The 
Department of t he  I n t e r i o r ' s  r e s i d e n t  b i o l o g i s t  estimates t h a t  950 
acres of land have been d i s tu rbed  by va r ious  ope ra t iona l  a c t i v i t i e s  
assoc ia ted  with prepara t ion  f o r  FIILROW and CANNIKIN. These ac t iv i t i e s  
inc lude  road bui ld ing  and improving, d r i l l - s i t e  development, and t h e  
development of material supply areas. The d is turbance  inc ludes  79 
acres of l ake  and 7.5 m i l e s  of stream p o l l u t i o n ,  most1.y from s p i l l s  
o r  l eaks  of d r i l l i n g  mud. During t h e  e a r l y  phases of cons t ruc t ion ,  
t h e r e  w a s  some i l l e g a l  d i s turbance  of middens d e s p i t e  warnings and 
some off-road d is turbance  by t racked  veh ic l e s .  

Approximately ha l f  of the  d i s tu rbed  950 acres i s  on land used previous ly  
f o r  roads,  a i r c r a f t  taxiways, o r  borrow p i t s  by the  m i l i t a r y  during 
World War 11. About 500 acres are new disturbances--0.7? of t h e  
i s l a n d  area. 
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The AEC-constructed camp f a c i l i t i e s  were designed f o r  an i n i t i a l  
populat ion of 500 men and la ter  enlarged t o  accommodate t h e  peak 
populat ion of 774 men on September 8, 1969. A t  MILROW shot-time, 
137 men were a t  t h e  northwest camp and Control Poin t .  The peak 
populat ion f o r  CAiJNIKIN is  expected t o  be around 740, and t h e  popu- 
l a t i o n  a t  shot-time is  expected , to  be around 200. 

The AEC has  a l s o  put i n t o  use var ious  World War I1 and LONG SHOT 
f a c i l i t i e s  a f t e r  renovation. These inc lude  two a i r c r a f t  hangars,  
several small warehouses, t ra i ler  and o f f i c e  u n i t s ,  roads,  t he  
a i r s t r i p ,  dock f a c i l i t i e s ,  f u e l  s to rage  tanks ,  water, and sewage 
systems. The main road network necessary t o  support  t h e  program 
follows the  rou te  of a World War I1 road and j eep  t r a i l  along the  
l eng th  of t he  i s l a n d ,  although some new branch roads have been 
cons t ruc ted  t o  support  t he  cu r ren t  test program. 

The garbage d i sposa l  area is  on t h e  s i t e  of a World War I1 pit--a 
four-acre combination burn and cu t -and-f i l l  opera t ion .  For sewage 
d i sposa l ,  t h e  AEC cons t ruc ted  ae ra t ed  sewage lagoons t o  service a l l  
f a c i l i t i e s  on t h e  i s l and .  Locations and methods were approved by 
the  r e s i d e n t  r ep resen ta t ives  of t h e  Fish and Wi ld l i f e  Service.  

A l l  of the  support  f a c i l i t i e s  which have been b u i l t  a t  Amchitka f o r  
t h e  test ope ra t ions  have been designed i n  a n t i c i p a t i o n  of t h e  ground 
motion t o  which they would be subjec ted  dur ing  tests. F a c i l i t i e s  
conta in ing  f l u i d s  w i l l  be contained a t  s a f e  l e v e l s  o r  emntied before  
t h e  test i f  t he re  is  a s e r i o u s  p o s s i b i l i t y  of damage which could 
lead  t o  a l e a k  o r  s p i l l .  A s  an a d d i t i o n a l  precaut ion ,  containment 
berms have been cons t ruc ted  around bulk s to rage  tanks.  

Drinking water f o r  the  main camp i s  taken from a sp r ing  j u s t  no r th  
of t he  main a i r s t r i p .  Water from t h i s  source is c a r r i e d  t o  the  d r i l l  
sites. Drinking water f o r  t he  northwest camp and Control Point  is  
obtained from a r e h a b i l i t a t e d  World War I1 dammed spr ing .  D r i l l i n g  and 
cons t ruc t ion  water i s  taken from nearby l a k e s  under the  guidance and 
approval of t he  Fish and Wi ld l i f e  Service r ep resen ta t ive  on the  
i s l and .  A t  no t i m e  has  t h e  Amchitka potab le  water supply been 
contaminated from any of the  AEC opera t ions ,  except  f o r  small amounts 
of s i l t  en te r ing  the system when new f a c i l i t i e s  were added and, 
b r i e f l y ,  a t  t he  t i m e  of t he  MILKOW test .  The d r i l l i n g  opera t ions  
have caused some damage t o  f reshwater  streams inadver ten t ly .  In  p a r t ,  
t h i s  happened when o i l  w a s  in t roduced as a supplemental d r i l l i n g  
f l u i d  but t h i s  use was discont inued a f t e r  1968. The streams so damaged 
are recovering s a t i s f a c t o r i l y .  
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Field r e p r e s e n t a t i v e s  of t h e  AEC and t h e  Department of t h e  I n t e r i o r  
a t  Amchitka have developed plans f o r  measures t o  be c a r r i e d  o u t  so  
t h a t  Amchitka I s l and  w i l l  be r e s t o r e d  t o  a s a t i s f a c t o r y  cond i t ion  
be fo re  the  AEC leaves t h a t  site. 

After  t h e  success fu l  completion of C A N N I K I N ,  t h e  AEC in t ends  t o  vaca te  
Amchitka, l eav ing  t h a t  i s l a n d  as n e a r l y  as p o s s i b l e  i n  t h e  condi t ion 
i n  which i t  was found t o  be i n  1967. A l l  d e b r i s  c r ea t ed  on Amchitka 
as a r e s u l t  of t h e  AEC's  a c t iv i t i e s  w i l l  be removed from t h e  i s l a n d  
o r  buried i n  a l o c a t i o n  t h a t  has been designated f o r  t h a t  purpose. 
A l l  s t r u c t u r e s  e r e c t e d  on Amchitka by t h e  AEC w i l l  be removed except 
f o r  s p e c i f i c  bu i ld ings  which the  Department of t h e  I n t e r i o r  wishes 
l e f t  i n  place.  
taxiways, and roads will be l e f t  i n  p l ace ,  
l e f t  a t  Amchitka as a r e s u l t  of t h e  World War I1 a c t i v i t i e s  w i l l  
have been removed by t h e  AEC i n c i d e n t a l  t o  i ts  general  cleanup 
ac t iv i t i e s .  To t h e  ex ten t  f e a s i b l e ,  areas t h a t  have been d i s tu rbed  
through AEC ac t iv i t ies  w i l l  be r e s t o r e d  by l e v e l i n g  o r  contouring,  
and reseeding. 
r evege ta t ion  w i l l  be s e l e c t e d  with t h e  approval of U. S. Fish and 
Wi ld l i f e  Service r ep resen ta t ives .  

Ex i s t ing  paved areas such as t h e  a i r p o r t  runways, 
Some bu i ld ings  and d e b r i s  

Res to ra t ion  methods and p l a n t  spec ie s  t o  be used f o r  

Other E f f e c t s  

I n  cons ide r ing  the  poss ib l e  e f f e c t s  of C A W I K I N ,  i t  was determined 
t h a t  t h e  U. S. Army had disposed of a l a r g e  number of con ta ine r s  
of mustard gas and L e w i s i t e  i n  1947 by dumping them a t  sea near  
Attu I s l and  a t  a d i s t a n c e  of about 240 m i l e s  from Amchitka. There 
w a s  t h e  quest ion of whether CANNIKIN might cause these  materials 
to be r e l e a s e d  t o  the  ocean. A t  a distance of about 240 m i l e s ,  
t he  CANNIKIN explosion w i l l  appear as a simple seismic wave with 
no s i g n i f i c a n t  dis turbance of t h e  sea f l o o r .  
w i l l  be minimal a t  t h e  l o c a t i o n  of t h e  mustard gas and L e w i s i t e  
con ta ine r s ,  t h e  CANNIKIN test should have no e f f e c t  upon those 
con ta ine r s .  It should be noted t h a t  t h e r e  have been t h r e e  earth- 
quakes of magnitude 7.0 o r  g r e a t e r  i n  the  Aleut ian I s l a n d s  west 
of Amchitka s i n c e  1347. Each of t h e s e  seismic d i s tu rbances  has 
probably subjected the  con ta ine r s  t o  motions l a r g e r  than those  
which w i l l  occur i n  connection with CANNIKIN. 

Since t h e  d i s tu rbance  

I n  1967, the Advanced Research P r o j e c t s  Agency (ARPA) of t h e  Depart- 
ment o f  Defense attempted a n  experiment i n  which about 2,300 tons  
of high explosive w a s  t o  be detonated i n  t h e  sea a t  a water dept!i 
of about 4,000 f e e t  but not  a t  t he  sea f l o o r .  
t he  o b s o l e t e  cargo sh ip  Robert Louis Stevenson, loaded with the 
2,300 tons of explosives ,  was fuzed t o  detonate  a t  t h e  d e s i r e d  depth 

For t h i s  experiment, 
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by hydros t a t i c  pressure.  The sh ip  w a s  towed t o  a pos i t i on  about 
32 miles w e s t  of Amchitka and r e l eased ,  and t h e  sea cocks opened 
so t h a t  the sh ip  would s ink .  Actual ly  the  sh ip  d i d  not  s ink  as 
r ap id ly  as expected and i t  d r i f t e d  s o  t h a t  i t  sank i n  only about 
2,800 f e e t  of water a t  a l o c a t i o n  t h a t  i s  about 30 m i l e s  from t h e  
C A N N I K I N  s i t e  and d i d  not  detonate .  Subsequently, the  U. S. Navy 
attempted unsuccessful ly  t o  de tona te  the  high explosive i n  t h e  
Stevenson's hulk using l a r g e  (2,000 pound) depth bombs exploded 
nearby. 
t h a t  were involved, t he  Navy concluded t h a t  t h e  hydros t a t i c  fuzes  
had become i n e r t  and t h a t ,  hence, t h e  materials i n  t h e  Stevenson's 
hulk were no longer  a p o t e n t i a l  explosive hazard.  Therefore,  t he  
explos ives  i n  the  Stevenson's hulk are not  vu lnerable  t o  the  e f f e c t s  
of CANNIKIN. 

Af te r  studying the  s i t u a t i o n  and t e s t i n g  t h e  type fuzes  

BIOENVIRONMENTAL PROGRAM FOR CANNIKIN 

A shot-time and long-term post-shot program has been e s t ab l i shed  t o  
document environmental e f f e c t s  and t o  form a s c i e n t i f i c  b a s i s  f o r  
improving our p r e d i c t i v e  c a p a b i l i t y .  This program w i l l  inc lude  the  
c o l l e c t i o n  and r ad io log ica l  a n a l y s i s  of environmental samples t o  
a s su re  the  AEC and t h e  pub l i c  t h a t  i f  any release of r a d i o a c t i v i t y  
should occur ,  i t  w i l l  be de tec ted  and appropr ia te  a c t i o n  taken. 
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1 CANN IKIN Sampl i n g  

The c o l l e c t i o n  of b i o l o g i c a l  and environmental samples a t  Amchitka 
f o r  r a d i o l o g i c a l  ana lyses  was s t a r t e d  i n  1967, more than two years  
p r i o r  t o  the  MILROW de tona t ion ,  and w i l l  be continued on a r egu la r  
b a s i s  f o r  about one year  fol lowing the  C A I I N I K I N  event .  
rou t ine  sampling w i l l  be continued f o r  a few more yea r s  on a reduced 
b a s i s .  There is a l s o  a l imi t ed  amount of information from samples 
c o l l e c t e d  i n  1964 before  the  LONG SHOT de tona t ion .  One o b j e c t i v e  
of t hese  e f f o r t s  has been to d e t e c t  and document the  kinds and 
amounts of rad ionucl ides  a l ready  p resen t  and t o  determine i f  t hese  
concent ra t ions  d i f f e r  s i g n i f i c a n t l y  from n a t u r a l  background va r i a -  
t i o n s  o r  from l e v e l s  expected from worldwide f a l l o u t .  

The rea f t e r ,  

The sampling program i n  t h e  pas t  has concentrated on the  v i c i n i t y  
of t he  nuc lear  tests LONG SHOT and MILROW, but  has a l s o  included 
areas remote from these  sites t o  ob ta in  c o n t r o l  da t a .  The spectrum 
of samples inc ludes ,  among o the r  t h i n g s ,  water from ponds, s t reams,  
groundwater sources ,  t he  ocean and p r e c i p i t a t i o n ,  a i r  f i l t e r  samples,  
and s o i l s .  Samples of terrestrial p l a n t s  include l i c h e n s ,  mosses, 
sedges, g ra s ses ,  and forbs .  Land and shore animals sampled inc lude  

IEwing, R. A.; Howes, J. E.; and Vogt, J. R. ,  Radionuclide and 
S t a b l e  Element Analyses of Environmental Samples from Amchitka I s l a n d ,  
Alaska: Annual Progress  Report. Amchitka Bioenvironmental Prop;ram, 
Report  BMI-171-110 (Columbus, Ohio: 
November 1968) . Battelle Memorial I n s t i t u t e ,  

I sakson ,  John S. and Seymour, Allyn X e ,  
Analyses of Marine Organisms from Arnchitka. Alaska: Annual Progress Report  
J u l y  1. 1967 - June 30. 1968. Amchitka Bioenvironmental Program. Report  
BMI-171-113 (Universi ty  of Waehington: 
September 26, 1968). 

F i s h e r i e s  Research I n s t i t u t e ,  

Nakatani , Roy E. and Seymour, Allyn EI., LONG SHOT Bioenvironmental 
S a f e t y  Program. F i n a l  Report. Report  RL-1385-1 (Universi ty  of Washington: 
Laboratory of Radia t ion  Ecology, October 27, 1967) . 

Held, Edward E., Amchitka Radiobio lonica l  Pronrmn Pronress  ReDort - 
A p r i l  1. 1971, Report  NVO-269-11 (Univers i ty  of Washington: Laboratory of 
Radia t ion  Ecology, I n  Prepara t ion)  . 

Koranda, John J., e t  e l ,  Radio lonica l  S tud ie s  of Amchitka I s l and  
Aleut ian  I a l a n d s .  Alaska. 11. Gama - E d t t i n n  Radionuclides i n  t h e  
Terrestrial Enviroment .  Report  UCRL-50786 (Livermore: Univers i ty  of 
C a l i f o r n i a ,  Lawrence Radia t ion  Laboratory,  December 8,  1969) . 
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Norway rats, rock ptarmigan, Lapland long-spurs, emperor geese and 
black o y s t e r  catchers .  Fresh water organisms include Dolly Varden 
t r o u t ,  s t i ck lebacks ,  and periphyton. Among t h e  many marine organisms 
sampled are sea o t t e r s ;  seals; sockeye, chum, pink, and s i l v e r  
salmon; rock s o l e ,  h a l i b u t ,  Alaska pollock, ocean perch, P a c i f i c  cod, 
g reen l ing ,  c r ab ,  euphausids, amphipods, s c a l l o p s ,  mussels,  s n a i l s ,  
squid,  sea urchins ,  sea stars, a lgae ,  and plankton. 

Representat ive specimens of t h e s e  samples, including d i f f e r e n t  
s p e c i f i c  t i s s u e s  such as f l e s h  and bone, have been r a d i o l o g i c a l l y  
analyzed; some of t he  samples have been preserved and are being 
held i n  case a d d i t i o n a l  a n a l y s i s  is warranted i n  t h e  f u t u r e .  

From r e s u l t s  of t he  samples analyzed, i t  has been concluded t h a t  
t he  radionucl ides  de t ec t ed  were n a t u r a l l y  occur r ing ,  r e s u l t i n g  from 
worldwide f a l l o u t  o r  w e r e  c a r r i e d  t o  t h e  area by oceanic  cu r ren t s .  
The exception is  t r i t i u m  which is  slowly seeping i n  very low con- 
c e n t r a t i o n s  i n t o  mud ponds a t  t h e  s i t e  of LONG SHOT. Except f o r  
t r i t i u m  i n  LOYG SHOT mud ponds, t h e  concen t r a t ions  of t h e  radionucl ides  
found are within the  range of va lues  reported f o r  similar samples from 
o t h e r  p a r t s  of t he  no r the rn  hemisphere. 

The Western Environmental Research Laboratory (formerly Southwestern 
Radiological  Health Laboratory of t h e  U.S. Pub l i c  Health Service)  
of t he  Environmental P ro tec t ion  Agency w i l l  o p e r a t e  an a i r  sampling 
network extending from Shemya and Adak I s l a n d s  i n  t h e  western Aleut ians  
t o  Annette I s l and  i n  sou theas t e rn  Alaska. 
be operated continuously on a 24-hour f i l t e r  change regimen s t a r t i n g  
about t h r e e  weeks be fo re  the  planned d a t e  of de tona t ion  and t h e  sampling 
w i l l  be continued f o r  a t  least two weeks a f t e r  t h e  detonat ion.  All 
f i l t e r s  w i l l  be scanned f o r  g ross  r a d i o a c t i v i t y  and any t h a t  measure 
above background levels w i l l  be f u r t h e r  analyzed f o r  s p e c i f i c  radio-  
nucl ides .  
f o r  r a d i o a c t i v i t y .  
r a d i a t i o n  dosimeters and e x t e r n a l  r a d i a t i o n  survey instruments  w i l l  
be s t a t i o n e d  at s e l e c t e d  sites i n  Alaska during the  CANNIKIN test  period. 
In a d d i t i o n  to  ac t iv i t i e s  a t  t h e  ground s t a t i o n s ,  EPA s c i e n t i s t s  will 
monitor t h e  atmosphere us ing  s p e c i a l  a i r c r a f t  f l y i n g  over t h e  test  a rea  
immediately a f t e r  t h e  de tona t ion  and they w i l l  be prepared t o  fol low 
and d e l i n e a t e  any r a d i o a c t i v e  release t o  t h e  a i r .  

These a i r  sample r s  w i l l  

Selected foods w i l l  be c o l l e c t e d  from markets and analyzed 
EPA r a d i a t i o n  h e a l t h  personnel equipped with 

The AEC will cont inue p e r i o d i c  sampling and analyses  f o r  a t  least  
s e v e r a l  years  a f t e r  CANNIKIN t o  a s c e r t a i n  i f  t h e  radionucl ides  from 
a l l  nuclear  tests a t  Amchitka remain adequately contained underground. 

n 
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PART I11 

COORDINATION AND REVIEW PROCEDURES 

COORDINATION 

Before seeking P r e s i d e n t i a l  approval t o  use Amchitka I s l and  f o r  t h e  
conduct of c e r t a i n  high y i e l d  tests, t h e  AEC consul ted va r ious  i n t e r e s t e d  
f e d e r a l  departments and agencies ,  including t h e  Department of t h e  
I n t e r i o r .  P r e s i d e n t i a l  a u t h o r i z a t i o n  t o  proceed with an i n i t i a l  survey 
of Amchitka I s l and  as a poss ib l e  supplemental test s i t e  w a s  received i n  
August 1966. 
with the  S t a t e  of Alaska, i n i t i a l l y  i n  1966 and subsequently as p lans  were 
developed. I n  December 1966, a f t e r  t h e  completion and review of t h i s  
survey, t he  Commission received P r e s i d e n t i a l  approval t o  develop t h e  
Amchitka supplemental test s i te .  
and 1970 ,  AEC’s appropr i a t ion  requests  t o  Congress e x p l i c i t l y  included 
funds f o r  t h e  use of Amchitka I s l and  as a supplemental test  s i te .  

Planning f o r  ope ra t ions  a t  Amchitka w a s  a l s o  coordinated 

In  each of t h e  f i s c a l  years  1968, 1969, 

Since r ece iv ing  au tho r i za t ion  t o  use Amchitka I s l a n d ,  t h e  A!X has  co- 
o rd ina ted  i t s  Amchitka a c t i v i t i e s  with t h e  Department of t h e  I n t e r € o r  
through t h e  Fish and Wi ld l i f e  Service which manages t h e  Aleutian 
I s l ands  Wi ld l i f e  Xefuge. I n  order  t o  p r o t e c t  Amchitka, as p a r t  of 
t h e  Aleut ian I s l a n d s  National ‘Wildlife Refuge, t h e  AEC obtained t h e  
services of two refuge b i o l o g i s t s  and one r e sea rch  b i o l o g i s t  from t h e  
Department of t h e  I n t e r i o r .  The AEC a l s o  obtained t h e  a s s i s t a n c e  from 
the  Department of Commerce, National Yarine F i s h e r i e s  Se rv ice ,  t o  
maintain cognizance over and f u r n i s h  advice regarding commercial 
f i s h e r i e s  a s p e c t s  of our  a c t i v i t i e s .  (P r io r  t o  the s tar t  of t h e  AEC 
opera t ions  on the i s l a n d ,  the Department of t h e  I n t e r i o r  d id  not 
maintain personnel on t h e  i s l a n d  fu l l - t ime ,  although some short-term 
eco log ica l  s t u d i e s  had been conducted t h e r e  earlier.)  One o r  t he  
o t h e r  of t h e  Bureau of Sport F i s h e r i e s  and W i l d l i f e  (BSF6rW) refuge 
biologists  ..is ‘ i n  res idence on t h e  i s l a n d  a t  all t i m e s .  H i s  responsi-  
b i l i t y  i s  t o  advise  AEC engineer ing and cons t ruc t ion  personnel on 
measures f o r  minimizing d i s tu rbance  of t h e  ecosystems and f o r  pre- 
s e rv ing  Refuge values.  The r o l e  of t h e  r e sea rch  b i o l o g i s t s  is t o  
maintain t e c h n i c a l  l i a i s o n  between t h e  -Department of t he  I n t e r i o r ,  
AEC Nevada Operations Of f i ce ,  and Battellc Columbus Laboratory on 
matters p e r t a i n i n g  t o  t h e  bioenvironmental program. 
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REVIEW PROCEDURES 

I n  o r d e r  t o  uncover p o t e n t i a l  s a f e t y  problems and p r e d i c t  t he  e f f e c t s  
upon the  environment of the  C h ' N I K I N  tes t ,  the  Atomic Energy Commission 
has u t i l i z e d  the  bes t  s c i e n t i f i c  t a l e n t  i t  could b r ing  t o  bea r ,  both 
from wi th in  and from o u t s i d e  the  Commission. It has  u t i l i z e d  the  
services of p r i v a t e  con t r ac to r s ,  of t h e  u n i v e r s i t i e s ,  and of o the r  
governmental agencies  such as t h e  U. S .  Geological Survey; t he  Nat ional  
Ocean Survey (formerly the U .  S .  Coast and Ceodetic Survey) and t h e  
A i r  Resources Laboratory,  both of t h e  Nat ional  Oceanic and Atmospheric 
Administration (NOAA) (formerly ESSA) ; and the  Environmental Protec- 
t i o n  Agency. The outputs  of these  e f f o r t s  have been coordinated and 
compiled by an e f f e c t s  eva lua t ion  s c i e n t i s t  s p e c i f i c a l l y  assigned f o r  
t h e  CANNIKIN tes t .  The r e s u l t i n g  compilations have been reviewed by 
the  Manager of the  AEC Nevada Operations Off ice  with t h e  a s s i s t a n c e  
of t h r e e  s c i e n t i f i c  advisors  from t h e  Los Alamos S c i e n t i f i c  Laboratory,  
t he  Lawrence Radiation Laboratory,  and the Sandia Laborator ies .  

The Atomic Energy Commission has  a l s o  u t i l i z e d  t h e  advice  and counsel 
of a number of independently recognized expe r t s  from a v a r i e t y  of 
p e r t i n e n t  s c i e n t i f i c  d i s c i p l i n e s .  For CA.NNIKIN, a Standing Panel  of 
Consul tants  f o r  the  AEC has  performed a review of t h e  e f f e c t s  pre- 
d i c t ed  on t h e  geology, groundwater, ecology, and n a t u r a l  and man-made 
s t r u c t u r e s  from ground motion and r a d i a t i o n  hazards .  I n  add i t ion ,  
because of t h e  seismic na tu re  of the Aleut ians ,  t h e  Spec ia l  Panel f o r  
Seismology has reviewed t h e  programs which t h e  Atomic Energy Commission 
has  conducted t o  s tudy  the  seismological  e f f e c t s  of CANNIKIN.  For 
t he  most p a r t ,  these  expe r t s  were s e l e c t e d  from candidates  recommended 
by the  Nat ional  Academy of Sciences.  The Panel of Consul tants  as w e l l  
as t h e  Spec ia l  Consul tants  were made up of i nd iv idua l s  from such 
organiza t ions  and i n s t i t u t i o n s  as the 1J. S .  Geological Survey, Universi ty  
of C a l i f o r n i a ,  Universi ty  of I l l i n o i s ,  S t .  Louis Univers i ty ,  Univers i ty  
of Nevada, Washington S t a t e  Univers i ty ,  Univers i ty  of Michigan, Columbia 
Univers i ty ,  C a l i f o r n i a  I n s t i t u t e  of Technology, Palo Alto Fledical C l i n i c ,  
Scr ipps I n s t i t u t i o n  of Oceanography, Sheppard T. Powell and Assoc ia tes ,  
and Shannon and Wilson, Inc. They represented such d i s c i p l i n e s  and 
subd i sc ip l ines  as radiobiology,  s o i l  mechanics, s t r u c t u r a l  engineer ing ,  
geophysics,  hydrology, r a d i a t i o n  medicine, ecology, geology, oceanography, 
tsunaminology, seismology, and hydrogeologv. 

F i n a l l y ,  before  de tona t ion  a u t h o r i t y  is obta ined ,  t he  expected environ- 
mental e f f e c t s  w i l l  be reviewed by the  Under Sec re t a r i e s  Committee of 
t he  Nat ional  Secur i ty  Council. This Committee w i l l  i n  t u r n  make i ts  



- 45 - 

recommendations to the President. The State Department, the Depart- 
ment of Defense, the Joint Chiefs of Staff, and the Central Intelligence 
Agency are represented on this Committee, along with the Assistant to 
the President for National Security Affairs. The Arms Control and 
Disarmament Agency, the Office of Management and Budget, the Council 
on Environmental Quality, the Atomic Energy Commission, and the 
Department of the Interior will act in an advisory capacity to the 
Committee . 
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PART I V  

ALTERNATIVES 

Throughout t he  CANNIKIN p r o j e c t  development a number of al ternatives 
were considered i n  r e l a t i o n  t o  the  test and t h e  Amchitka s i te .  
The need f o r  t he  CANNIKIN test has  been s t a t e d  as  v i t a l  t o  the  U .  S. 
weapons development program and the  a l t e r n a t i v e  sites for t h e  tests 
have been descr ibed b r i e f l y  i n  P a r t  I. Although the  prepara t ions  
f o r  t he  C A W I K I N  test began i n  1966, more than th ree  years  before  
the  passage of t he  ‘Jat ional  Environmental Pol icy  Act of 1969 (NEPA), 
environmental matters were of major importance during t h e  considera- 
t i o n  of a l l  a l t e r n a t i v e s  concerning t h e  test .  A l t e rna t ives  t o  t h e  
proposed CANNIKIN a c t i o n  t h a t  were examined c a r e f u l l y  are as fol lows:  

1. Not Tes t ing  This P a r t i c u l a r  Device -- This  alternative would 
severe ly  hamper t h e  development of nuc lear  weapons technology 
of prime s i g n i f i c a n c e  t o  our  n a t i o n a l  s e c u r i t y  requirements.  

2 .  Test ing  The Device A t  Another Location -- Other si tes i n  t h e  
U. S. were considered. Two were eva lua ted  i n  d e t a i l ;  
one i n  Cent ra l  Nevada, the  o t h e r  i n  northwestern Alaska. 
Amchitka was chosen because of i t s  i s o l a t i o n ,  reasonable  
a c c e s s i b i l i t y ,  and because tests t o  be executed t h e r e  could 
be expected t o  have minimal impact on the  environment. 

3. Test ing  A Smaller Yield Device -- This  a l t e r n a t i v e  would n o t  
o b t a i n  the  information needed from the  C A N N I K I N  test. 

4 .  Delaying The CANNIKIN Test For More Study of Environmental 
Matters -- Amchitka environmental matters have been s tud ied  
s i n c e  e a r l y  1967 and a l l  of the  planned pre- tes t  inves t iga-  
t i o n s  have been completed t o  determine the  adequacy of t h e  
Amchitka s i te  and t h e  a n t i c i p a t e d  environmental impact. To 
de lay  CAYNIKIN would se rve  no use fu l  purpose and would impede 
an important weapon development program. 
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PART V 

SHORT-TERM USES AND LONG-TERN PRODUCTIVITY 

Most of t he  present  human ac t iv i t ies  on Amchitka I s l and  are r e l a t e d  
t o  p repa ra t ions  f o r  t h e  CANNIKII? test .  
a s soc ia t ed  with t h e  program have con t r ibu ted  s i g n i f i c a n t l y  t o  
knowledge of t he  e a r t h ,  of atmospheric and marine sc i ences ,  of t h e  
i s l a n d ' s  f l o r a  and fauna,  and of i t s  archaeology. Nei ther  t h e  
support ing act ivi t ies  nor the  t es t  i t s e l f  w i l l  s i g n i f i c a n t l y  a l t e r  
t h e  f i s h  and w i l d l i f e  populat ions o r  t h e i r  food s u p p l i e s ,  o r  t he  
general  p roduc t iv i ty  of t he  i s l and .  Beyond success fu l  completion 
of t h e  CANNIKIN test, t h e  AEC does no t  have any plans f o r  f u t u r e  
underground nuclear  t e s t i n g  on Amchitka, although t h i s  does not 
preclude such p l ans  should a f u t u r e  need arise. 

The s c i e n t i f i c  s t u d i e s  

I n  b r i e f ,  short-term use of Amchitka I s l and  as a t e s t i n g  s i t e  w i l l  
not i n t e r f e r e  with long-term use of t h e  i s l a n d  as a w i l d l i f e  refuge.  



n 

PART V I  

IRREVERSIBLE AED IRRETRIEVABLE COMMITMENT OF NATURAL RESOURCES 

P r o j e c t  M I K I N  w i l l  not  commit any n a t u r a l ,  mineral ,  o r  f u e l  resources .  
The pocket of r a d i o a c t i v i t y  l e f t  beneath t h e  detonat ion po in t  w i l l  l i m i t  
t h e  use of the underground water and t h e  rubble  i n  t h e  chimney f o r  many 
years  t o  come; however, t hese  are a t  g r e a t  depth and have no p r e s e n t l y  
known value t h a t  would merit economic development. 
f ace  d i r e c t l y  above the  CANNIKIN detonat ion po in t  may be l i m i t e d  t o  test- 
r e l a t e d  s t u d i e s  f o r  some i n d e f i n i t e  t i m e  i n t o  t h e  f u t u r e .  

Use of t h e  land sur- 

n 
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APPENDIX 

This appendix provides  a t echn ica l  d i scuss ion  i n  some d e t a i l  of the  
var ious  e f f e c t s  r e l a t e d  t o  ground motion produced by underground 
nuclear  t e s t i n g .  It should be noted t h a t  t h e r e  i s  considerable  
experience i n  t h i s  area. On the  S a s i s  of t h i s  experience,  i t  
appears t h a t  no s i g n i f i c a n t  environmental impact can be expected 
from ground motion, earthquake, o r  tsunami e f f e c t s  r e l a t e d  t o  t h e  
CAVNIKIN tes t .  A more d e t a i l e d  account of t he  processes  descr ibed 
i n  t h i s  appendix can be found i n  a sepa ra t e  summary r e p o r t .  1 

EFFECTS RELATED TO GROUND NOTIOZJ 

An explosion of knotm s i z e  set o f f  i n  a known environment underground 
has p red ic t ab le  r e s u l t s  i n  terms of ground displacement and v i b r a t i o n .  
Experience with tile two previous explosions a t  Amchitka, LONG SHOT 
and llILROW, i n t e r p r e t e d  i n  the  l i g h t  of underground test experience 
a t  Nevada, makes i t  poss ib l e  t o  c a l c u l a t e  the  ground motion e f f e c t s  
of C A N N I K I N  t o  t he  degree of accuracy t h a t  is  needed f o r  eva lua t ion  
of t h e  environmental impact. 

Ground motion is t h e  d i r e c t  cause of s e v e r a l  environmental e f f e c t s .  
F i r s t ,  of course,  is  t h e  d i r e c t  mechanical e f f e c t  on s t r u c t u r e s ,  
nearby o r  a t  d i s t ances .  
minor damage, but  these  inc lude  only re l ic  s t r u c t u r e s  from t h e  w a r -  
t i m e  m i l i t a r y  occupation and bui ld ings  i n c i d e n t a l  t o  t h e  test  opera t ion .  

Buildings on t h e  i s l a n d  i t s e l f  may experience 

Second is the  short-term environmental e f f e c t  of k i l l i n g  small 
f r a c t i o n s  of t he  l o c a l  populat ion of b i r d s ,  f i s h ,  and animals.  Since 
the re  w i l l  be no land animals,  o t h e r  than perhaps a few rats ,  i n  the  
region of strong ground shock, t h e i r  injury is  not  an i s s u e .  There 
is a remote p o s s i b i l i t y  t h a t  b i r d s  s e t t l e d  on t h e  ground near  t he  
de tona t ion  s i te  might be k i l l e d ,  bu t  b i r d s  are  not  normally a t t r a c t e d  
t o  t h a t  region and the  presence of more than a few appears  q u i t e  
un l ike ly .  There i s  a p o s s i b i l i t y  t h a t  a few f i s h  o r  marine animals 
could be caught i n  a rocks l ide  a t  t h e  coas t .  The pressure  pulse  i n  
streams and the ocean could r e s u l t  i n  damage t o  f i s h  o r  aqua t i c  l i f e .  
I n  the  shallow l akes  near  t h e  test po in t ,  i t  is expected t h a t  some 
s t i ck lebacks  w i l l  be l o s t .  I n  t h e  ocean, i t  is  a n t i c i p a t e d  t h a t  
only f i s h  near  t h e  bottom and c l o s e  t o  t h e  shore  of t h e  i s l a n d  could 
be a f f ec t ed .  These e f f e c t s  are short- term because t h e  s m a l l  f r a c t i o n  
of t h e  populat ion in ju red  o r  k i l l e d  w i l l  be r e s t o r e d  i n  a r e l a t i v e l y  
sho r t  t i m e  by n a t u r a l  reproduct ion.  Short-term e f f e c t s  may a l s o  
include t r a n s i e n t  r a i s i n g  o r  lowering of water l e v e l s  i n  l akes ,  
temporary changes i n  stream flow rates, and temporary muddying of 
streams and lakes  by d is turbances  of bottom sediments o r  co l l apse  
of stream banks. 

1USAEC Nevada Operations O f f i c e ,  Technical Discussions of Off-Site 
Sa fe ty  Programs f o r  Underground Nuclear Detonations. 
(Spr ing f i e ld  , Va. 22151: 
Department of Commerce, May 1969). 

Report  NVO-40 
National Technical  Information Se rv ice ,  U.S. 
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A l s o ,  t h e r e  are several longer  term environmental e f f e c t s .  The 
p o s s i b i l i t y  of longer  term e f f e c t s  on t h e  b i o l o g i c a l  environment 
through such motion-related e f f e c t s  as d i s tu rbance  of stream channels,  
drainage of l a k e s ,  and t h e  l i k e  has  been inves t iga t ed .  Another 
p o t e n t i a l  longer  term e f f e c t  which may be a n t i c i p a t e d ,  on the  b a s i s  
of  t h e  YILROW experience,  i s  t h e  permanent ver t ical  displacement 
of shallow i n t e r t i d a l  marine terraces. On such i n t e r t i d a l  benches, 
permanent upward displacement of only a few inches can r e s u l t  i n  t h e  
e l imina t ion  of c e r t a i n  marine f l o r a  and, probably,  some a s s o c i a t e d  
fauna i n  the  d i sp laced  area. Early estimates suggest t h a t  it may 
t ake  t h r e e  yea r s  o r  more f o r  t h e  small d i s tu rbed  area t o  reach a new 
b i o t i c  equi l ibr ium; i.e.,  f o r  p l a n t s  and animals s u i t e d  t o  t h e  new 
environmental cond i t ions  t o  become e s t a b l i s h e d .  

Q 

Thorough s t u d i e s  of these  e f f e c t s  have been made, and the  documenta- 
t i o n  is a v a i l a b l e  on request .  Review of a l l  of  t h e  experience and 
a n a l y s i s  bear ing on t h e  environmental e f f e c t s  of  CANNIKIN is  now i n  
process ,  and w i l l  cont inue up t o  t h e  t i m e  of t h e  test. The sources  
of t h e  d a t a  are v a r i e d ,  and range through d e t a i l e d  instruments1 
measurements of ground motion a t  a l l  d i s t a n c e s ,  through d i r e c t  and 
photographic observat ion of s u r f a c e  motion and displacement,  t o  long- 
term searches f o r  evidence of changes i n  t h e  bioecology o r  s e i s m i c i t y  
of t h e  Aleut ian area following the  MILROW test .  

Cavity and Collapse 

Bur i a l  of  t h e  C A N N I K I N  explosive at a depth of almost 6,000 f e e t  
s h i e l d s  t h e  s u r f a c e  environment from v i o l e n t ,  d i r e c t  impact; t h e  
d e t o n a t i o n ' s  i n t e n s e  f o r c e s  are d i s s i p a t e d  f a r  beneath t h e  i s l a n d .  
The most immediate e f f e c t  of t h e  release of energy from t h e  explosion 
is c r e a t i o n  of a region of extremely high temperature and p res su re ,  
containing the  vaporized remains of t he  device i t s e l f  t oge the r  w i th  
some of t h e  surrounding rock. The consequent enormous f o r c e s  push 
material away i n  a l l  d i r e c t i o n s ,  so t h a t  w i th in  a per iod of about 
one second a f t e r  t h e  detonat ion of C A N N I K I N  a c a v i t y  a few hundred 
f e e t  i n  r ad ius  w i l l  e x i s t  around i t s  emplacement p o s i t i o n .  Eventually,  
a f t e r  a period which cannot be p red ic t ed  e x a c t l y  but  which may be a 
day o r  s o ,  t he  unsupported rock arch above t h e  c a v i t y  w i l l  c o l l a p s e ,  
c r e a t i n g  a rubb le - f i l l ed  "chimney" extending upward f o r  thousands of 
f e e t  and probably a l l  t he  way t o  t h e  ground s u r f a c e .  Experience with 
many deeply buried nuc lea r  explosions i n  Nevada as w e l l  as two a t  
Amchitka shows t h a t  t h e  material i n  t h e  chimney, though ex tens ive ly  
f r a c t u r e d ,  does not  provide open pa ths  f o r  escape of r a d i o a c t i v e  
r e s idue  t o  the  su r f  ace. 

n 
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Local Surface Displacement 

Formation of t he  c a v i t y  and the  subsequent co l l apse  w i l l  r e s u l t  i n  
a permanent change i n  the  contour  of t he  ground su r face .  
shaped depress ion  usua l ly  occurs ,  and f o r  CANNIKIN is expected t o  
be perhaps 4,000 f e e t  i n  diameter from c r e s t  t o  crest and anywhere 
from a few f e e t  t o  more than 100 f e e t  deep. Because of t he  random 
nature of t he  co l l apse  process ,  the  shape of t h i s  subsidence is  not  
e x a c t l y  p red ic t ab le ,  but d i s r u p t i o n  of t h e  ground s u r f a c e  wi th in  i t  
w i l l  probably take p lace .  Surrounding the  subsidence,  t he  ground 
is u p l i f t e d  as a consequence of displacement of rock by t h e  explosion- 
produced underground cav i ty .  
of about f i v e  f e e t  j u s t  o u t s i d e  the  l i m i t s  of t he  c e n t r a l  subsidence 
and w i l l  t a p e r  o f f  very gradual ly  with inc reas ing  d i s t ance ,  produc- 
i n g  a s l i g h t  t ilt  i n  the  ground su r face  and thus  some rearrangement 
of t he  l o c a l  water runoff and pooling c h a r a c t e r i s t i c s .  The la t te r  
e f f e c t ,  while  no t i ceab le  t o  a d i s t a n c e  of a few miles, will not  
s i g n i f i c a n t l y  d i s t u r b  the  p l an t  and animal populat ion.  

A saucer- 

This u p l i f t  w i l l  amount t o  a maximum 

Forces r e s u l t i n g  from the  explosion mag a l s o  cause motion along l o c a l  
zones of weakness i n  the  i s l a n d  rock--"faults." Of f se t  along f a u l t s  
near  major tests i n  Nevada has amounted t o  several f e e t ,  producing an 
abrupt  s t e p  a t  the  su r face .  While n e i t h e r  previous test a t  Amchitka 
has r e s u l t e d  i n  a f a u l t  o f f s e t  of more than one f o o t ,  i t  is assumed, 
as an extreme case, t h a t  CAVNIKIN might r e s u l t  i n  g r e a t e r  displacement-- 
perhaps up t o  t h r e e  f e e t  o r  so. 
su r face  t r a c e  of t h e  f a u l t  f o r  t he  whole l eng th  of i t s  t r a v e r s a l  of 
t he  i s l a n d  and on f o r  a m i l e  o r  two i n t o  t h e  sea f l o o r ,  bu t  t h e r e  
w i l l  be no consequence o t h e r  than l o c a l  d i s turbances  of s u r f a c e  water 
flow and, of course,  t e a r i n g  of tundra along t h e  l i n e  of s l i ppage .  
Any s i g n i f i c a n t  v e r t i c a l  displacement of t h e  f l a t  marine t e r r a c e  i n  
the  i n t e r t i d a l  and t h e  shallow s u b t i d a l  zones w i l l  e f f e c t  marine p l a n t s  
and animals i n  the  area. 
f a u l t  motion o r  t h e  broad u p l i f t  descr ibed  be fo re  w i l l  be too l i m i t e d  
i n  e x t e n t  t o  produce any sea wave motion o t h e r  than minor l o c a l  e f f e c t s  
( see  the  s e c t i o n  on tsunamis).  

This  displacement could run along the  

Sea f l o o r  displacement due e i t h e r  t o  l o c a l  

Residual Crus t a l  S t r a i n  

D i s t o r t i o n  produced i n  rock of t he  e a r t h ' s  c r u s t  as a r e s u l t  of t he  
c a v i t y  displacement is measurable o u t  t o  cons iderable  d i s t ances .  It 
is q u i t e  l a r g e  near  t he  c a v i t y ,  bu t  f a l l s  o f f  r a p i d l y  with d i s t a n c e ,  
and at l o c a t i o n s  f a r t h e r  from t h e  explosion s i te  than 100 m i l e s  o r  so,  
i t  is no g r e a t e r  i n  amplitude than t h e  c y c l i c  dis tor t ion--about  one 
u n i t  of d i s t o r t i o n  per  100 m i l l i o n  u n i t s  of length--caused by r o t a t i o n  
of t he  e a r t h  i n  the  sun ' s  and moon's g r a v i t a t i o n a l  f i e l d s  ( i . e . ,  e a r t h  
t i d e )  .' This  d i s t o r t i o n  ( t e c h n i c a l l y  c a l l e d  " s t r a in" )  has no d i r e c t  
e f f e c t  of any s i g n i f i c a n c e ,  e i t h e r  near  o r  a t  a d i s t a n c e ,  except  as i t  
may be involved i n  t r i g g e r i n g  of earthquakes.  This  s u b j e c t  is taken 
up below i n  the  s e c t i o n  on earthquakes.  

b e e ,  for example, the  papers  c o l l e c t e d  i n  Aldredge, L. R. , ed. 
Earthquake Research- i n  ESSA,- 1969-1970. ESSA Technical Report ERL 182- 
ESL 11, U.S. Department of Commerce, J u l y  1970. 
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Dynamic Motion 

Vib ra t iona l  waves set up by t h e  explosion w i l l  move outward i n  a l l  
d i r e c t i o n s  through t h e  ground, producing shaking a t  the  su r face  similar 
t o  t h a t  produced by an earthquake of Richter  magnitude s l i g h t l y  below 
7.0. This motion, while  s t r o n g l y  f e l t  by personnel a t  t he  Control 
Point on Amchitka and d e t e c t a b l e  by a s e n s i t i v e  seismometer anywhere 
on e a r t h ,  w i l l  not be p e r c e p t i b l e  t o  persons a t  any c e n t e r s  of popula- 
t i o n  f a r t h e r  away than t h e  m i l i t a r y  bases  a t  Shemya and Adak i n  t h e  
Aleut ians .  No s t r u c t u r a l  damage is expected o t h e r  than minor e f f e c t s  
t o  some of t he  bu i ld ings  on Amchitka i t s e l f .  Amplitudes of v e l o c i t y  
and a c c e l e r a t i o n  a t  s u r f a c e  ground zero w i l l  no t  reach higher  va lues  
than they d id  i n  the  MILROW test i n  1969, bu t  t h e  region of s t r o n g  
motion on Amchitka w i l l  cover a somewhat g r e a t e r  area than f o r  XILROW. 

This motion will produce a few marked immediate effects--water i n  
streams and ponds near  ground zero w i l l  be thrown i n t o  t h e  air .  I n  
MILROW t h i s  r e s u l t e d  in t h e  s t r and ing  on land of some of  t h e  s t i c k l e -  
back f i s h  population. A few miles of c o a s t l i n e  near  t h e  test po in t  
w i l l  be s u b j e c t  t o  d i s tu rbance  t o  c l i f f s  and banks. 
amount t o  no more than c o l l a p s e  of s o i l  from under t h e  f r i n g e  of 
tundra i n  amounts of a few cubic f e e t ;  but  t h e r e  may be i s o l a t e d  
in s t ances  of c o l l a p s e  of as much as a few thousand cub ic  yards  of 
material from t h e  h ighe r  c l i f f s .  

Largely,  t h i s  w i l l  

A s  t h e  motion from t h e  explosion impinges on water i n  l a k e s  or t he  
sea along t h e  c o a s t s  near  the test po in t ,  i t  w i l l  create a momentary 
sharp rise and f a l l  i n  p re s su re .  This e f f e c t  k i l l e d  s t i c k l e b a c k  
i n  two ponds near  MILROW. 

EARTHQUAKES 

Seismic Background 

The Aleut ian I s l and  chain i s  a region of i n t e n s e  seismic a c t i v i t v .  
a t y p i c a l  yea r ,  s e v e r a l  earthquakes of magnitude 6 o r  g r e a t e r  occur 
i n  the  Rat and Delarof i s l a n d  groups around Amchitka, with a g r e a t  
number of s m a l l  quakes. The reason f o r  t h i s  high concen t r a t ion  of 
seismic a c t i v i t y  i n  t h e  Aleutians--and along most o t h e r  sho res  of t h e  
Pacif ic-- is  coming tf be gene ra l ly  understood i n  terms of t h e  spread- 
ing  sea f l o o r  model. 
emerges from a system of mid-oceanic r idges  i n  t h e  e a s t - c e n t r a l  P a c i f i c  
and spreads ou t  t o  form a new c r u s t a l  material. Being cons t an t ly  fed 
i n  t h i s  way, t he  North P a c i f i c  Ocean f l o o r  s l i d e s  as one continuous p l a t e  
toward t h e  northwest a t  a rate of about an inch per  year .  

I n  

According t o  t h i s  understanding, ho t  p l a s t i c  rock 

The p l a t e  

l I s a c k s ,  F.; Oliver,  J.; and Sykes, L. Seismolony and the  New 
Global Tectonics .  Jou rna l  of Geophysical Research 73, No. 18, 
September 1968. 
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impacts a t  i ts  l ead ing  edge along t h e  Aleut ian chain,  t h e  Kamchatka 
Peninsula,  t h e  K u r i l s ,  and t h e  Japanese I s l ands .  The moving c r u s t a l  
material then t u r n s  downward and is  reabsorbed i n t o  t h e  underlying 
mantle, a process  accompanied by t h e  buildup and release of enormous 
stresses. The s l i d i n g  of c r u s t a l  material beneath t h e  i s l a n d  arcs 
is not smooth and r e g u l a r ,  but  erratic,  with motion f i r s t  i n  one 
p l ace  and then another.  The stress release even t s  t ak ing  p l a c e  i n  
t h i s  process  are manifested as earthquakes.  

The Aleut ian Arc appears t o  be divided i n t o  several r a t h e r  w e l l -  
def ined regions i n  which recent groups of earthquake events  have 
taken place-- typical ly ,  t hese  have occurred as a g r e a t  earthquake 
followed by a series of  a f t e r shocks  confined w i t h i n  d e f i n i t e  boundaries.  
I n  each case, t h e  zone of a f t e r shocks  is bel ieved t o  co inc ide  with 
t h e  region of r e s i d u a l  ground displacement caused by t h e  main quake, 
and with t h e  general  e x t e n t  of t h e  f a u l t  s l i p  a s soc ia t ed  with the  
main quake i t s e l f .  

I n  the  l o c a l  region about Amchitka (from longi tude 176'E t o  178'W), 
t h e  record shows t h a t  t h e r e  has  been one earthquake of magnitude 7 
o r  g r e a t e r  every f i v e  t o  t e n  yea r s  s i n c e  1900 and t h e r e  have been 
t e n  times as many of magnitude 6 o r  greater. '  This average rate 
of occurrence,  cont inuing i n t o  t h e  f u t u r e ,  imp l i e s  almost one chance 
i n  100 t h a t  t h e r e  w i l l  be an earthquake as b i g  as o r  bigger  than 
CANNIKIN i n  t h e  v i c i n i t y  of Amchitka i n  any two-week per iod.  
t h e  whole of t he  Aleut ian I s l ands  and Alaskan Peninsula,  t h e  proba- 
b i l i t y  is h ighe r ,  more l i k e  one i n  20. 
earthquake a f t e r  CANNIKIN from completely n a t u r a l  causes is  q u i t e  
poss ib l e .  

For 

Thus, t h e  occurrence of an 

A t  t h i s  rate of occurrence of earthquakes i n  the  Aleut ians ,  i t  is 
reasonable t o  expect t h a t  any p o t e n t i a l  f o r  earthquake t r i g g e r i n g  
i n  t h e  Amchitka area, at a l e v e l  of s e n s i t i v i t y  commensurate with 
t h e  p o t e n t i a l  a f f e c t  of t he  C A W I K I N  explosion, is  f a i r l y  w e l l  
exp lo i t ed  through the  a c t i o n  of n a t u r a l  events .  I n  o t h e r  words, 
with r e spec t  t o  poss ib l e  t r i g g e r i n g ,  CANNIKIN w i l l  be no more than 
a s l i g h t  pe r tu rba t ion  t o  n a t u r a l  processes.  

Ground Motion from Secondary E f f e c t s  

Af t e r  t h e  i n i t i a l  shock and the  c r e a t i o n  of t h e  subterranean cavern 
of s e v e r a l  hundred f e e t  diameter ,  i t  is a n t i c i p a t e d  t h a t  rock w i l l  
c o l l a p s e  i n t o  t h i s  cavern a f t e r  a per iod of hours o r  days. 
r e s u l t  even tua l ly  i n  a s u r f a c e  subsidence of perhaps 10  t o  100 f e e t  i n  

This w i l l  

lData furnished by National Earthquake Information Center, Nat ional  
Ocean Survey, U. S. Department of Commerce. 
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depth. During the  in te rvening  per iod ,  r o c k f a l l s  w i th in  the  c a v i t y  
w i l l  r e s u l t  i n  a d d i t i o n a l  ground s i g n a l s .  Such s i g n a l s  have been. 
observed from underground nuclear  tests and are recognizable  as 
such i n  t h a t  they are small and occur very  c l o s e  t o  the  de tona t ion  
poin t .  In add i t ion ,  t h e r e  a r e  a f t e r shocks  which fol low the  l a r g e r  
y i e l d  underground nuclear  tests and which have the  c h a r a c t e r i s t i c s  
of small earthquakes wi th  sepa ra t e  hypocenters a few miles from 
the  explosion poin t .  The environmental e f f e c t  of these  s m a l l  events  
w i l l  be n i l .  

Triggered Ground Motion 

The suggest ion has  been made t h a t  ground motion and s t r a i n  e f f e c t s  
r e s u l t i n g  from an underground nuclear  explosion might t r i g g e r  an 
earthquake producing ground motion much s t ronge r  than t h a t  from the  
explosion i t s e l f .  Unlike the  more d i r e c t  explos ive  e f f e c t s ,  t he  
process  by which such an earthquake might be tr iggered is not y e t  
sub jec t  to  exac t  a n a l y s i s  and c a l c u l a t i o n .  

A panel  of eminent scientists and engineers ,  (Spec ia l  Panel f o r  
Seismology mentioned i n  P a r t  111) a c t i n g  as consu l t an t s  t o  t h e  AEC, 
have examined t h i s  s p e c i f i c  ques t ion  wi th  extreme care. Thei r  
comments are d i r e c t l y  p e r t i n e n t :  

"Although a genera l  theory  of the  mechanism by which an 
underground explosion causes ear thquakes t o  occur has  
not  been developed, t he  experience gained i n  NTS (Nevada 
T e s t  S i t e ) ,  CNTS (Cent ra l  Nevada Test S i t e ) ,  and STS 
(Supplemental T e s t  S i t e )  suppor ts  t he  conclusion t h a t  
an explosion w i l l  not  t r i g g e r  a l a r g e  earthquake (def ined 
as one r e l e a s i n g  as much o r  more seismic energy than t h e  
explosion i t s e l f )  un le s s  t he  event  i s  detonated near a 
f a u l t  on which an earthquake of t h i s  magnitude is  
imminent. " 

Triggered Volcanic A c t i v i t y  

Amchitka i t s e l f  has not  been volcanic  f o r  over  a m i l l i o n  years .  
are a c t i v e  and quiescent  volcanoes i n  a l i n e  t o  t h e  no r th  of Amchitka 
inc luding  Kiska, Segula, L i t t l e  S i t k i n ,  Semisopochnoi, Gare lo i ,  and 
Tanaga, w i th in  150 miles. 
same p l a t e  t e c t o n i c s  t h a t  g ives  rise t o  s e i s m i c i t y ,  and t h e r e  are 
occas iona l  temporal a s s o c i a t i o n s  of t h e  two. 
of even t h e  l a r g e r  ear thquakes are as soc ia t ed  with volcanic  e rup t ions .  
For example, n e i t h e r  t he  1964 Pr ince  W i l l i a m  Sound earthquake (Ms=8.5) 
nor  t h e  1965 R a t  I s l and  earthquake (Ms=7.8) w a s  followed by volcanic  
a c t i v i t y .  
by r e l i e f  of stress by means of an earthquake, and s i n c e  ear thquakes 
are seldom assoc ia t ed  wi th  volcanic  e rup t ions ,  t h e  p r o b a b i l i t y  of 
t r i g g e r i n g  an e rup t ion  is less than t h a t  of t r i g g e r i n g  an earthquake. 

There 

Volcanism is  be l ieved  t o  be caused by the  

Nevertheless ,  very  few 

Since the  most l i k e l y  method of t r i g g e r i n g  a volcano is  
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Experience wi th  P a s t  Tests 

Most e x i s t i n g  experience is from l a r g e  underground explos ions  i n  Nevada. 
Many a f t e r shocks  have been observed t h e r e  from t h e  l a r g e s t  tests, but  
t hese  always occur  f a i r l y  c l o s e  t o  t h e  explosion s i te--within a range 
of less than 10 m i l e s  f o r  c l e a r l y  t e s t - r e l a t e d  events--although t h e r e  is 
a suggest ion t h a t  some small quakes were t r i g g e r e d  ou t  t o  about 25 
m i l e s  from t h e  FAULTLESS test.' By and large,  these  small quakes-- 
always observed to  be much lower i n  energy release than the  nuc lear  
explosive which t r i g g e r s  them--can reasonably be s a i d  t o  have been 
induced by the  explosion,  s i n c e  they would not  have been expected t o  
occur n a t u r a l l y  a t  t h a t  t i m e  and wi th  t h a t  frequency. This  type of 
event d i f f e r s  from the  premature t r i g g e r i n g  of a l a r g e  n a t u r a l  ea r th -  
quake (having more seismic energy than the  explosion i t s e l f ) ,  which 
has  never been observed from an underground nuclear  test. 2 

Observations before  and a f t e r  t he  MILROW test showed no d e t e c t a b l e  
change i n  t h e  rate o r  p o s i t i o n  of occurrence of n a t u r a l  earthquakes.  
A normal number of f a i r l y  l a r g e  quakes--magnitudes 5 and 6--occurred 
near  Amchitka both before  and a f t e r  MILROW during 1969, and many more 
of lesser magnitude were de tec ted .  MILROW d i d  produce a few hundred 
small a f t e r shocks  wi th in  a range of a few m i l e s ,  bu t  t h i s  number w a s  
small i n  comparison wi th  the  number t h a t  had been expected and ceased 
about 37 hours  a f t e r  t he  de tona t ion  a t  the  t i m e  of c a v i t y  subsidence.  

Figure 3 a f f o r d s  a s impl i f i ed  p re sen ta t ion  of information from the  
worldwide earthquake r epor t ing  n e t  comparing the  Aleut ian ear thquakes 
dur ing  the  t h r e e  months immediately p r i o r  t o  MILROW with Aleut ian 
ear thquakes during the  t h r e e  months immediately a f t e r  MILROW. 
average number of Aleut ian earthquakes pe r  three-month per iod  based 
on 5 1 / 2  yea r s  of observa t ions  is a l s o  given f o r  comparison. Although 
the  numbers of earthquakes i n  t h e  h igher  magnitude ranges are too few 
t o  provide s t a t i s t i c a l l y  s i g n i f i c a n t  d a t a ,  they do i n d i c a t e  no 
s i g n i f i c a n t  change i n  Aleut ian  s e i s m i c i t y  between p re - t e s t  and pos t - t e s t  
three-month i n t e r v a l s .  

Thus the  MILROW experience gave no i n d i c a t i o n  of an increased  sens i -  
t i v i t y  t o  a f t e r shock  a c t i v i t y  i n  Amchitka over  t h a t  i n  Nevada, and, 
i n  f a c t ,  t h e  number of l o c a l  a f t e r shocks  which d id  occur  was less than 
had been expected from Nevada experience.  
observable  e f f e c t  from CANNIKIN will, again ,  be a c l u s t e r - o f  small 
af te rshocks  i n  the  v i c i n i t y  of t he  explosion site. 

The 

It is expected t h a t  t he  only  

lHamilton, R. M., e t  al. Seismic Activity and Fau l t ing  Associated 
With A Large Underground Nuclear Explosion. Science Vol. 166, No. 3905, 
October 1969. 

%ngdahl, E. R. and Tarr, A. C. Aleut iau Seismic ProRram-MILRDW 
Seismic E f f e c t s .  U. S. Coast and Geodetic Survey. Spec ia l  Report 
CGS-746-102 (Springfield , Va.  22151 : National Technical Information 
S e r v i c e ,  U. S. Department of  Commerce, May 1970) 
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TSUNAMIS 

Underground t e s t i n g  a t  Amchitka raises an i s s u e  no t  encountered i n  
Nevada t e s t i n g :  t he  p o s s i b i l i t y  of c r e a t i n g  a s i g n i f i c a n t  seismic 
sea wave (tsunami).  Large tsunamis can travel t h e  breadth of t h e  
P a c i f i c  and cause severe  damage thousands of miles from t h e i r  sources .  

It is now be l ieved  t h a t  t he  p r i n c i p a l  mechanism of wave generat ion 
is u p l i f t  or subsidence of t h e  sea f l o o r  d i r e c t l y  involved i n  ear th-  
quake source motion. This is  e s p e c i a l l y  t r u e  of l a r g e ,  d e s t r u c t i v e  
tsunamis,  which involve very l a r g e  volumes of displacement--the 
earthquake a t  Pr ince W i l l i a m  Sound, Alaska, i n  1964, involved u p l i f t  
of t he  she l f  bordering t h e  Gulf of Alaska by an average d i s t ance  of 
about s i x  f e e t ,  over a t o t a l  area of  some 40,000 square m i l e s .  The 
r e s u l t i n g  tsunami caused des t ruc t ion  throughout the  source reg ion  and 
down t h e  coas t  as f a r  as Ca l i fo rn ia .  

As pointed out  above, t he  d i r e c t  sea f l o o r  u p l i f t  produced by t h e  
C A N N I K I K  explosion w i l l  be too  small t o  produce a s u b s t a n t i a l  wave 
even along the  shores  of h c h i t k a .  Wnile several small tsunamis 
have r e s u l t e d  from undersea l ands l ides ,  acous t i c  p r o f i l i n g  of the  
s lopes  of t he  Aleut ian Trench and of t h e  Bering Sea near  Amchitka 
has revealed no l a r g e  depos i t s  of sedimentary material, so t h a t  such 
a tsunami source is not  c r ed ib l e  f o r  t h a t  area. 

Following t h e  l i n e  of reasoning set f o r t h  ear l ie r ,  i t  appears highly 
improbable t h a t  C A N N I K I N  w i l l  t r i g g e r  a major earthquake, although 
t h e  p o s s i b i l i t y  cannot c a t e g o r i c a l l y  be denied. I f  such an event  
should take  p lace ,  i t  would be ind i s t ingu i shab le  i n  cha rac t e r  from 
a n a t u r a l  earthquake, and i t  would probably be confined t o  a d i s -  
crete block of t h e  A l e u t i a n  cha in ,  w e s t  of Amchitka Pass w h i c h  
inc ludes  Amchitka, t h e  Xat, and t h e  Near I s lands .  The wave-generating 
p o t e n t i a l  of such an earthquake would not  be expected t o  be d i f f e r e n t  
from t h a t  of o t h e r  l a r g e  quakes i n  the  same region.  

H i s t o r i c a l l y ,  t h e  western s e c t o r  of t h e  Aleut ians  has  not  been a 
source of damaging tsunamis--although seve ra l  l a r g e  earthquakes 
have r ecen t ly  occurred t h e r e ,  t h e r e  is no record of a d e s t r u c t i v e  
tsunami o r i g i n a t i n g  i n  t h a t  region.  The l a s t  important seismic 
event i n  the  area w a s  the  R a t  I s l and  earthquake of February 1965 
of Richter  magnitude, almost 8 ,  whose ep icen te r  was wi th in  30 miles 
of Amchitka and whose p r inc ipa l  f r a c t u r e  and zone of a f te rshocks  
extended through the  whole R a t  Island-Near I s l and  p a r t  of the  
i s l and  chain.  
l o c a l l y ,  no s i g n i f i c a n t  waves reached Japan o r  Hawaii. This behavior 
c o n t r a s t s  markedly with the  e f f e c t s  of earthquakes f a r t h e r  east 
i n  t h e  Aleut ians ,  t h r e e  of which have generated waves causing sub- 
s t a n t i a l  damage i n  Hawaii i n  recent  h i s t o r y .  While i t  i s  not  wholly 

Although waves of s u b s t a n t i a l  he igh t  were observed 
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understood, t h e  r e l a t i v e l y  nontsunamigenic c h a r a c t e r  of western 
Aleutian earthquakes may have some r a t i o n a l  b a s i s  i n  evidence--the 
motion of t he  spreading sea f l o o r  is d i r e c t l y  toward t h e  e a s t e r n  
p a r t  of t h e  i s l a n d  chain,  bu t  i s  more nea r ly  tangent t o  t h e  western 
i s l a n d s  n e a r  Amchitka. Thus, a smaller tendency toward buckling 
and up th rus t  is  implied i n  t h e  w e s t  than i n  t h e  east. This view 
is supported by the  ex i s t ence  i n  t h e  western Aleut ians  of a 
p l u r a l i t y  of re l ic t  marine terraces t h a t  e x h i b i t  l i t t l e  evidence 
of t i l t i n g  o r  unconformity--in c o n t r a s t  t o  marked relative terrace 
displacement w e l l  t o  t h e  east of Amchitka Pass i n  t h e  c o a s t a l  areas 
from Pr ince  W i l l i a m  Sound t o  Kodiak Is land.  This d i s t i n c t i o n  sug- 
g e s t s  a long-term v e r t i c a l  s t a b i l i t y  of t h e  Rat and Near I s l ands  
c o n s i s t e n t  with t h e  l a c k  of s i g i f i c a n t  tsunami a c t i v i t y .  An i n v e s t i -  
ga t ion  of t he  terraces i n  the e a s t e r n  Aleut ians  is being c a r r i e d  
out  by t h e  USGS. 

The very small displacements observed during the  MILROW test have 
confirmed t h a t  l o c a l  ground motion caused by a l a r g e  underground 
test w i l l  not cause s i g n i f i c a n t  water waves. Three types of wave 
observations--portable t i d e  gages, deep-sea wave reco rde r s ,  and 
shallow-water wave gages--were conducted. 
of t h e  sea floor were observed. The deep-sea wave r eco rde r s  observed 
no waves exceeding 318 of an inch,  and t h e  shallow-water gages, 
which could d e t e c t  waves as s m a l l  a s  118 of an inch ,  recorded no 
unusual s i g n a l s .  

No permanent d i s l o c a t i o n s  

During t h e  CANNIKIN tes t ,  coordinat ion between t h e  CANNIKIN Control 
Point  and t h e  Alaskan Regional Tsunami Warning System, operated by 
t h e  National Ocean Survey of NOAA a t  t h e i r  Palmer, Alaska, Seismo- 
l o g i c a l  Observatory w i l l  be accomplished through a t e l e t y p e  communi- 
c a t i o n  channel which w i l l  be i n  ope ra t ion  a t  de tona t ion  t i m e .  

CONCLUSION 

The t r i g g e r i n g  by C L V N I K I N  of earthquake-produced ground motion com- 
pa rab le  t o  o r  g r e a t e r  than t h a t  produced by the  explosion i t s e l f  is 
very unl ikely.  Should t h i s  h igh ly  un l ike ly  event occur,  t h e  t r i g g e r e d  
earthquake would p l a u s i b l y  involve only t h e  western Aleut ians ,  near  
Amchitka, and thus  would pose no d i r e c t  t h r e a t  t o  populated areas, 
the  c l o s e s t  o t h e r  than Amchitka i t s e l f  being m i l i t a r y  bases 200 
miles away. Fur the r ,  i t  is  reasonable  t o  suppose t h a t  any t r i g g e r e d  
quake would be somewhat smaller because of premature release than i f  
i t  had occurred la ter ,  i n  t h e  n a t u r a l  course of even t s ,  a f t e r  a d d i t i o n a l  
buildup of stress. 
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It is worth r e i t e r a t i n g  t h a t  although t h e  p o s s i b i l i t y  of C h T ? I K I N ' s  
causing premature release of a l a r g e  quake cannot be abso lu te ly  ru l ed  
o u t ,  i t  is extremely unl ike ly .  Because the  understanding of ear th-  
quake mechanisms is s t i l l  developing, and i s  no t  sub jec t  t o  exact  
c a l c u l a t i o n ,  t h e  p o s s i b i l i t y  of occurrence of t h i s  event  i s  regarded 
with some range of opinion among the  most eminent se i smologis t s .  
None, however, assert t h a t  i t  is a t  a l l  l i k e l y  o r  t h a t  i t s  occurrence 
near  a populat ion cen te r  is p laus ib l e .  

With regard t o  sea waves (tsunamis) i n i t i a t e d  by n a t u r a l  ear thquakes,  
t h e r e  i s  no recorded case of a d e s t r u c t i v e  tsunami o r i g i n a t i n g  i n  
the  western Aleut ians ,  and any pos tu la ted  CKdNIKIX-triggered quake 
would not  be expected t o  d i f f e r  from n a t u r a l  precedent.  Thus, a 
sequence of two events ,  both of which are cont ra ry  t o  expec ta t ion ,  
would be necessary t o  b r ing  a5out damage from a tsunami: f i r s t ,  a 
major quake would have t o  be t r igge red ;  second, t h a t  quake would have 
t o  behave cont ra ry  t o  a l l  p r i o r  experience f o r  t h e  western Aleut ians  
and genera te  an important tsunami. In  t h i s  l i g h t ,  t he  r i s k  of tsunami 
damage consequent upon t h e  CAXXIKIN t es t  appears  t o  be n e g l i g i b l e .  

In  o rde r  t o  be assured of having a l l  poss ib l e  information i n  hand 
t h a t  could add t o  knowledge of t he  seismic and tsunamigenic cha rac t e r  
of t he  western Aleut ians ,  a c t i v e  inves t iga t ions  of t he  geology and 
s e i s m i c i t y  of t h a t  region a r e  being pursued. A program of calcu- 
l a t i o n s  t o  p r e d i c t  t h e  generat ion and propagation of a pos tu la ted  
tsunami o r i g i n a t i n g  t h e r e  is  being supported. While t h e  l a t te r  
c a l c u l a t i o n s  are not  necessary t o  tIie CANIiIKIN tes t ,  they w i l l  be 
a v a i l a b l e  w e l l  i n  advance of t h a t  t es t  and w i l l  provide supplementary 
use fu l  information.  

NOTE: I n  the  un l ike ly  event t h a t  t h e  P ro jec t  CANNIKIN de tona t ion  
should cause damages t o  property o r  i n j u r y  t o  persons,  t h e  Atomic 
Energy A c t  of 1 9 5 4 ,  as amended, au tho r i zes  t h e  Atomic Energy 
Commission t o  compensate f o r  t he  l o s s e s  under Sect ion 167  of t h e  
A c t .  
loss of $5,000 o r  less. 
handled throup,h Commission ' c e r t i f i c a t i o n  t o  t?ie Congress. To 
d a t e ,  t h i s  arrangement has  been adequate f o r  dea l ing  with any 
damages r e s u l t i n g  from the  underground t e s t i n g  program. 

The Commission has a u t h o r i t y  t o  pay immediately any such 
Payment of any claims i n  excess are 

In  a d d i t i o n ,  t h e  Commission has  indemnity a u t h o r i t y  by reason of 
t he  Price-Anderson l e g i s l a t i o n  (Sect ion 170)  of t h e  Atomic Energy 
Act, and t h e  indemnity agreements thereunder  which are i n  f o r c e ,  
t o  pay $500,000,000 f o r  claims f o r  l i a b i l i t y  a r i s i n g  out  of a 
nuclear  i nc iden t ,  as provided i n  the  A c t .  There has  been no occa- 
s ion  t o  u t i l i z e  t h i s  a u t h o r i t y  i n  t h e  t e s t i n g  program. 
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Received i n  AEC on 8/3/70. 

United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

July 16 ,  1970 

Mr .  John A.  Erlewine 
Assistant General Manager for Operations 
U. S. Atomic Energy Commission 
Washington, D .  C. 20545 

Dear Mr. Erlewine: 

As requested in your letter of June 17, we have reviewed the 
draft environmental impact statement for the CANNIKIN nuclear 
test ,  Amchitka Island, Alaska, and offer the following comments: 

The statement estimates that tritium will be discharged 
into the ocean at  a level close to the maximum per- 
missible concentration for water, beginning 145 years 
after the CANNIKIN event, and that this discharge w i l l  
be diluted by l o 5  by the longshore currents (page 13 
of the draft). Does this dilution factor account for the 
accumulation of tritium in the longshore currents that 
may result from groundwater discharges from the 
MILROW apd LONGSHOT events? 
believe it should and the potential CANNIKIN discharge 
evaluated in this light. 

If it  does not, we 

Because tritium from the LONGSHOT event was found 
in surface ponds, we believe that water samples should 
be collected, following the CANNIKIN event, from water 
geysers that may occur over o r  near the "ground zero" 
sites of the MILROW and LONGSHOT events. Analyses 
should be made to determine whether such geysers a re  
allowing the movement of radionuclides from these pre- 
vious events from the subsurface to the surface environ- 
ment. 
activation by-products in addition to tritium and the noble 
gases. 
sampling and analyses a r e  planned. 

Analyses should be made f o r  fission and fusion- 

We do not find in the draft statement that such 



( 3 )  Careful and continued monitoring of the radioactivity 
in the marine environment and especially in fishes 
of the Amchitka a rea  should be maintained in coopera- 
tion with the'Department of the Interior, in order  to 
insure that there i s  no contamination of commercial 
fishery products. In the unlikely event that contamina- 
tion did occur, we must be aware of it and prepared 
to reassure the American public of the safety of fishery 
products moving into the market. 

(4) We do not believe that the anticipated possible loss of 
up to 20 sea otters from the native population of 2, 500 
would be of any lasting significance. 
to minimize the possibility of these small losses;  how- 
ever, by having harvest o r  transplant stock collected 
from near the test  site if any animals a r e  taken fo r  
those purposes within a few months prior to the tests. 
Also, the contemplated sea otter research program may 
provide us  with techniques for luring or  driving the animals 
from the test a rea  at shot time. 

It may be possible 

(5 )  The draft statement refers to man-made containment 
structures, such a s  sewage treatment facilities, drilling 
mud pits and fuel oil tanks on the Island. 
statement makes little reference to these facilities, we 
assume that proper precautions have o r  w i l l  be taken to 
prevent possible failure due to the seismic shock from 
the CANNIKIN test .  

Although the 

(6)  Although the conclusion that CANNIKIN is unlikely to 
trigger a seismic event a s  large a s  o r  larger than the 
nuclear event is  valid, some of the statements leading 
to that conclusion a r e  not entirely correct  and may be 
misleading. It should be pointed out, however, that 
additional background studies on regional tectonics and 
marine geology a r e  underway and final evaluations of the 
feasibility of the CANNIKIN event should not be made until 
the results of these studies have been assessed. 

2 



(7) The Aleut Indian League, during their las t  annual 
meeting in Anchorage, passed a resolution opposing 
any atomic blasting in the "Aleut Countryt1 which is 
all of the Aleutian Chain. We suggest that their 
President, Carl Moses, of Unalaska, Alaska be 
given an opportunity to review this environmental 
statement. 

Cooperation between this Department and the Atomic Energy 
Commission with regard to the past nuclear tests on Amchitka 
Island and in preparation for the CANNIKIN test  has been effective 
toward balancing our various interests. 
tinuing cooperation(iin this regard. 

We look forward to con- 

We appreciate the opportunity to review this statement. 

Sincerely yours, 

hn R .  Quarles, J r .  
Assis t@ nt to the Secretary for Policy 

Planning and Research 

, 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASH I NGTON. D.C. 20545 

M r .  John R. Quarles, Jr. 
Assistant to the Secretary 

U. S. Department of the Interior 
Washington, D.C. 20240 

for Policy Planning and Research 

Dear Mr. Quarles: 

Thank you for your comments of July 16, 1970 on AEC'S Draft En- 
vironmental Statement - CANNIKIN, Taking your comments in the 
numbered sequence of your letter, we have accommodated each as 
follows: 

1. Beginning on page 20 of the final statement (enclosed) a more 
detailed and quantitative analysis of the different mechanisms 
and time scales by which tritiated water could be discharged 
into the Bering Sea is presented. 
dict that tritiated water will most likely require about 
1,000 years to reach the Bering Sea at which time the radio- 
active level will be less than the Bering Sea background. 
This prediction is based on known geology and hydrology of 
Amchitka and has the concurrence of the U. S. Geological 
Survey. You will note also other analyses are exhibited in 
the environmental statement and are based on very unlikely 
presumptions that could lead to more rapid discharge to the 
Bering Sea. However, even under the worst presumed conditions 
the dilution of the Sea would reduce radioactivity concentra- 
tions to levels that are far below the limits established 
for fresh water. In fact, of course, the Bering Sea is not 
fresh water and is not used for human consumption and oceans 
in general are not concerned with fresh water standards, 

You will note that we pre- 

2. As you know, an intensive environmental monitoring and analysis 
program, including water monitoring at the Long Shot and 
MILROW sites is continuing on Amchitka and will be appropriately 
documented following CANNIKIN, similar to that provided fol- 
lowing the MILROW event (enclosed). The U. S. Geological Sur- 
vey water monitoring and general environmental monitoring 
programs are summarized on pages 41 and 4 2 ,  respectively, 
of the environmental statement. 
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3. 

4. 

5 .  

6 .  

7. 

We agree on the desirability of the biological environmental 
monitoring programs and have included general summaries of 
our arrangements for continuing these activities on pages 41 
and42 of the environmental statement. 

We agree on the desirability of minimizing the injury or loss 
to the sea otter population of Amchitka and have indicated on 
page11 of the environmental statement some of the considerations 
that should minimize such impact. We are aleo working closely 
with the Department of Interior and with the Alaska Department 
of Interior and with the Alaska Department of Fish and Game in 
this regard. 

The construction activities section of the environmental 
statement has been expanded to summarize the AEC's protective 
measures to prevent or minimize any ground motion damage to 
support facilities and civil works. 

We have continued to collect and analyze seismic information 
and have had our contractors and consultants review the 
CANNIKIN environmental statement to assure that it reflects 
a consensus of expert opinion, 
questions regarding our statement on seismicity and trigger- 
ing, we will be pleased to give them consideration. 

If there are further specific 

The President of the Aleut Indian League was forwarded copies 
of the draft environmental statement on August 7, 1970 as 
you requested. 
final statement. 

We are also providing him with copies of the 

Q 

For your information we are forwarding copies of our CANNIKIN en- 
vironmental statement, comments that we received on the draft 
statement and AEC's response to the comments. 

We are pleased to have received the Department of Interior's comments. 

Sincerely , 
/? 

Enclosures : 
As stated 

John A. Erl.ewine, Assistant 
General Manager for Operations 



DEPARTMENT OF HEALTH, EDUCATION. AND WELFARE 
WASHINGTON, D.C. 

OFFICE OF THE SECRWARY OCT14WO 

M r .  John A. Erlewine 
A s s i s t a n t  General Manager 
f o r  Operations 
U.S. A t o m i c  Energy Commission 
Washington, D.C. 20545 

Dear M r .  Erlewine: 

M r .  Roger Strelow has  r e f e r r e d  your letter of June 1 7 ,  1970, t o  me  
reques t ing  comments on t h e  environmental  impact of t h e  proposed 
CANNIKIN test scheduled f o r  f a l l  of 1971. These comments were 
reques t e d  based on t h e  Commission's procedures f o r  implementing t h e  
p rov i s ions  of t h e  Nat iona l  Environmental Pol icy  A c t  of 1969. 

The Southwestern Radiological  Health Laboratory of our  Bureau of 
Radio logica l  Heal th  has  prepared a s t a f f  r epor t  on t h e  p u b l i c  h e a l t h  
a spec t s  of t h i s  proposed test  based on t h e  information contained in 
the  Dra f t  Environmental Statement - CANNIKIN submitted t o  t h i s  
Department f o r  review. This s t a f f  r e p o r t  is herewith formally 
submitted as our response t o  your request .  

We apprec ia t e  t h e  opportuni ty  t o  comment on t h e  D r a f t  Environmental 
Statement - CANNIKIN. 
f u r t h e r  a s s i s t a n c e  i n  t h i s  matter. h 

Please  advise  i f  t h i s  Department can be  of 

RogL 0 .  igeb- 
Ass i s t an t  Sec t a r y  

f o r  Heal th  and Sc ie  t i f i c  A f f a i r s  

Enclosure 
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ON 

JUNE 12,  1970 

DRAFT ENVIRONMENTAL STATEMENT 

CANNIKIN 

by 

Southwestern Radiological Health Laboratory 

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

Public Health Service 

Environmental Health Service 

September 18, 1970 



INTEOl>IJCTION AND CONCLUS 109s 

The D r a f t  Environcicntal Statcment  - Cannikin da t ed  June 1 2 ,  1970, which 

w a s  submitted by the U.S.. Atomic Energy Commission t o  t h e  Department of 

Hea l th ,  Educatf.cn, and Welfare ,  has  been reviewed by members of t h e  s t a f f  

of t h e  Sou t lwes tc rn  Rad io log ica l  Heal th  Laboratory,  Bureau of Radiologic21 

Heal th ,  Publ ic  Hcnith  Sei-vice (WRHL,  K R I I ,  1’11s). T h i s  s t a f f  r e p o r t  is 

l i rni tcd t o  c o n s i d e r a t i o n  of r a d j w c t i v j t y  r-cli.ascd t o  t h e  s u r f a c e  2nd 

t o  ground water  and bioenvironmental  e f f e c t s  r e l a t e d  t o  r a d i o a c t . i v i t p .  

It i s  d i r e c t l y  r e spons ive  t o  t h e  requircuients placed on Federal  a g e n c i e s  by 

t h e  h’ationnl Eiivironmciital Pol icy Act of 1969 and,  a s  such, i s  intended 

t o  s t a t e  the p o s i t i o n  of  t he  Dcpsrtmcnt of Heal th ,  Educat ion,  and i:’elfarc. 

The Department of l l ea l th ,  Educat ion,  and Wellare, as i t -  r e l a t e s  t o  

t h i s  Statement ,  ’ is  concerned w i t h  r a d i o a c t i v i t y  and i t?  impact on t h e  

h e a l t h  of the  p u b l i c .  We d i d  n o t  have t h e  p r e c i s e  inforination a v o i l -  

a b l e  i n  t h e  Environrncntal. Stntcrncnt upon which t o  G U ~ C  our e v a l u a t i o n ;  i n  

pa r t i cu l . a r  i t  di.d not c o n t a i n  s u f f i c i e n t  information concerning tlic 

crcclibi  l i t y  of v a r i o u s  typcs of relcascs  of r a d i o a c t i v i t y .  niercforc,  

conscrvnt  ive assumptions were used i n  t h i s  e v a l u a t i o n  which i n s u r e d ,  

from a pub l i c  hca l t l i  viewpoint-, t h a t  a l l  pcrti i iei i t  Fac tors  r e l a t e d  t o  

environmental  impact have been ndequatcly cvn lua tcd .  I n  a d d i t i o n  t o  the 

information contained i n  the Environmental Statement  e e n e r a l  i n fo rn l i t i on  

from t h e  Longshot and Milrow Events and t e c h n i c a l  r e p o r t s  a t  t h e  South- 

westcrii Rad io log ica l  Health Laboriitory wcrc u t i l i z e d .  Since i t  was 

. s t a t e d -  t h a t  t h e  yield is somewhat l a r g e r  t han  Milrow (about  1 N t ) ,  i t  

http://Educatf.cn


wa s sunied t h a t  t h e  Cniinikin t c s t  i s  n t y p i r a l  underground t e s t  w i t h  a 

y i e l d  between one and t e n  niegatons, and t h a t  thc dcv ice  y i e l d  will .  b c  

l a r g e l y  f u s i m i  w i t h  n uuxiiiiurn f i s s i o n  y i q l d  in tlic k i l o t o n  range.  

The ~ ~ r i i i c i ~ ~ : i l  c o i i c l i ~ s ~ o ~ ~ s  of this revicw a re  ;is fo1lows: 

1. 

of  the popu la t ion ,  nor s h o u l d  tlrci-e be n major impact on t h e  environment 

of Anicliitka I s l a n d .  Thc probnbi l - i ty  of any  cvciit time re lease ,  much 

less  one which would r e s u l t  i n  c o n c e n t r a t i o n s  of  r a d i o a c t i v i t y  i n  

p o p u l a t e d  areas above a p p r o p r i a t e  1:edcrnl Radiat ion Council  guides  or 

Atomic Encarf;y C o u u n i s s i o i i  s t anda rds  ( 3 , 4 ) ,  i s  v e r y  low. 

The Caniiikin t e s t  will not  adve r se ly  a f i ccL  tlie l ical th  and w e l f a r e  

2 .  T h e  Envjronmcntal S L a t  euieiit would bc miich more uscful and i t s  

conc lus ions  inore crcdj1,lc i f  ca l cu la t - ion  tcichniqucs, parameters and 

r a t i o n a l e  used in  c a l c u l n t i v n ,  and conc lus ions  froni pas t  cxpe r i cncc  

were r e fe rcnced  t o  a p p r o p r i a t c  s o u r c e s ,  

3 .  The o f f - s i t e  r a d i o l o g i c a l  s a f e t y  program should be mentioned and 

desc r ibed  i n  t h e  Striteuient. 

4 .  P e r t i n e n t  inforii lat~ion should b e  forwar'dcd t o  thc  Department of 

Hea l th ,  Education, and Wclfare as i t  beconics a v a i l a b l e  i n  o r d e r  t o  

a l l o w  a cont inuous review u n t i l  the exccu t ion  of t h e  t e s t  and f o r  a t  

l e a s t  a yea r  t h e r e a f t c r .  

DISCUSSION 

S t .  Paul and IJmnnk I s l and  arc the n e a r e s t  uncon t ro l l cd  popu la t ion  a r e a s  

t o  AmcIiitka, tlic tc!c:tiIlg ;isca. l'liesc 3.slailJs arc  about 500 I I L I C C ,  irom 
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Anicliitka. 

iniles d i s t a n t .  

t e s t  w i l l  bc. d i rcc t : ly  r e l . a t ed  t o  the cvcn t  and untlcr tix d i r e c t  s u p e r v i s i o n  

of  tlte Test: blai)!;cr. 

p o i n t  2 3  m i 1 . e ~  from s u r f a c e  ground z e r o  . An i n d i c a t i o n  of  the i s o -  

l a t i o n  of the  arcs i s  t h a t  t he  near.est. s i g n i f i c a n t  mi lk  product ion  i s  

i n  t h e  Palmer a rea  (near  Anchorage) inarc. t h a n  3 thousand m i l e s  away ( 9 ) .  

Thc m i l i t a r y  bases on Adnk, A t t u ,  and Slieniya arc about 200 

'The personnel  r c m j . n i n g  on Anchj.t:ka d u r i n g  t h e  Cannikin 

'll~cy w i l l  I ) e  1oc:ntc:d i n  ;I specially d e s i g n e d  c.viitrol 

A review of v e n t i n g  pheno!~cnol.og;y by 1Zapp (1.0) of t h e  Lawrence Radia t ion  

Laboi:a t o r y  i i i d i ca t c s  ;I m i n i i i i u n i  b u r i a l  d c p t h  of l ess  t h a n  6,000 f e e t  

(as  g iven  i n  t k  L> ~ ' t .  < I  t cu;cnt) f o r  contaiiii!!cnt o f  a test: up t o  1.0 N t  i n  

y i e l d .  R a p ] )  i n d i c a t e s  t h a t  hi:; tcchnj.quc wi.11. n o t  determine t h e  dc!lth 

a t  *,I!lich v e n t i n g  will occ:ur, but: rn t t ie r  n dcpch I>cl.ow 1;hich v c n t i n g  

w i l j  n c t  occur ( l o j .  

A s t u d y  by Los A l a r m s  S c i e n t i f i c  Laboratory i n d i c a t e s  t h a t  i f  t h e  r a t i o  

of the depth  of b u r i a l  t o  t h e  r a d i u s  of t h e  c a v i t y  i s  g r e a t e r  than seven,  

t h e r e  w i l l  not be a prompt re lease of r a d i o a c t i v i t y .  Th i s  r a t i o  i s  about  

t e n  or g r e a t e r  f o r  t h e  Catmikin t e s t ,  even allowinG f o r  a y i e l d  of 10 Pl t  

and u n c e r t a i n t i e s  i n  thc mcdiiini wlierc tlic dcv j  ce i s  b u r i e d  ( r a d i u s  

c a l c u l a t i o n  based on r e f e r c n c c s  11, 12 ,  and 13) .  Ttic mcnsiirc of  c o n t a i n -  

mcnt success i s  i l l u s t r a t e d  by tlic f a c t  tha t  s i n c c  1963 on ly  10 of  

approxirnntcly 200 sLandrird y c r t i c a l  s h a f t  e v e n t s  linvc r c l e n s c d  r a d i o -  

a c t i v i t y  of any conscqucncc. Only one of  these was above 2 0  k t  ( i . c . ,  it 
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was i n  the  low-intermediate c lass) ,  and the  r e l e a s e  from it w a s  a s s o c i a t e d  

wi th  seepage . 
have r e l eased  any d e t e c t a b l e  r a d i o a c t i v i t y  a t  shot time (11). 

a Of t h e  twelve events  over 200 k t  ( inc luding  Mi l row) ,  none 

A gene ra l  review of ground water  contaminat ion and t r a n s p o r t  (based 

on r e fe rences  14, 15, 16 and 17)  i n d i c a t e d ' r e s u l t s  s imilar  t o  those  i n  

t h e  Environmental Statement .  

The only  expected r e l e a s e s  of r a d i o a c t i v i t y  to the b iosphere  are t r i t i u m  

a t  l e v e l s  i n  the  range of  t h e  concen t r a t ion  guides  (3 F C i / l  f o r  i n d i v i d u a l s )  

i n  ground water d i f f u s i n g  i n t o  the  ocean about  one century  a f t e r  t he  

event  and poss ib ly  t r i t i u m  i n  s u r f a c e  water  a t  concen t r a t ions  s i g n i f i c a n t l y  

lower than t h e  guides  s e v e r a l  months a f t e r  t h e  event .  The l a t t e r  poss i -  

b i l i t y  i s  based on Longshot exper ience .  

It is rmprobable t h a t  t h e r e  w i l l  be any environmental  release of r ad io -  

a c t i v i t y  a s s o c i a t e d  wi th  event  t i m e  a c t i v i t i e s  ( i o e . ,  v e n t i n g  o r  seepage) .  

Thus, no r a d i o l o g i c a l  bioenvironmental  e f f e c t s  a r e  expected. The low 

concen t r a t ions  o f  t r i t i a t e d  water  t h a t  may seep  o r  d i f f u s e  i n t o  t h e  

ocean o r  t o  the  s u r f a c e  a t  ground ze ro  should no t  produce any measurable 

b i o l o g i c a l  e f f e c t s .  

aThis t e s t  took p lace  i n  carbonate  rock ,  which produced l a r g e  volumes 

of carbon d ioxide .  Carbon d iox ide ,  un l ike  water, does no t  condense a t  

t h e  chimney temperature  and p res su re  c o n d i t i o n s .  Thus, t he  c a v i t y  

p re s su re  d id  not  f a l l ,  as normally occurs  i n  a water  environment,  and 

non-condensable gases con ta in ing  predominantly r a d i o a c t i v e  noble  gases  

percola ted  through the  chimney t o  the  su r face .  
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Although an  event  t i m e  r e l e a s e  is no t  expected,  a small r e l e a s e  r e l a t e d  

t o  seepage is w i t h i n  t h e  realm of p o s s i b i l i t y .  

of t he  Nash (1) o r  P in  S t r i p e  (2, 18) Events, conducted a t  t h e  Nevada 

T e s t  S i t e ,  p r e s e n t s  a c r e d i b l e  e s t ima te  df t h e  type of release t h a t  

could occur from Cannikin. The Nash (1) Eveut is a n  example of seepage 

due t o  a l a r g e  volume of  non-condensable gasses  and the  P in  S t r i p e  

Event (2 ,  18) i s  used as a n  example of a minor vent ing .  The analogy 

of Cannikin t o  t h e s e  even t s  is predicated on t h e  assumption t h a t  Cannikin 

w i l l  be a minimum f i s s i o n  device  ( s e v e r a l  k t  o r  l e s s ) .  

A release similar t o  t h a t  

The Nash Event r e s u l t e d  i n  e x t e r n a l  gamma readings  of less than  1 mR/hr 

(cloud passage;  no t  depos i t i on )  a t  40 miles  (1). Fresh  f i s s i o n  products  

( inc lud ing  r ad io iod ine  i s o t o p e s )  were n o t  de t ec t ed  o f f - s i t e  (approximately 

40 m i l e s )  wi th  regard  t o  t h i s  event .  

The Pin S t r i p e  Event r e s u l t e d  i n  e x t e r n a l  gamma readings  of about  8 mR/hr 

(cloud passage)  a t  about 40 miles  from t h e  de tona t ion  po in t .  Iodine-131 

concen t r a t ions  i n  milk were about 4800 p C i / l  and 170 pCi / l  a t  65 and 105 

m i l e s ,  r e s p e c t i v e l y ,  from the  de tona t ion  po in t .  

Even i f  a r e l e a s e  s i m i l a r  t o  o r  g r e a t e r  than  t h e s e  examples were t o  

occur ,  we would not  expect  any measurable b i o l o g i c a l  e f f e c t s  (4, 20, 21) .  

The d i s t a n c e  t o  populated areas f o r  t he  Cannikin t e s t  i s  roughly a n  

o rde r  of magnitude g r e a t e r  than f o r  t h e  r e fe renced  even t s .  Thus, u s ing  

a df.stance squared s c a l i n g  f a c t o r  f o r  t he  e f f l u e n t  concen t r a t ions ,  the 

r e s u l t i n g  doses  would be s e v e r a l  o r d e r s  of magnitude l e s s  than those  
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f o r  t he  re ferenced  events .  A l s o  t h e  p r o b a b i l i t y  of e f f l u e n t  pass ing  

over  

cover only  8 small f r a c t i o n  of t he  360' arc. 

a populated a r e a  i s  small, cons ider ing  t h a t  t h e  populated areas 

I n  a d d i t i o n  t o  t h e  p rev ious ly  noted popula t ions ,  t h e r e  i s  commercial 

f i s h i n g  i n  the  area by Russian and Japanese f l e e t s  (19). 

of t h e  f i s h i n g  crews and/or  t h e i r  c a t c h  does no t  change t h e  aforementioned 

s t a t emen t s  of e f f e c t s .  

Cons idera t ion  

The event  planning w i l l  i nc lude  a s a f e t y  program s i m i l a r  t o  that f o r  

Milrow (9) where SWRHL/PHS personnel  were a v a i l a b l e  at t h e  closest 

populated l o c a t i o n s  wi th  several personnel  a l s o  aboard s h i p s  i n  the  a r e a .  

The i n d i v i d u a l s  are equipped t o  monitor r a d i o a c t i v e  e f f l u e n t ,  should 

unexpected circumstances occur .  

also i nc ludes  planning f o r  p r o t e c t i v e  a c t i o n  enactment (18). 

The s a f e t y  program conducted by SWRHL 

GEOLOGICAL 

The geology of Amchitka has  not  been eva lua ted  as i t  may be a f f e c t e d  

by the  de tona t ion  of Cannikin.  

expertise i n  t h i s  a r e a  and the  d a t a  from t h e i r  e v a l u a t i o n  a r e  used a s  

they may apply to t he  movement and d i s t r i b u t i o n  of r a d i o a c t i v i t y .  

The U.S. Geological  Survey has  t h e  

SEISMOLOGICAL 

The environmental  e f f e c t  of ground motion from the  de tona t ion  is provided 

by t h e  U.S. Coast  and Geodetic Survey. S ince  t h i s  t y p e  of environmental  

. - - .- . - . -..-~---.. - . ~. - - . .. . . .~ . -. . . - .  _ _  .- -. . - .- . - . _ _  . . . . .. . . . . . .. . 
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e f f e c t  i s  o u t s i d e  our t e c h n i c a l  c a p a b i l i t y  t o  review, they have no t  

been included.  We u t i l i z e  t h e  information provided by t h e  U.S. Coast 

and Geodetic Survey i n  planning ou r  Off-Si te  Radiological  S a f e t y  Program. 

ATMOSPHERIC AND SURFACE RELEASE OF RADIOACTIVITY 

The l i k e l i h o o d  of  ven t ing  was considered from t h e  s t a n d p o i n t  of  

(a) h i s t o r i c a l  o r  e m p i r i c a l  i n f o r m t i o n  from p a s t  e v e n t s ,  (b) from the  

more t h e o r e t i c a l  s t andpo in t  of  c a v i t y  and chimney formation,  and 

(c) c r a t e r i n g / v e n t i n g  phenomenology o r  c o n s i d e r a t i o n  of t h e  r a r e f a c t i o n  

wave and gas  a c c e l e r a t i o n ,  and flow through i n t e r s t i t i a l  spaces .  These 

eva lua t ions  were performed through u s e  of  h i s t o r i c a l  r eco rds  and t h e  

papers by Rapp (10) Germain and Kahn (ll), Chapin (12), and o t h e r s  as 

referenced.  A b a s i c  d i f f e r e n c e  between t h e  h i s t o r i c  and phenomenology 

approaches i s  t h a t  t h e  h f s t o r i c  approach, a l though based on expe r i ence ,  

does no t  e x p l a i n  why th ings  happen. The phenomenology approach a t t empt s  

t o  e x p l a i n  t h e  phenomenon of  ven t ing  and t h e  phys ica l  r easons  f o r  i t  

occur r ing  and, t hus ,  i s  more adap tab le  t o  even t  y i e l d s  g r e a t e r  than 

those f o r  which a c t u a l  experience has  been obtained.  

The a n a l y s i s  w a s  based on a y i e l d  range of 1-5 M t  f o r  Cannikin. A 

y i e l d  of 10 M t  was a l s o  considered,  Cannikin w i l l  be t h e  l a r g e s t  

underground nuc lea r  exp los ive  eve r  detonated i n  t h e  U.S. t e s t i n g  program. 

The e v a l u a t i o n  techniques used (10, 11, 12)  a r e  thus  based on even t s  w i t h  

smaller y i e l d s ,  bu t  they are  based on a range of y i e l d  and should be 

r e l e v a n t .  E x t r a p o l a t i o n  t o  h ighe r  magnitudes always e n t a i l s  u n c e r t a i n t i e s - -  

a l though nuc lea r  t e s t i n g  experience t o  d a t e  i n d i c a t e s  a h ighe r  degree of  

i n t e g r i t y  of containment f o r  high y i e l d  s h o t s  ve r sus  low y i e l d  s h o t s  

( k i l o t o n  range)  (10, 11). 



Empir ical  H i s t o r i c  Approach: The U.S. t e s t i n g  program has conta ined  

numerous underground tests wi th  va r ious  y i e l d s  from e s s e n t i a l l y  ze ro  t o  

Over one megaton. The des ign  of t h e  tests varies from those  loca ted  

i n  v e r t i c a l  s h a f t s  o r  t unne l s  w i th  experimental  des igns  r e q u i r i n g  l i n e -  

o f - s i g h t  p ipes  (c losed  subsequent t o  t h e  device  de tona t ion  e i t h e r  by 

a w i l l i a r y  explos ives  o r  t h e  shock wave from the  dev ice )  t o  dev ices  

emplaced i n  v e r t i c a l  s h a f t s  where the  s h a f t  is completely stemmed 

(10, 11, 22). 
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A number of events  i n  the  p a s t  have vented- - inadver ten t ly  r e l e a s e d  

r a d i o a c t i v i t y  a t  t h e  time of the  de tona t ion .  These ven t ings  have been  

i n  p a r t  due t o  inadequate  b u r i a l  depth ,  as w e l l  as t h e  des ign  of a s s o c i a t e d  

experiments and o t h e r  f a c t o r s .  The c a p a b i l i t y  of con ta in ing  underground 

nuc lea r  de tona t ions  has not  on ly  improved wi th  t ime ( a  g r e a t e r  f r a c t i o n  

of t he  even t s  of a given y i e l d  p r i o r  t o  and inc lud ing  1963 vented  

than a f t e r  1963), but i t  has  been noted t h a t  even t s  w i th  a low y i e l d ,  

0-20 k t ,  have a h igher  p r o b a b i l i t y  of ven t ing  than  those  w i t h  a h ighe r  

y i e l d  (10, 11). 

The inadve r t en t  r e l e a s e s  can be ca t egor i zed  by the  phys ica l  phenomena 

of t h e  n a t u r e  of t he  release--seepage and "prompt" o r  dynamic ven t ing .  

Prompt ven t ing  i s  a s s o c i a t e d  wi th  cons ide rab le  thermal  and k i n e t i c  

energy wi th  the  r e l e a s e  r e s u l t i n g  from ground f i s s u r e s  and/or  s t e m i n g  

f a i l u r e .  Seepage, which is more probable  than  prompt ven t ing ,  i s  a r e s u l t  

of r a d i o a c t i v e  gases  f i l t e r i n g  through t h e  chimney rubb le  t o  the  s u r f a c e .  

Whereas, prompt ven t ing  r e s u l t s  i n  an e s s e n t i a l l y  non-f rac t iona ted  

- -I--- .. .- .. -..- - -~ . . . . . .. -. - .. . . . . . . . , -_ ~ ~ 
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r a d i o a c t i v e  e f f l u e n t ,  i n  t h e  course  of  seepage t h e  non-gaseous i so topes  

are r e t a i n e d  by f i l t r a t i o n  and abso rp t ion  and the  release is l a r g e l y  

composed of noble  gases  (10, 11, 22).  Even i n  the  case of prompt ven t ings ,  

t h e  r e l e a s e s  have been only a few percent  of t he  to ta l  inventory ;  whereas,  

f o r  seepage t h e  e f f l u e n t  is no t  only f r a c t i o n a t e d ,  b u t  much lower in 

q u a n t i t y  (22). 

The measure of containment success  is i l l u s t r a t e d  by the  f a c t  t h a t  s i n c e  

1963 only 10 of  approximately 200 s t anda rd  vertical  s h a f t  even t s  have 

r e l eased  r a d i o a c t i v i t y  of any consequence. Only one of these  w a s  above 

I 20 k t  ( i . e . ,  i t  was i n  the  low-intermediate c l a s s ) ;  and t h e  r e l e a s e  

from i t  was a s s o c i a t e d  wi th  seepage . Of t h e  twelve even t s  i n  t h e  a 

i n t e rmed ia t e  ca tegory  (200-1,000 k t  and some s l i g h t l y  over  1,000 k t )  

none have r e l e a s e d  any d e t e c t a b l e  r a d i o a c t i v i t y  a t  s h o t  time (11). 

Cavi ty  Radius and Chimney Formation: Higgins and Butkovich (13) der ived  

the  b a s i c  equat ion  i n d i c a t i n g  t h a t  t h e  c a v i t y  r a d i u s  i s  a f u n c t i o n  of a 

m a t e r i a l s  cons t an t  and the  cube r o o t  of t h e  device  y i e l d .  The product 

of t he  above parameters i s  d iv ided  by t h e  overburden p res su re  taken t o  

a power dependent on the  a d i a b a t i c  expansion c o e f f i c i e n t  of the  rock. 

a T h i s  t e s t  took p lace  i n  carbonate  rock ,  which produced l a r g e  volumes 

of carbon d ioxide .  Carbon d iox ide ,  u n l i k e  wa te r ,  does no t  condense a t  

the  chimney temperature  and p res su re  cond i t ions .  Thus, t he  c a v i t y  

' / \  pres su re  d id  n o t  f a l l ,  as normally occurs  i n  a water  environment,  and 

non-condensable gases  con ta in ing  predominantly r a d i o a c t i v e  noble  gases  'os 

1 percola ted  through the chimney t o  the  s u r f a c e  (10, 11). 
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Boardman, e t  al. (23), i n d i c a t e d  t h a t  a n  e a r l i e r  v e r s i o n  of t h i s  

r e l a t i o n s h i p ,  where t h e  overburden p res su re  w a s  taken t o  a c o n s t a n t  

pover,  p red ic t ed  c a v i t y  r a d i u s  w i t h i n  20%. 

Chapin (12) i nd ica t ed  a f u r t h e r  mod i f i ca t ion  of  t he  b a s i c  equa t ion  by 

no t ing  t h e  a d i a b a t i c  expansion c o e f f i c i e n t  was not  c o n s t a n t  w i t h  p re s su re  

a s  Higgins and Butkovich have assumed (13). 

parameter t o  account  f o r  t he  f a c t  t h a t  t he  c a v i t y  d o e s n ' t  always cont inue  

t o  expand u n t i l  t he  c a v i t y  p re s su re  reaches  the  overburden p res su re  (24) .  

Chapin's (12)  approach i n d i c a t e s  c a v i t y  r a d i i  about 10% less than t h a t  

f o r  Higgins and Butkovich (13) f o r  the  Cannikin Event. Using Higgins 

and Butkovich equa t ions ,  t he  c a v i t y  r a d i u s  f o r  even a 10 M t  dev ice  i s  

s l i g h t l y  l e s s  than  one-tenth of the  b u r i a l  depth  assuming a g r a n i t e  

medium which should be r e p r e s e n t a t i v e  of t h e  Cannikin environment which 

has  been i d e n t i f i e d  a s  b a s a l t i c  vo lcan ic  b r e c c i a  (14 ) .  

Chapin (12)  a l s o  included a 

A s tudy  of p a s t  even t s  by the  Los Alamos S c i e n t i f i c  Laboratory i n d i c a t e s  

t h a t  a r a t i o  of b u r i a l  depth t o  t h e  c a v i t y  r a d i u s  of 7 i s  s u f f i c i e n t  for 

containment.  The above c a l c u l a t i o n s  i n d i c a t e  a r a t i o  of g r e a t e r  than 

10 f o r  a y i e l d  of 10 M t .  

no t  cause t h i s  r a t i o  t o  d e v i a t e  s i g n i f i c a n t l y  below 10. 

U n c e r t a i n t i e s  concerning the  a c t u a l  medium do 

T e l l e r ,  e t  a l .  (25) i n d i c a t e s  an approach the  same a s  t h a t  of Higgins 

and Butkovich (13). 

9 
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Based on t h e  c o l l a p s e  of  Longshot and Milrow and several even t s  a t  

t h e  Nevada T e s t  S i t e ,  i t  would appear  t h a t  Cannikin K i l l  probably chimney 

t o  t h e  s u r f a c e  and c o l l a p s e .  This  w i l l  p r e sen t  a p a t h  f o r  p o s s i b l e  

seepage of r a d i o a c t i v i t y  t o  t h e  s u r f a c e .  But, Rapp (10) and Germain and 

Kahn (11) have i n d i c a t e d  t h a t  t h e  requirements  f o r  b u r i a l  depth t o  

prevent  dynamic ven t ing ,  f o r  even t s  above t e n  t o  t e n s  of k i l o t o n s ,  

r e s u l t  i n  a s u f f i c i e n t  dep th  of  chimney material t o  prevent seepage t o  

t h e  su r face .  

Germain and Kahn (11) concluded t h a t  t h e r e  is some concern f o r  seepage 

from low y i e l d  even t s  (less than 5 k t ) ,  but  t h e r e  i s  remarkable success  

f o r  h ighe r  y i e l d  even t s - - e spec ia l ly  when the  s c a l e d  depth of b u r i a l  is 

over  350 (SDOB = Depth i n  f t .  d iv ided  by t h e  cube r o o t  of  t h e  y i e l d  i n  k t ) .  

Assuming 1 M t  f o r  Cannikin. t h e  SDaB i s  600 (6,000/1,0001’3; whereas,  

f o r  5 M t  i t  i s  350. 

Prompt-Venting PhenomenoloRy: Rapp (10) p r e s e n t s  v e n t i n g  mechanisms i n  

terms of two c a t e g o r i e s :  (1) prompt-venting p r i o r  t o  chimney formation 

and (2) mechanisms which o p e r a t e  du r ing  and fol lowing chimney formation. 

The f i r s t  mechanism relates t o  t h e  mechanics o f  c r a t e r i n g  where t h e  

b u r i a l  depth is not  s u f f i c i e n t  f o r  the expanding c a v i t y  gases  t o  reach a 

p o i n t  of dynamic equ i l ib r ium wi th  t h e  con ta in ing  environment. This 

phenomenon, termed gas a c c e l e r a t i o n ,  has  %een desc r ibed  as t h e  process  

by which t h e  c a v i t y  grows asymmetrically toward t h e  s u r f a c e  (10). The 

second category re la tes  t o  e f f l u e n t  t r a n s f e r  a long paths  e x i s t i n g  through 

t h e  shock-deformed media (covered i n  previous s e c t i o n ) .  
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Bas ica l ly  Rapp's a n a l y s i s  of  prompt-venting, "gas a c c e l e r a t i o n , "  is 

summarized as fo l lows  (10): 

1. Containment w i l l  be achieved i f  t h e  r a r e f a c t i o n  o r  decompression 

wave does no t  r e t u r n  from the  s u r f a c e  t o  the  c a v i t y  p r i o r  t o  the  end 

of cavity growth. 

2 .  

t iming  (depth)  of r a r e f a c t i o n  wave and c a v i t y  growth t o  r e s u l t  i n  

ven t ing ,  it is p o s s i b l e  t o  d e f i n e  t h e  depth  corresponding t o  a 

g iven  y i e l d  and g e o l o g i c a l  environment below which no s i g n i f i c a n t  

gas  a c c e l e r a t i o n  phase of c a v i t y  growth occurs .  

Although i t  is not  p r e s e n t l y  p o s s i b l e  t o  d e f i n e  t h e  c r i t i c a l  

Thus, a l though t h i s  technique w i l l  no t  i n d i c a t e  a minimum b u r i a l  depth  

f o r  containment ,  i t  should i n d i c a t e  a depth below which containment is 

assu red  (10, 11). This  c r i t e r i o n  i n d i c a t e s  b u r i a l  depths  of 3300, 

4300, or 5600 f e e t ,  r e s p e c t i v e l y ,  f o r  a 1, 5 o r  10 M t  dev ice  i n  g r a n i t e .  

The b u r i a l  depths  f o r  o t h e r  media; such as, Lewis  Shale  and P ic tu red  

C l i f f s  Sandstone a r e  less. 

GROUND WATER TRANSPORT OF RADIOACTIVITY 

The AEC Environmental Statement  i n d i c a t e s  t h a t  t he  ground water flow- 

rates f o r  Amchitka a t  t h e  Cannikin depth  are very low and t h a t  t h e r e  is 

poor v e r t i c a l  communication between strata.  Also, t h e r e  is an  i n d i c a t i o n  

that t h e r e  i s  l i m i t e d  knowledge of t h e  a c t u a l  ground water flow rates. 

There are numerous r e p o r t s  and papers  a v a i l a b l e  on t r a n s p o r t  of r ad io -  

a c t i v i t y  by underground water, bu t  w e  f e e l  t h e  l a c k  of s p e c i f i c  in format ion  

a t a i l a b l e  t o  u s  f o r  t h i s  s p e c i f i c  event  environment does n o t  merit t h e i r  

u se  ( r e p o r t s  by I s o t o p e s ,  Inc . ,  USCS, LRL, Hazleton-Nuclear Sc ience  Corp., etc.) .  
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A rough approximation of ground water contaminat ion and t r a n s p o r t  can  

be obta ined  by assuming t h e  t r i t i u m  is d#.luted i n  water i n  t h e  c a v i t y  

and chimney and then  t h a t  t h i s  mass is  t r anspor t ed  through ground water 

flow (g ives  r e s u l t s  similar t o  use  of t h e  f r a c t u r e d  r a d i u s ) .  

s i g n i f i c a n t  q u a n t i t i e s  of  'OS, and 137Cs are  not t rapped  i n  t h e  m e l t  i n  

t h e  bottom of  the  cavitya, s o r p t i o n  or chemical r e a c t i o n s  are such t h a t  

they a r e  e s s e n t i a l l y  r e t a i n e d  i n  t.he v i c i n i t y  of t he  c a v i t y  (15, 16, 25). 

By use  o f , t h i s  method and assuming a 5 M t  event  and t r i t i u m  product ion  

of  10 c u r i e s  t he  i n i t i a l  concen t r a t ion  of  t r i t i u m  i n  t h e  chimney water 

is es t ima ted  t o  be t h r e e  o r d e r s  of magnitude above t h e  c o n c e n t r a t i o n  

guide  of 3 p C i / l  f o r  i n d i v i d u a l s  i n  t h e  gene ra l  popula t ion  (3). 

i ng  t h e  chimney f i l l e d  wi th  water in s t an taneous ly  ( t ime r e f e r e n c e  t o  the  

t r i t i u m  h a l f - l i f e )  and no f u r t h e r  d i l u t i o n  occurs ,  t h i s  r e q u i r e s  about  

140 years f o r  decay t o  t h e  concen t r a t ion  guide.  

Although 

8 

Assum- 

Assuming t h a t  t h e  s h o r t e s t  pa th  from t h e  Cannikin environment t o  t h e  

ocean is about  seven thousand feet ( the  sho re  l i n e  is n o t  a v e r t i c a l  

s h e l f  dawn t o  six thousand f ee t - - the  depth  of b u r i a l )  a t r a n s p o r t  rate 

of one-tenth f o o t  per  day would r e q u i r e  200 years f o r  t r a n s p o r t  t o  t h e  

ocean. 

20 yea r s .  

A t r a n s p o r t  rate of one f o o t  pe r  day-would only  take about  

aThe h a l f - l i v e s  of t h e i r  gaseous p recu r so r s  are such t h a t  a l a r g e  

f r a c t i o n  of t he  'OS, and 137Cs is formed a f t e r  most of t h e  cavity 

m l t  is formed (17). 
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The ocean c u r r e n t s  and t i d a l  a c t i o n  should r e s u l t  in several o r d e r s  

of magnitude of  d i l u t i o n  i n  a very  s h o r t  d i s t a n c e  from t h e  p o i n t  of 

d i f f u s i o n  o r  permeation of  any t r i t i a t e d  water i n t o  t h e  ocean. 

even i f  water should reach  t h e  ocean a t  levels above the  concen t r a t ion  

gu ides ,  no measurable b i o l o g i c a l  e f f e c t s  are expected. 

Thus, 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

Roger 0. Egeberg, M.D. 
As sis t an t Secretary for Health 

Department of Health, Education and Welfare 
and Scientific Affairs 

Dear Dr. Egeberg: 

Thank you for the Department of Health, Education and Welfare's 
comments of October 14, 1970 on AEC'S Draft Environmental Statement - 
CANNIKIN. We have since had an opportunity to revise the CANNIKIN 
Environmental Statement (Enclosure l), taking into account the 
comments of Federal and State agencies. For your information, I 
enclose copies of the final CANNIKIN Environmental Statement, of 
the comments received on the Draft Statement and of AEC'S response 
to the comments. 

We believe that HEW's analysis confirmed that of the AEC with respect 
to environmental effects and we appreciate that your analysis was 
necessarily made broader in scope than would have been the case if 
we were able to publish the anticipated yield. We have treated 
HEW's principal conclusions as follows, in the sequential order of 
the SWHRL Staff Report, page 2: 

(1) HEW's conclusion confirms that of the A E C .  

(2)  We agree on the desirability of appropriate referencing 
of important information sources to substantiate the 
conclusions of the environmental statement. We have 
included AEC'S "Physical and Biological Effects - MILROW 
Event" (NVO-79) (copy enclosed) which is also liberally 
references as the most appropriate reference to the 
CANNIKIN Environmental Statement. We believe that these 
references, plus those contained in HEW'S SWHRL Staff 
Report, considerably strengthen and support the con- 
clusions of the CANNIKIN Environmental Statement. 

( 3 )  Additional information has been added to pages 13 through 
17, and to page 24, in response to similar comments from 
both Department of HEN and of Interior. These additions 
summarize our predictions with respect to radioactivity 
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in the environment and describe the general features of 
the water and environmental monitoring programs. These 
monitoring programs were begun prior to MILROW and are to 
be continued well beyond the CANNIKIN test. We do not 
expect that the offsite radiological safety program could 
itself result in any significant environmental impact; 
therefore, we have only elaborated its general features 
in the CANNIKIN Environmental Statement. However, the 
radiological safety program will be similar to that of 
the MILROW exercise, modified by any unique CANNIKIN re- 
quirements, and it will assure ourselves and the public 
of detection and appropriate countermeasures if any 
unexpected release of radioactivity should occur. A s  
further information, we enclose copies of the "On-Island 
and Off-Island Radiological Safety," plan. 

As a general reference on AEC's Amchitka safety program 
management and on the organizations and their respective 
missions, we suggest TID-25180, "Underground Nuclear 
Testing" copies of which are enclosed for your informa- 
tion. 

(4) CANNIKIN program information pertinent to bioenvironmental 
considerations will continue to be published and made 
available to the Department of Health, Education and 
Welfare and to the public. The NVO-79 report, previously 
mentioned, is the most recent of the Amchitka bioenviron- 
mental summaries. 

Sincerely, 

John A. Erlewine, Assistant 
i.l General Manager for Operations 

Enc 1 Sures 
1. Final CANNIKIN Environmenfal Statement 
2. Draft Statement Comments, with AEC responses 
3.  Physical and Biological Effects - MILROW Event 
4 .  TID-25180 Underground Nuclear Testing 
5. Appendix C - On-Island and Off-Island Radiological Safety 



June 8 ,  I971 

Mr. Timothy iitkeson 
Council on Environments 
722 Jackson PLace., N.W. 
%ershington, C.C. 20006 

Dear Mr. Atkearon: 

Qua It t y 

Enclosed for your fifes and other act ion 88 appropriate, 
are ten copies of carPmente prepared by the National 
Ocean Survey, Nat iona l  Oceanic and Atwepheric A d n d n h -  
tr&tion, pertaining t o  the envlrormmtal -c t  statement 
ent i t l ed  'AEC - 0 -  Cmnikin eubmitted by the Atcamic Eneriy 
Corrpni s s i cm.  Referenced statement was refarred In draft t o  
t h i s  deportment last year a t  a timi when we were not y e t  
equipped t o  insure screening by all subtendent agency or 
the Department of Commerce. 
recently came into poaseesfon of a copy and becaure of i t a  
arefa of expertise, requeeted the opportunity t o  eminent, 
be la ted  though these comment8 might be, for inclurion tn 
the public record. 
dFscussed w i t h  you by the 
'nvlronmental Affa ira ,  and that you pranted your cm8ent: for 
t h i s  late suboa.fss~on. 

The National Ocean Survey only 

I believe this wetter walp recently 
Deputy Aaeristant Secretary for 

One copy of the Notional Ocean Survey commnts, together w i t h  
a copy of t h i s  memorandum is being addrermd to the  A a e t s t a n t  
rJ! rem tor for R:.tvula tion, A tamic Energy Cwtmtssim. 

Sincerely,  FBMahoney/SRGal ler : 3 p : 6 / 8 /  7 1 

Mr. Chrlstopher Id. €tenderson/ SRC/Sub. & Chron / 
cc : 

A s s ' t  Dir. for 
Sidney R. Caller R e p l a t L o g , A E C .  (1 COPY 
Ueputy Aasiatant Secrbtary 
for Environmental A f f a i r s  

H ttach . ) 
Env. Work. Gp. 
IJakelin 
W h i .  tc 

E m  lowre Brennan 
M. Butler 
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s u t w :  Environmental Impact 102 ( 2 )  ( C )  S ta tement  Entitled 
"AEC - Cannikin" 

Td. A s s i s t a n t  Admin i s t r a to r  f o r  Plans and P'rogrmls 
A t t e n t i o n :  AS5 

Recent a c t i v e  i n v e s t i g a t i o n s  of t h e  gco1og:lc s e i s m i c ,  
and tsunamigenic c h a r a c t e r  of tb.c A l e u t i a n s  w i t h  
p a r t i c u l a r  emphasis on t h e  Amc'r-itka I s l a n d  r e g i o n ,  
suppor t  t h e  anKic ipa ted  e f f e c t s  from t h e  underground 
n u c l e a r  exp los ion  CMNIKIN outlined in t h e  D r a f t  Envtron- 
mental  S ta tement .  

The Na t iona l  Ocean Survey ( N O S ) ,  w i t h  t h e  suppor t  of thc 
A t o m i c  Energy Commission (AEC) ,  has  been a p a r t i c u l a r l y  
a c t i v e  p a r t i c i p a n t  i n  t h e s e  i n v e s t i g a t i o n s .  For many y e a r s ,  
NOS has ope ra t ed  a network of seismic s t a t i o n s  i n  Alaskz 
and an Adalc I s l a n d  . i n  t h e  A l e u t i a n s  as p a r t  of the T s u r L m F  
Warning Program for the Ci rcum-Paci f ic  seismic beit. S i i ? C . e  
Xay 1969,  t1ri.s network has been a p a n d e d  t o  i n c l u d e  eicvc!? 
E d d i t i o n a l  r e l i a b l e  con t inuous ly  nonitoring s e i s m i c  s t a i - t o n s  ; 
eigh'c h igh- f requency  , high-gz1i.n seismographs on h\Ci-Li-tl<<i 2nd 
the neighbor ing  i s l a n d s  ; three broader-band i n s t r m l e n t s  at 
G r a n i t e  Mcuntain i n  Western A l a s k a  and on t h e  i s l a n d s  of 
Sheinya and Unirnak i n  t h e  A l e u t i s n s .  Within t h e  nex t  fcw 
weeks, six additional i n s t rumen t s  w i l l  be i n s t a l l e d  07. 
Anchitka f o r  a t o t a l  of e l e v e n  d e t e c t o r s  on the island 
pr3per7 n i n e  o f  which will be  w i t h i n  15  lcm o f  Cannikin 
ground-zero.  

2asic d a t a  d e r i v e d  from t h i s  network are r o u t i n e l y  c c l l e c r c l ,  
rcduccd t o  a c c u r a t e  estimates of event  hypocenters  and 
z!sgni tudes,  and surmarized i n  a monthly b u l l e t i n  f o r  tb.e 
'3ix--cfiL; of t h e  ent i re  s c i e n t i f i c  community. These d a t a  
'nave been i n s t r u m e n t a l  i n  e s t a b l i s h i n g  a more p r e c i s e  
clef L n i t i o n  of thc seismic: zone i.n t h e  immediate v i c i n i t y  
of Amchitlia I s l a n d .  Shallow ear thquakes  arc found t o  
occur sou th  of the t r e n c h  axis and a long  a d i f f u s e ,  S C i I t l y  
d ipp ing  zone ex tending  from t h e  south slope of the r i d g c  
t o  a p o i n t  jus t  n o r t h  of  t h e  r i d g e  crest. The s p a t i a l  
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c i s t r i b u t i o n  of  these sha l iow sl-mcks a l s o  appea r s  t o  bc 
st -ongly c o r r e l a t e d  w i t h  s t r u c t u r a i  f e a c u r e s  having 
a - p m s s i o n  i n  t h e  batnymetry of the r i d g e .  Deeper  e a r t h -  
quakes are found t o  occur  a long  a s t e e p l y  d ipp ing  se i s ia ic  
zone extending northward from tile r i d g e  c r e s t  t o  depths  
5n excess  of 200 l t i lorneters j u s t  beyond t h c  vo lcan ic  a x .  
Earthquakes less than 2 0  kilome-cers i n  f o c a l  d2pth bcn ra th  
Amchi tka I s l a n d  p r o p e r  a - 2  fcv i n  number and v c r y  smaLl 
s - a ~ g c s  Ling that t h i s  r eg ion  may dct indcpcndcnt ly  02 rhc 
major  se i smic  zone bc iow.  

l'hcsc results have important  cansequences t o  future test- 
iilg on Anchi-tlia LLnd thc i n t ~ r p s e t ~ ~ t i o n s  o f  s e i s a i c  e f . 2 ~ ~  L s  
fi-om t h e  LONGSI-IOT and MILROW exp los ions .  No aftershocks 
wme dk tec t cd  at t c l e s e i s m i c  distix.fices from e i t h e r  LONGSLd'I' 
o r  MILROW. C l o s e - i n  seismic monitor ing f o r  MILROW, howevei-, 
c t i d  i--evcal a very l o w  l e v e l  (<magSnituclc 3 . 0 )  of  shaliow- 
focus a f t e r s h o c k  g e n e r a t i o n  w i t h i n  a zone n o t  more than  khi-ee 
miles i r i  radius fro21 groxnd-zero -chat terminzted abruptly, 
W T E ~  t h e  c a v i t y  c o l l a p s e ,  37 ho;rs a f t e r  d e t o n a t i o n .  ?'he 
: ; ? Z - k i z i l  d i s t r l b u t i o n  and railiztto;-+ pattern of  t h e  n ? G r Z  
2:cc-wately l o c a t e d  afrcrshocks sugges t  t h a t  they are related 
~ - 3  l ~ c a l  g e o l o g i c a l  readjust i r ients .  It i s  n ig 'n ly  r e l e v i z L t  

L ~ . , c L - - G A  fr. s i z e  and number than thz- t  Incbccd Sy similzr  
cxr,iosLorLs i n  Nevada, such as 5ENtl;LY. These results, 
g ~ o l 3 g i . c  ev idence ,  2p-U t h e  very- l o i d  l c v c l  o f  r . a tura l  se~-sx?ic  
s c c i v i t y  i n  t h e  immediate v i c i n i t y  of t h c  i s l a n d  a l l  poLnt- 
EO L Lower l c v c l  of ar3bicnt t e c t o z i c  stress i n  the u p p ~  
r - ~ - . x t  beneath Amchitlca. S i i x e  explosion-induced af tcr-sl-.c!e'lis 
:-re hcii-eved t o  be re1atc.d t o  t h e  ambient t e c t o n i c  s ~ r c s s ,  
~ r z  srr1~?11, of s h o r t  d u r a t i o n ,  i?.iiC: occur  i n  t h c  immediate 
v i c i r , i . t y  of t h e  exp los ion ,  they arz  not be l i eved  t o  c o n s t i t u t e  
;; 'I;azard t o  t h e  ma jo r  f a ~ l i s  zone under  Amchitka Island. 

_ _  Gi-.k'c t h i s  a c t l v i t y  w a s  a t  i eas t  t w o  o r d e r s  of magniccde 
- 7 1 ,. .~ 

. . .. 
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Ir, commenting on t h e  extremely 
i n t e r a c t i o n  between de tona t ion  

small 
and 

s p e c i f i c  r e fe rence  should be macle t o  

l i ke l ihood  r 'or 
major earthquakc, 

observed daza Cram 
previous de tona t ions  i n  Nevada, South P a c i f i c ,  and t h e  
Aleut ians .  To sup7ort  many of the s ta tements  and cor.- 
c lu s ions  i n  seismology aiid tsunamis,  referral  docurneF.ts 
should be c i ted beeausc much of t h e  background data a r z  
no t  r e a d i l y  a v a i l a b l e  t o  reviewers or i n t e r e s t e d  p n r t i c s .  
The environmental s ta tement  should be more d e f i n i t i v e  
about t h e  expected magnitude OC Cannilcin. S l i g h t l y  above 
6 . 5  i s  not  adequate for r e v i e w e r s  t o  appra i se  t h e  magnitude 
range f o r  a f te rshocks  and the p o t e n t i a l  for tsunami 
generat ion.  

Gordon G .  Lill 
Deputy Director 
National Ocean Survey 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

D r .  Sidney R. Galler 
Deputy A s s i s t a n t  Sec re t a ry  

Department of Commerce 
Washington, D. C. 20230 

f o r  Environmental A f f a i r s  

Dear D r .  Galler: 

We have rece ived  a copy of your June 8 le t te r  t o  M r .  Timothy 
Atkeson, Council  on Environmental Qua l i ty ,  which enclosed 
cop ie s  of t h e  comments of t h e  Nat iona l  Ocean Survey. 
included i n  t h e  f i n a l  s ta tement  a b ib l iography of r e f e r r a l  
documents. Thank you f o r  t h e  support  of our conclusions.  

We have 

Enclosed are copies  of A E C ' s  f i n a l  Cannikin Environmental 
Statement a long wi th  t h e  comments rece ived  on t h e  d r a f t  
s ta tement  and A E C ' s  response t o  t h e  c m e n t s .  

S incere ly ,  

John A. Erlewine 
A s  s i  s t a n  t Genera 1 Manager 

f o r  Operat ions 

Enclosure:  
Cannikin Statement 



OFFICE OF THE ASSISTANT SECRtrARY OF DEFENSE 
WASHINGTON. D. C. 20301 

HEALTH AND 
ENVIRONMENT 

9 1 JUL 1970 

M r .  John A. Erlewine 
Ass i s t an t  General  Manager f o r  Operations 
Atomic Energy Commission 
Washington, D. C .  20545 

Dear M r .  Erlewine: 

A review has been made of t h e  environmental  s ta tement  on t h e  
CANNIKUV Test as requested by your l e t t e r  of 17 June 1970. 

The Department of Defense cons iders  t h a t  t h e  s ta tement  adequately 
t r e a t s  a l l  environmental  a spec t s  of t h e  proposed t e s t .  We a r e  i n  
agreement wi th  t h e  Atomic E n e r a  Commission's assessment of hazards 
dea l ing  wi th  l o c a l  ground e f f e c t s ,  t r i g g e r i n g  of ear thquakes,  and 
genera t ion  of tsunamis.  

. 

The fol lowing s p e c i f i c  comments a r e  provided: 

1. Page 2, paragraph 4. S u b s t i t u t e  f o r  ". . .provide extremely 
p o s i t i v e  assurance. .  . I' t h e  phrase " i n d i c a t e  t h a t  it i s  h ighly  u n l i k e l y .  'I 

2. Page A-1, paragraph 2. While t h e  f i rs t  sentence  i n  t h i s  
paragraph i s  c o r r e c t ,  t h e  second sentence i s  n o t  i f  r e l a t e d  t o  t h e  f i rs t ,  
o r  concerned wi th  damage t o  animals i n  t h e  proximity of  t h e  s h o t .  A t  
l a r g e  ranges o r  t e l e s e i s m i c  d i s t a n c e s  t h e  explosion w i l l  produce shocks 
l i k e  those  f r o m  an earthquake w i t h  little probable e f f e c t  on animals. 
A t  close ranges t h e  shocks w i l l  have a c c e l e r a t i o n s  and displacements  
which could break l e g s .  
animals near ground zero at sho t  t ime.  

p o s i t i v e  assurance . . . ' I  t h e  phrase " i n d i c a t e  t h a t  it is  h ighly  u n l i k e l y . "  

It i s  noted t h a t  t h e r e  w i l l  probably be no 

3. Page A-4, paragraph 5. S u b s t i t u t e  f o r  ". . .provide extremely 

4. Page A-6, paragraph 1. It is suggested t h a t  t h e  remainder of  t h e  
paragraph fol lowing,  "ewthqultkes," i n  l i n e  4 be d e l e t e d .  This  i s  
considered extraneous m u t e r i u l  and does not  c o n t r i b u t e  t o  t h e  s ta tement .  

5. Page A-9, paragraph 2, l i n e  10. S t r i k e  remainder of paragraph 
a f t e r  The remaining sentences add nothing f a c t u a l .  



It seems c l e a r  t h a t  Amchitka is ,  on balance, t h e  b e s t  a v a i l a b l e  s i t e  
f o r  conduct of t h e  t e s t  and t h a t  t h e  a l t e r n a t i v e  of no t  t e s t i n g  is 
unacceptable on importqat grounds of n a t i o n a l  s e c u r i t y .  

ou i s  M .  Rousselot,  M.D., F.A.C.S. 
Deputy Assis t a t  Secretary 

Q 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

Muis M. Rousselot, M.D. 
Deputy Assistant Director 
Office of Assistant Secretary of Defense 
Department of Defense 

Dear Dr. Rousselot: 

Thank you for your comments of July 21, 1970, on M C ' s  Draft Environ- 
mental Statement - CANNIKIN. We have accommodated your comments 1, 
2, and 3 in our Final CANNIKIN Environmental Statement. 

We have not made the deletions suggested in your comments numbered 
4 and 5. While the spreading sea floor model does not, of course, 
provide quantitative seismic data specific to Amchitka, or permit 
prediction of seismic effects, nevertheless it does, in the opinion 
of other seismologists, constitute a rational explanation of the 
general seismicity in the Aleutians, is consistent with the existence 
of ancient marine terraces in the Western Aleutians which exhibit 
little evidence of tilting (as contrasted from those in the Eastern 
Aleutians) and it leads t o  conclusions with respect to the low tsunami 
probabilities in the Western Aleutians that are consistent with expe- 
rience. For your information we are enclosing copies of the CANNIKIN 
Environmental Statement, the comments that we received on the draft 
statement and AEC'S  response to the comments. 

We are pleased to have received the De4artment of Defense comments. 

Sincerely, 
/.-7 

'// John A. Erlewine, Assistant 
i General Manager for Operations 

Enclosures: 
A s  stated i 
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Ju ly  28, 1970 

M r .  John A. Erlewine 
Assis tant  General Manager 

A t o m i c  Energy Commission 
Washington, D. C. 20545 

f o r  Operations 

Dear M r .  Erlewine: 

With reference t o  your l e t t e r  of June 1 7 ,  1970, 
t ransmi t t ing  the  AEC d r a f t  environmental statement on 
t h e  CANNIKIN t e s t  scheduled f o r  the  f a l l  of 1971, t h i s  
Department has reviewed the  statement and has  but  one 
comment t o  submit r e l a t i n g  t o  the  environmental impact  
of the  proposed t e s t .  
i n  the  overseas press  and foreign governmental f o r a  on 
p ro jec t  Milrow, w e  bel ieve i t  would be i n  our  own in-  
t e r e s t s  t o  give f u r t h e r  discussion on the  environmental 
statement t o  what a r e  the  p r o b a b i l i t i e s  and na ture  of 
any effects  f r o m  the test  being f e l t  i n  o the r  count r ies  - 
p a r t i c u l a r l y  Canada, Japan and Russia. 

Recal l ing t h e  c r i t i c i s m s  made 

Other aspects  of the  t e s t ,  p a r t i c u l a r l y  those re- 
l a t i n g  t o  foreign pol icy,  w i l l  be discussed i n  the  
National Securi ty  Counci l ' s  Under Sec re t a r i e s '  Committee. 

S incere  ly , -1 

W i l l i a m  C .  Salmon 
Acting Director  
Off ice  of Environmental Af fa i r s  



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

Mr. William C. Salmon 
Acting Director 
Of €ice of Environmental Affairs 
U. S. Department of State 
Washington, D. C. 20520 

Dear Mr. Salmon: 

Responding to your comments of July 28,, 1970 on the Atomic Energy 
Commission's Draft Environmental Statement - CANNIKIN, this is to 
advise you of several actions we have taken to further confirm the 
probabilities and nature of CANNIKIN effects on the environment. 

First, we have updated past test experience from both the Nevada 
Test Site and Amchitka, with particular emphasis on the MILROW test, 
as indicators of the nature and probable magnitude of environmental 
effects from CANNIKIN. Secondly, we have carefully reviewed all of 
the comments received on our draft statement and have reevaluated 
and revised our final statement accordingly to clarify and answer 
additional environmental questions appropriate to this statement, 
and to reconfirm the quantitative predictions that we expect from 
the CANNIKIN test. Thirdly, we have continued development of our 
public information programs for both the foreign and domestic public. 
Although the public information program is outside the scope of the 
environmental statement, it is important to note publicly that such 
information plans have been actively developed in parallel with the 
test program and with the environmental statement. It is further 
noteworthy that the CANNIKIN Environmental Statement and the comments 
received on the draft.statement are being made available to the 
public in advance of the CANNlKIN test, pursuant to the requirements 
of the National Environmental Policy Act. 

As part of our international information program, we expect also to 
provide copies of the CANNIKIN Environmental Statement to all foreign 
governments on request, and to provide additional environmental 
information and briefings to those foreign government officials who 
have particularly important interests in the CANNIKIN test. For 
further details on both foreign and domestic information plans on 
CANNIKIN, please refer to the Interagency CANNIKIN Task Force - 
International Relations and Public Affairs Subcomnittee on which 
Mr. H. C. Handyside, is the State Department representative. 



M r .  William C. Salmon -2- 

In answer t o  your ques t ion  on the p r o b a b i l i t y  and na tu re  of any 
CANNIKIN e f f e c t s  which might be f e l t  i n  o t h e r  c o u n t r i e s ,  i t  may be 
u s e f u l  t o  summarize h e r e  our  conclusions on such e f f e c t s  as seismic 
and ground motion, tsunamis and r a d i o a c t i v e  r e l e a s e .  You w i l l  no t e  
t h a t  a peak ground motion equ iva len t  t o  an earthquake of R ich te r  
magnitude s l i g h t l y  below 7.0 w i l l  be f e l t  a t  t h e  Amchitka s i t e ,  and 
t h a t  v i b r a t i o n a l  waves w i l l  be d e t e c t a b l e  with seismometers anywhere 
on e a r t h ;  however, ground motion w i l l  not be p e r c e p t i b l e  t o  persons 
a t  any population c e n t e r s  f a r t h e r  away than the m i l i t a r y  bases a t  
Shemya and Adak, about 200 mi l e s  d i s t a n t .  Following the i n i t i a l  
explosion and consequent c r e a t i o n  of  an underground c a v i t y ,  rock 
f a l l s  i n t o  the c a v i t y  w i l l  produce a d d i t i o n a l  ground s i g n a l s  which 
w i l l  be s m a l l ,  w i l l  be centered about the detonat ion po in t ,  and w i l l  
only be n o t i c e a b l e  t o  persons l o c a l l y  o r  with very s e n s i t i v e  seismometers 
elsewhere. Aftershocks,  which have the  c h a r a c t e r i s t i c s  of  small  e a r t h -  
quakes with s e p a r a t e  hypocenters and which can reasonably be a t t r i b u t e d  
t o  the underground explosion,  a r e  expected t o  occur f o r  s e v e r a l  days 
following C A N N I K I N ,  a re  expected t o  be c l u s t e r e d  f a i r l y  c l o s e  t o  the  
explosion s i t e  (10-25 m i l e s ) ,  and are expected t o  be s u b s t a n t i a l l y  
smaller  i n  magnitude than the t e s t  i t s e l f  ( i . e . ,  i n  t he  range of  
1/100 t o  1/10).  

Damage t o  bu i ld ing  s t r u c t u r e s  due t o  d i r e c t  ground motion, c a v i t y  
c o l l a p s e  o r  rock f a l l s  and t o  a f t e r shocks ,  w i l l  be minor and confined 
e n t i r e l y  t o  t e s t - r e l a t e d  o r  r e l i c  s t r u c t u r e s  on t h e  I s l and  of  Amchitka 
i t s e l f .  These p r e d i c t i o n s  o f  ground motion and seismic e f f e c t s  a r e  
based on searching a n a l y s i s  of t he  s i t e  and the planned t e s t ,  wi th  
f requent  r e fe rence  t o  p a s t  t e s t  experience both a t  Amchitka and a t  
our  Nevada Test  S i t e .  

A s  f o r  tsunamis, we conclude t h a t  the Western Aleut ians  have not pro- 
duced damaging tsunamis i n  the  p a s t  and t h a t  the r e l a t i v e l y  small s ea  
f l o o r  displacement and the l o c a l  ground motion i n  connection with 
CANNIKIN w i l l  not be s u f f i c i e n t  t o  induce s i g n i f i c a n t  water  waves o r  
tsunamis. Our conclusions with r e s p e c t  t o  tsunamis a r e  supported by 
experience.  U .  S .  Coast and Geodetic Survey records show t h a t  t h e r e  
have been four  n a t u r a l  earthquakes of  more than magnitude 7 . 7  w i t h i n  
150 miles  of Amchitka s i n c e  1900, and t h a t  t he re  i s  an average of 2 
o r  more earthquakes of magnitude 6.0 o r  g r e a t e r  each yea r ,  y e t  none 
of t hese  have generated a s e r i o u s  tsunami. A s  a second, and less 
important cons ide ra t ion ,  a tsunami caused by an undersea l a n d s l i d e  
(small tsunamis have r e s u l t e d  from such subterranean l a n d s l i d e s  e l s e -  
where) i s  n o t  considered a t h r e a t  a t  Amchitka s i n c e  a c o u s t i c  p r o f i l i n g  
i n  t h a t  region has  no t  revealed any l a r g e  d e p o s i t s  o f  sedimentary 
m a t e r i a l  which would be r e q u i s i t e  f o r  such a pos tu l a t ion .  The MILROW 

.. . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . .  ..... ................ . . . . . . .  
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Tes t ,  which was about 6 . 5  Richter magnitude, d i d  not produce any wave 
motion d i f f e r e n t  from normal, al though the  in s t rumen ta t ion  was capable 
of  measuring waves of less than one inch. 

The p r o b a b i l i t y  of CANNIKIN t r i g g e r i n g  a damaging earthquake - defined 
a s  an earthquake equal t o  o r  l a r g e r  i n  seismic magnitude than the  event  
i t s e l f  - has been s tudied c a r e f u l l y  by the AEC and i t s  l a b o r a t o r i e s  and 
consu l t an t s  and by s c i e n t i s t s  who a r e  independent of  t h e  AEC, and we 
have concluded t h a t  an explosion w i l l  no t  t r i g g e r  a l a r g e  earthquake 
un le s s  i t  i s  detonated on o r  nea r  a f a u l t  on which an earthquake o f  

geologic and seismic f e a t u r e s  of t h e  Amchitka s i t e ,  we conclude t h a t  
such t r i g g e r i n g  i s  very un l ike ly .  It i s  very d i f f i c u l t  t o  v i s u a l i z e  
how C A N N I K I N  could uniquely l ead  t o  sudden and unexpected r e l e a s e  of  
t e c t o n i c  energy t h a t  would not otherwise have happened. Since n a t u r a l  
earthquakes of  magnitude 7 o r  g r e a t e r  occur once every f i v e  t o  ten yea r s ,  
and s i n c e  earthquakes of magnitude 6 and g r e a t e r  a r e  occur r ing  about 
two times annual ly  i n  the Amchitka a r e a ,  i t  appears t h a t  any p o t e n t i a l  
f o r  earthquake t r i g g e r i n g  i s  f a i r l y  we l l  exp lo i t ed  through n a t u r a l  even t s  
whether CANNIKIN i s  f i r e d  or not .  The p o s s i b i l i t y  of t r i g g e r i n g  was a l s o  
s tud ied  i n  d e t a i l  before  t h e  MILROW event i n  1969, which produced a 
Richter  magnitude of  about 6.5; y e t ,  and I a m  su re  you w i l l  no t e  from 
the environmental s ta tement ,  MILROW d id  not measurably a l t e r  e i t h e r  the 
magnitude o r  frequency of earthquakes i n  the  Amchitka region. 

- t h a t  magnitude i s  imminent. Considering the C A N N I K I N  event  and the 

With r e s p e c t  t o  the p o s s i b i l i t y  of release of r a d i o a c t i v i t y  t o  the 
environment, the AEC and i t s  c o n t r a c t o r s  have c a r e f u l l y  designed the 
emplacement and analysed the containment conse rva t ive ly  and have 
coordinated with o t h e r  government agencies  t o  conclude t h a t  t h e  pos- 
s i b i l i t y  of  prompt vent ing i s  very remote. Fu r the r ,  any t r i t i u m  
r a d i o a c t i v i t y  t h a t  might be t r anspor t ed  and r e l e a s e d  l a t e r  through 
ground water w i l l  most probably be discharged t o  the ocean on the 
o r d e r  of  1000 yea r s  hence and a t  a r a d i o a c t i v e  l e v e l  wel l  below t h e  
present  background i n  the Bering Sea. Other r ad ionuc l ides  w i l l  be 
contained o r  entrapped i n  the  s u b s t r a t a  near  t h e  detonat ion po in t  
where the e f f e c t s  w i l l  be n i l  and r a d i o a c t i v e  decay w i l l  s t e a d i l y  
reduce the l e v e l s  t o  i n s i g n i f i c a n c e  without  a f f e c t i n g  the su r face  
environment . 
You may wish t o  r e f e r  t o  the  above summaries and t o  the enclosed 
C A N N I K I N  Environmental Statement which includes the  comments received 

/ \  
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on the draft statement and AEC's response to the comments, in your 
liaison with foreign governments on CANNIKIN.  

Sincerely, 

' John A. Erlewine, Assistant 
/ General Manager for Operations 

i Enclosqres: 
1. CANNIKIN Environmental Statement 
2 .  Comments Received on the Draft Statement 
3. A E C ' s  Response to the Comments 



OFFICE OF THE SECRETARY OF TRANSPORTATION 
WASHINGTON, D.C. 20590 

July 2 2 ,  1970 
ASSISTANT SECRETARY 

Mr, John A .  Erlewine 
Assistant General Manager 

Atomic Energy Commission 
Washington, D.C. 20545 

for Operations 

Dear Mr. Erlewine: 

This is in response to your letter of June 17, 1970 to Mr. Legate 
of this Department. 

The Coast Guard has pointed out that there is a petroleum storage 
area near Constantine Harbor, approximately 9 1 / 2  miles from the 
proposed test site. While the potential impact of the nuclear test 
on this storage area may have been adequately considered, the draft 
statement does not discuss that consideration in specific terms. 
In view of the possibility of pollution resulting from any disturbance 
of the storage area, it would appear to be desirable to include in the 
statement specific comments concerning the potential impact, including 
the exact products in storage, the type of storage facilities, and 
the prediction of any effect caused by the proposed test. 

Thank you for this opportunity to comment. 

Sincerely, 

J. D. Braman 
Assistant Secretary for 

Environment and Urban Systems 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20545 

Mr. J. D. Braman 
Assistant Secretary for 

Department of Transportation 
Washington, D. C. 20590 

Environment and Urban Systems 

Dear Mr. Braman: 

Thank you for your comments of July 2 2 ,  1970 on 
AEC'S Draft Environmental Statement - CANNIKIN. 
We have noted your concern with the petroleum 
storage area at Constantine Harbor and we are 
exercising both design and operating precautions 
to protect against loss from the storage tanks 
during the CANNIKIN test, as noted in the 
construction activities section of the enclosed 
CANNIKIN Environmental Statement. 

Thank you for your assistance. 

S i ncp / / r e 1 y , 

: John A. Erlewine 

for Operations 
Assistant General Manager 

/i 
Enclosure : 
CANNIKIN Environmental Statement 
wjComments Received on Draft 
Statement and AEC Response to 
Comments 



JOHN A. B U R N S  
O O V C ~ N O ~  

EXECUTIVE CHAMBERS 

H O N O L U L U  

July 14, 1970 

Dear Mr. Hollingsworth: 

Thank you for your letter of June 17, 1970 requesting our 
comments to a draft of an environmental statement on the proposed 
CANNIKIN test to be conducted in 1971 at Amchitka Island, Alaska. 
We have studied the draft of the proposed statement and find it to 
be complete and comprehensive in the scope of the environmental 
factors which may be involved during this test. 

We are vitally interested and we would appreciate your 
sending us any further information the Atomic Energy Commission 
may provide state and local officials regarding AEC activities and 
plans. 

With warm personal regards. May the Almighty be with you 
and yours always. 

Sincerely, 

Mr. R. E. Hollingsworth 
General Manager 
U. S. Atomic Energy Commission 
Washington, D.C . 20545 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

Honorable John A. Burns 
Governor of Hawaii 
Honolulu, Hawaii 

Dear Governor Burns: 

Thank you for your letter of July 14, 1970 commenting on the 
Atomic Energy Commission's Draft Environmental Statement - 
CANNIKIN. Since that time we have revised the statement taking 
into account the comments. 

For your information, enclosed are copies of the CANNIKIN En- 
vironmental Statement, the comments received on the draft and 
AEC's response to the comments. 

Thank you for your assistance. 

Sincerely, 
/, 

/John A. Erlewine, 
General Manager / 

As si s tan t 
for Operations 

Enclosure: 
A8 stated 
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