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PREFACE 

This report summarizes information submitted by all investigators 
participating in the Amchitka Bioenvironmentai Program, pri- - 
marily during the period up to 2 months following the Cannikin - 

detonation. Since technical reviewa and editing have required 
considerable time, some additional information obtained more 
recently has been incorporated to enhance the value of the report. 
The contributions of all program personnel a r e  gratefully 
acknowledged. 



FORE WORD 

P r o j e c t  Cannikin,  the underground nuc lear  t e s t  conducted in  the fall  of 1971, at 
Amchitka ~ s i a n d ,  Alaska ,  was originally expected to  take p lace  in  Sep t ember  or  e a r ly  
October ,  1971. Many of the p r e t e s t  background da ta  we re  collected when i t  was believed 
the or ig ina l  plan could be adhe red  to. However ,  the tes t  was unavoidably delayed until  
November ,  a delay that  had some 'd i sappoin t ing  consequences  fo r  the succes s  of the field 
s tudies  designed to  identify and document  the p r o m p t  bioenvironmental  effects of the 
detonation. 

November  6, 1971, the day on which the t e s t  was conducted, was preceded by 
s e v e r a l  days of bad weather  that hampered  la te  p r e t e s t  data  collection, observa t ions ,  
and prepara t ions  for  t es t t ime  expe r imen t s .  O n  November  5 ,  when the prepara t ions  for  
l ive-box exper iments  with se lec ted  t e s t  an imals  were  to  have been completed, Amchitka 
was swept  by a violent s t o r m  that produced hu r r i cane - fo rce  winds,  ra in ,  and fog. P r e -  
cipitation totalled 0 . 4 7  inch, and wind gus t s  exceeded 80 knots (over  90 mph), Wind 
damage  was extensive.  While the wea ther  had improved somewhat  by the next day,  with 
c lear ing  sk ies  and i nc r ea sed  visibil i ty,  the s t o r m  o n  the day before  the t e s t  forced the 
abandonment  of a l l  planned expe r imen t s  with captive f i s h  i n  l ive  boxes i n  the m a r i n e  
environment .  The s t o r m  a l s o  i n t e r f e r ed  to  a Lesser extent  with the live-box exper iments  
in  f r e shwa te r  l akes  and s t r e a m s .  Also ,  because  the shallow Lakes on Amchitka a t e  
subject  to s t i r r i n g  and mixing of bottom sed iments  by wind, the e f fec t s  of Cannikin on 
turbidity,  and suspended and  d i sso lved  o rgan i c  ma t t e r  i n  the lakes  we re  difficult t o  
dis t inguish f r o m  the e f fec t s  of the November  5 s t o r m  winds. In te rmi t ten t  bad wea ther ,  
with poor  visibil i ty,  heavy s e a s ,  and mode ra t e ly  s t rong  winds continuing after the 
Cannikin detonation, s e r i ous ly  hampered  e f fo r t s  of field p a r t i e s  documenting the bioen- 
v i ronmenta l  effects  of the test .  

The  delay of Cannikin until  November  mean t  that s o m e  o i  the  p r e t e s t  data  collected 
in  ant ic ipat ion of the e a r l i e r  even t  da te  were  l e s s  usefu l  for compar i son  with post-  
Cannikin data .  In view of this ,  and because  of the unfavorable weather  tha t  p reva i led  
before ,  dur ing,  and a f te r  the tes t ,  the p r e s e n t  r e p o r t  cannot give a s  p r e c i s e  and weli- 
documented a n  a s s e s s m e n t  of the p r o m p t  bioenvironmental  consequences  of Cannikin a s  
i t s  au tho r s  and con t r i bu to r s  would l ike  to  have submit ted.  Despite these  adve r s i t i e s ,  a 
l a rge  amount  of usefu l  informat ion was col lected,  ce r ta in ly  enough t o  enable  an eval-  
uation of the e a r l y  bioenvironmental  effects  of Cannikin. C e r t a i n  effects ,  s u c h  a s  those 
re la ted  to  changes in  su r f ace  d r a inage ,  cannot  be fully a s s e s s e d  yet ,  and a r e  the sub jec t  
of continuing 'study. 

All  of the pr inc ipa l  invest igators  involved in  the ~ a n n i k i n  phase  of the Arnchitka 
Bioenvironmental  P r o g r a m  (Appendix F) submit ted input da ta  and. ana ly se s  fo r  t h i s  D+2 
months r epo r t .  These  contr ibut ions  va r i ed  considerably in  fo rma t ,  in amount  df factual  
de t a i l  provided, and in  the deg ree  of extrapolat ion made  f r o m  the da t a  p resen ted .  The 
compi l e r s  of this r e p o r t  have under taken  the task  of integrating the r e p o r t s  f r o m  the 
v a r i o u s  cont r ibd tors  into a s ingle ,  unified r e p o r t  of Cannikin bioenvironmental  effects .  
T o  the be s t  of the i r  abil i ty,  they have presen ted  the significant data  and observa t ions  
provided by all inves t iga tors .  They have,  however,  exe rc i s ed  the i r  judgment in 
de te rmin ing  the extent  to  which the da t a  justify extrapolat ion regard ing  the l ong - t e rm  
effects  of the Cannikin t e s t  on Amchitka ecosys t ems ,  In gene ra l ,  they have followed a 
policy of caution, avoiding speculat ive judgments and projections.  F o r  adopting this 
policy,  they accep t  full  responsibi l i ty .  

J. B. K/R. G. F. 
Columbus,  Ohio  
June, 1972 
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ABSTRACT 

Cmtnikin, m w l d s l g ~ u n d  nucknr  t e s t  o f  Zess thrm 5 megatas, 
was f imd on flovsnber 6 ,  1971, a t  h c h i t k a  I e l m d ,  A k k a .  I%- md 
postevent studies wre conducted by a nmber of investigators t o  as8sa8 
the e f f e c t s  of Cmvlikin on the h c h i t k a  ecosystems. ?his report gives 
the pm2iminary evaluation of those e f f e c t s ,  barred on rmatysis of data 
coltected &ring the f i r a t  2 months a f t e r  the t e s t ,  supplmsntsd i n  a - 
few ine tmces  by more curmnt i n f o n u t i o n .  

I n d i v i i h l s  of several species o f  m a r i n e  m m a l s ,  wnterfml,  and 
marine md freshwater f i s h  t a p e  k i l l ed  by the tast, but no &a2 
population on or am& tb Ialmtd gas jeopardized. The total  nwnbers 
k i l l ed  crm only be estimated, and ths reliabitii ty of  the estimation 
i s  generally lm became s t o n y  weather around t e s t  time w e r e d  
obsemation mtd recovery o f  casuatties,  especiatly i n  the marine 
environment. 

W n g  posttest beach searchss, 18 dead sea o t ters ,  3 injured 
sea o t t e r s ,  2 abmrdasd sea o t t e r  pups, mtd 4 dead harbo~ seats wsre 
found. This vely pmbab2y reprssents only a f r a c t i a  of the to ta l  
nmber of asa o t ters  rmd seats k i l k d ,  but data for r s t i a b k  e s t i -  
niations o f  to ta l  2088ea QXW not avdZable. 

Individuals m p m s m t i n g  a t  least  5 8pedes  of  m d n a  f ish 
were k i l l ed ,  and about 300 s p c i m e m  were remvemd. Most o f  these 
were mck greent ing  f o d  on an in ter t idat  bench q t i f t e d  as a reault 
of grolmd motion f i a n  C m i k i n .  Judging b y  canprrrison of  pre- und 
postevent bot tm- tmwt  catch data, investigators estimated that  thou- 
smd8 of rock soZe, rm offehom b o t t m  f ish,  w r e  probably ki l led.  

In tsr t idat  commitis8 of algae, inver teb~atee ,  and fish are 
being af fected a l a g  a 2 - h  section o f  the BePing Sea coast, where 
t& in ter t idat  bench was pemrmently upti f ted by as much a s  1.1 m i n  
saneplaoes. The ex tsnt  of the b i o e n u i m e n t a t  e f f e c t s  a t t r ibut -  
able to th is  ~ E i f t  cmmot be &tenmined uithout fuPthsr inves t i -  
gation. 

Several hundred Dolly V h n  m d  about 10,000 threespins 
stickireback were k i l l ed  i n  freshwater lakes near Cmvlikin surface 
sem.  About 70 percent of these f i s h  were 7iitZed when  the lakes 
they inhabi*d were dmined by t i l t i n g ,  or  through fissures that 
opsnsd i n  the lake bo t tms .  



Fighteen dead b i rds ,  representing 7 species o f  w a t e r f m t ,  mre 
r e o v e r e d  post-Cannikin. The t o t a l  n m b e r  o f  Krds k i l l e d  cmrnot t e  
precise ly  est imated; canparison o f  population c m t s  made b e f o ~ e  ond 
s f t e r  C m n i k i n  shcced no s f g n i f i c n t  decl iqe  i n  dens i t y  o f  any species 
; f birds .  

IJo'&ad baZd eagles o r  peregrine fatcgns were found, b u t  s i r  
s q l e  n e s t i n g  sites and three p e r e g r h e  e y r i e s  were destroyed ?r 
dmaged. ?Uo gf the  e y r i e s  uere mong lz group of  three located f a i r l y  
?lose together and used by a s ing le  nes t ing pair. 1% e f f e c t  o f  the 
Loss o f  2 o u t  o f  3 a l t e r n a t i v e  n e s t  s i t e s  on the nest ing behmior  o f  
t h i s  pair  w i l t  no t  be k n w n  wttil the 1372 nes t ing season. The t h i r d  
e y r i e ,  dmaged by Milrow, sks tained fur ther  danage f m  Cmtnikin. 

The e f f e c t s  o f  Cannikin on gemorphic  features Gere considerably 
greater  than had been pmdio ted .  CoastaE roakfaZEs and t u r f  s l i d e s  
n tire Berinz Sea coast  adjacent t o  Cannikin sere  ex tens ive .  A 
minimm o f  acme 25,000 - I ~  of rock and turf uere dislodged along the  
Bering Sea coast ,  a l a v e  f w t i o n  o f  i t  along a 2-kn sec t ion  o f  
c o a s t l i w .  ,Yuch smulZer m o u n t s  o f  rock md t u r f  we= disZo&ed along 
the  Paoi f io  Uoem coast .  Intmrd, 6 small. lakea near C m n i k i n  surface 
zero LWTB c m p t e t e t y  drained and 10 wers p n r t i a l l y  drained. ?leu 
takes nre forming i n  t h e  s ink  fomed  when the C m i k i n - c a v i t y  
col lapse  reached the  s w f a c e .  S m e  ponding i 8  a l s o  o c d n g  along - 
streams &ere t u r f  s l i d e s  or bcmk caving b e d  t h e  s t r e m  flow. - 

Stream flow i n  the h e r  region o f  the  stream draining the  Cmnik in  
s i t e  has been grea t ly  reduced; mff f m  the uppep portion o f  the 
d r d n u g e  i s  n m  being in tercep ted  by the  col lapse  s ink .  

BACKGROUND 

Amchitka Island, Alaaka, waa the s i t e  of a n  underground nuclear  t e i t ,  Pro jec t  
Long Shot,  conducted in October ,  1965, by the U. S. Department  of Defense with the 
Atomic Energy Commis aion's (AEC) ass is tance .  The bioenvironmenlal effects of that 
' t es t  a r e  descr ibed  by Seymour and Nakatani (1967). 

Since the fal l  of L967, a f te r  Amchitka was again selected a s  a potential s i te  fo r  
underground nuclear testing, Bat te l leTs  Columbus Labora tor ies  (BCL) has  coordinated 
and conducted r e s e a r c h  on the mar ine ,  f reshwater ,  and t e r r e s t r i a l  ecosys tems of 
Arnchitka (F igure  1). These  investigations a r e  designed to predict,  evaluate; :and docu- 
ment  the effects on the biota and environment f r o m  nuclear tes t s ,  to recommend 
m e a s u r e s  for.minimizing adve r se  e f f ec t s ,  and to predic t  and evaluate the potential 
hazards  t o  m* that might r e s u l t  f r o m  the accidental r e l e a s e  of radionuclides to the 
environment  and the i r  subsequent t r a n s p o r t  to humans v ia  mar ine  food chains. The 
studies a r e  being conducted by BCL, BCL's  subcontractors  and consultants,  and other 
cont rac tors  of the U. S. Atomic Energy Commission 's  Nevada Operat ions Office 
(AEC-NVOO). All  studies a r e  sponsored by AEC-NVOO a s  p a r t  o f  i t s  supplemental 
nuclear - tes t - s i te  program.  A l i s t  of all r epor t s  emanating f r o m  these  studies to date 
is given i n  Appendix E. 
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By 1969 i t  had been tentatively concluded that nuclear devices of high yield (1  mega- 
ton o r  higher)  could be detonated safely underground a t  Amchitka, but experimental  veri- 
fication of this conclusion was considered desirable.  By the fal l  of 1969, preparat ions 
were  completed fo r  the detonation of a "calibration" nuclear  test ,  P r o j e c t  Milrow, with 
a design yield of about 1 megaton. Preevent  predictions were  that a n  underground 
detonation of that magnitude, c a r r i e d  out during the autumn, would have only slight and 
t ransient  effects on Amchitka 's  ecosys tems.  Among the objectives of Milrow was to 
test  the reliabili ty of these predictions, and to provide basel ine information f r o m  which 
the effects of a somewhat  higher yield shot  a t  this s i te  could be predicted. 

Extensive observations, exper iments ,  and measurements  were c a r r i e d  out in 
conjunction with Milrow. Late  pre-and ea r ly  post test  visual surveys ,  sample collections, 
and photography were  used to identify and document effects of the cal ibrat ion bhot on the 
t e r r a i n  and the biota. Sea o t te rs ,  f i sh ,  and mar ine  invertebrates  were held in pens or 
live boxes a t  various dis tances f r o m  SZ* to determine their responae to ground shock 
and the associated p r e s s u r e  puises  in the f reshwater  and mar ine  environments; these 
shock f o r c e s  and water--pressure pulses  were a l so  recorded a t  a number of stqlions, 
some of which were located near  the pens and boxes in which animals  were heid. 

Milrow was detonated a t  12:Ob p.m.  Bering Daylight T i m e ,  October  2,  1969. The 
ground- shock and water -pressure  pulses  generated by Milrow were  reported by Mer r i t t  
{ 197 l ) ,  and the ea r ly  bioenvironrnental effects detected within the f i r s t  few weekeTol- 
lowing the test  were  repor ted  by Kirkwood (1970) and Mer r i t t  11970). The effects noted 
were  

A few f i s h  in the nea r shore  mar ine  environment may have been injured 
o r  ki l led,  hut  no dead f i s h  were  recovered  in postevent s ea rches .  

Rock and so i l  s l ides  that occur red  in a few coastal a r e a s  near  SZ 
smothered  some animals  and plants in the intertidal and subtidal zones. 

Two f reshwater  lakes near  SZ were partially drained; these lakes were 
not of major  importance for f i sh  o r  a s  bird-nesting a reas .  

One f reshwater  l ake  about  3 . 5  k m  f r o m  S Z  suffered a dec rease  in 
zooplankton. 

Numerous threespine s t icklebacks were  killed i n  two sma l l  lakes  
near  SZ. Th i s  f i s h  is a n  important  link in the food chain of Dolly 
Varden and some b i rd  spec ies .  (Natural  reproduction of sticklebacks 
occurred  in these  lakes  during the season following Milrow, and 
populations a r e  expected to r e tu rn  to normal  in 1-3 y e a r s . )  . . 
Approximately 2900 and 7600 rn? of rock  and pea t  ma te r i a l s  fel l  along 
the P ~ c i f i c  Ocean and Ber ing  Sea  coas ts ,  respectively. (This dis- 
turbance of the coas ta l  cliff habitat did not appreciably affect the 
nesting of bald eagles ,  peregr ine  falcons,  or other cliff- nesting 
b i rds  in subsequent seasons .  ) 

' Surface zero: the poim on rhe land surface at the top of the device-emplacemenr hole. 



As predicted,  the immediate effects  of Milrow on the bioenvironment were slight. 
Almost  a l l  of the animals  held in live boxes survived the detonation, and data were  
collected on the ground- shock f o r c e s  and p r e s s u r e  pulses to which these test  animals  

'-1 
had been expqsed. Subsequent investigations have largely confirmed the ea r ly  conclubions 
regarding the effects  of Milrow, but one additional bioenvironmental disturbance was '' 
l a te r  detected. In April ,  1970,  beach reconnaissance during a period of daytime low'  
t ides disclosed evidence of a recent  uplift of -12 c m  in a section of the intertidal rock 
bench, about 1400-m f rom Milrow S Z ,  on the Pacif ic  Ocean shore .  This vert ical  dis- 
placement  i s  thought t o  have been due to LMilrow [on the bas i s  of indirect evidence). The 
shift ,  although slight in the ver t ica l  dimension, produced detectable changes in the 
spec ies  composition of algal and invertebrate  communities over an est imated severa l  
thousand square  m e t e r s  of inter t idal  bench. These changes a r e  s t i l l  under investigation. 
The inter t idal  a r e a  affected is a very small  portion of the total amount of intertidal- 
bench habitat along the Isiand. 

PREDIGTLONS O F  CANNIKIN BIOENVIRONblENTAL EFFECTS 

Following Milrow, plans were  initiated for a la rger -  yield underground n u c l e a i  
t e s t  on Amchitka. This test ,  Cannikin, was tentatively scheduled fo r  the fall of 1971, 
a t  a s i t e  about 8 km NW of the Milrow s i te .  The Cannikin device was designed for a 
yield of l e s s  than 5 megatons ( A E C  Environmental Statement,  Cannikin, 197 1). The 
exact  design yield is c lassif ied information and cannot be repor ted  here. The focus of 
the  Amchitka bioenvironmental s tudies  was shifted to the locale of the proposed Cannikin 
tes t ,  and background data  on which to base  effects predictions, and document the eco- 
logical effects of Cannikin, were  collected and analyzed. 

Predic t ions  of the probable effects  of Cannikin on Amchitka ecosys tems were 
repor ted  i n  a n  Environmental  Statement  (AEC, 1971). These  predictions were  updated, 
o n  the bas is  of contributions f r o m  a l l  invest igators  participating i n  the Amchitka Bio- 
environmental  P r o g r a m ,  andpresen ted  by Kirkwood dnd Ful le r  1197 1 ); s summary  of the 
updated predictions is given in the a b s t r a c t  of that repor t .  

"The effects of Cannikin on the environment and biota 
i n  the t e r r e s t r i a l ,  f reshwater ,  and mar ine  ecosys tems of 
Arnchitka a r e  predicted to be of somewhat grea ter  magnitude 
than the effects of Milrow. However, no plant o r  an imal  
population is expected to be  endangered. These predictions 
a r e  gased  on the assumption that the Cannikin detonation will 
occur in  the autumn, and that predictions of ground shock and 
underwater  p r e s s u r e  changes supplied by AEC-NVOO a r e  
essent ial ly co r rec t .  



Cannikin is expected to a f f ec t  t e r r e s t r i a l  habitats 
over a l a r g e r  a r e a  than Milrow did; small  rock  fal ls  and turf  
s l ides  a r e  predicted along seve ra l  miles  of coastline. How- 
e b e r ,  the total amount of ma te r i a l  involved i s  not considered 
likely to be of ecological consequence, since no single la rge  
fal ls  a r e  predicted. 

Bald eagle nesting s i t e s  and peregrine falcon ey r i e s  
occupied in 197 1 a r e  not likely to be destroyed, although one 
o r  two eagle nesting s i t e s  and one falcon nesting s i te  may be 
rendered  unusable. Population densi t ies ,  dis tr ibut ions,  and 
reproductive potentials of these spec ies  a r e  not expected to 
be significantly affected. Other  avian populations should not 
be threatened. 

Some fraction of the f ish in f reshwater  s t r e a m s  and 
lakes near  Cannikin sur face  zero  may be killed, but otherwise 
e f fec ts  in the i reshwater  ecosys tem will be minor.  

Combining the relevant  es t imates  yields a prediction 
that perhaps 20 to 240 s e a  o t t e r s  might be exposed to over-  
p r e s s u r e s  seve re  enough to rupture  their e a r d r u m s  and ukti- 

- - 
mately r e su l t  In the i r  death, but p a s t  observations on the 
effects of harves t  and t ransplant  removals  f rom the populations 
suggest  a loss  of this  magnitude would have no long-range 
e f f ec t  on population. Populations of other mar ine  mammals  
(S te l le r ' s  s e a  lions and harbor sea l s )  will a l s o  be  unaffected. 

F i s h  populations in the m a r i n e  environment wi l l  not 
be endangered,  although sizable numbers of individuals of 
Pac i f ic  cod and some rockf ish  spec ies  may be killed if the 
'wors t  credible '  predictions prove cor rec t .  Small  inter t idal  
bench a r e a s  may be d is rupted ,  but success ion  and recolonisation 
will be  expected to r e s t o r e  the biota of such a r e a s ,  and effects 
on food webs in the m a r i n e  environment will be minimal .  No 
a d v e r s e  effects  of ecological consequence a r e  expected in the 
m a r i n e  ecosy stern around Amchitka. " 

Information furnished by AEC-NVOO indicated that the Cannikin test  was designed 
fo r  complete containment of radioactivity underground (U. S. Atomic Energy Commission, 

1971). I t  was therefore anticipated that the bioenvironmental effects of Cannikjn would 
be confined to those associated with ground motion and p r e s s u r e  pulses  in water .  



EARLY BIOENVIRONMENTAL EFFECTS O F  CANNIKIN 

Cannikin was detonated at 11 :00 a. m. Bering Standard Time, November 5, 197 1, 
about a month later than had been anticipated previously. This report gives the results, 
through January 6,  1972, of the Cannikin-related biaenvironmental studies and analyses 
designed to identify and evaluate the immediate effects of Cannikin on Arnchitka eco- 
systems. Pretest  baseline data were collected in terres t r ia l ,  freshwater, and marine 
ecosystems in the vicinity of Cannikin SZ.  Live-box .testtime experiments were readied 
for the test .  Comparable bioenvironmental data were collected posttest, and fishes 
exposed in the testtime experiments we re examined. Ground-motion and underwater 
pressure pulses were recorded at a number of stations by Sandia Laboratories (Appen- 
dix A )  to provide data for interpreting effects observed on experimental animals and on 
free-living biotic populations. Terrain features within the area expected to be affected 
by the Cannikin detonation were photographed before and after the test, using Iarge- 
format photography and various film types (Appendix D). 

This report contains data collected and interpretations made by the many investi- 
gators who participated in the Amchitka Bioenvironmental Program [Appendix F), as  
compiled by the authors. 

The emphasis of this report is focused on effects observed o r  measured during 
the early postevent period, but the potential Long-term significance of these effects is 
discussed where practicable. In some instances, however, such a projection pould 
necessarily be so speculative as  to be unjustified. Posttest studies a r e  contin&ing_in 
order to document and quantify any long-term effects of Cannikin on the 1s land's eco- 
systems; results of these studies will be covered in subsequent reports. 

This report addresses only the question of effects attributable to the detonation of 
the Cannikin device. Bioenvironmental disturbances resulting from construction, site 
preparation, drilling, and related AEC activities on Amchitka are beyond the ecope of 
the report, and will be dealt with as  appropriate in other reports. (An example of such 
nonnuclear disturbance can be seen in Plate 1, am aerial photograph of Cannikin SZ 
taken before the detonation. Some 11 hectares ( 2 8  acres )  of tundra vegetation have 
been destroyed at the dri l l  site proper; this does not include access roads, cable runs, 
e tc . ,  which also appear in the photo*. ) 

This D t 2  months report differs from the Project Cannikin M30 Day Report (U. S. 
Atomic Energy Commis aion, 1972) in a few particulars because it includes additional 
data and analyses that have become available since that report was released. 

+. 
Marine Ecosystems 

 re-~aknikin predictions were that detonation-generated ground-motion and pres- 
sure pulses in the ocean might kill o r  injure substantial numbers of marine mammals 
and fish in waters around Amchitka. A major portion of the Cannikin test-related stud- 
ies was therefore focused on documenting effects of the test in the marine environment. 
Thefollowing activities provided information for assessing prompt effects of Cannikin 
on marine mammals and other marine biota, and on nearshore physical features of the 
marine environment: 

-.4Iea measured on BCL vertical ?hotography. 



Late pretest (D-2 and D-1") searches for dead animals were conducted 
on all beaches within about 7 km of SZ. 

Starting late in the afternoon of D-day (as soon as reentry parties could 
rPach the area!, and continuing fo r  several days thereafter, the Bering 
Sea and Pacific Ocean beaches adjacent to Cannikin SZ were searched for 
dead o r  injured animals; whenever possible, such animals were recovered 
by the searchers and brought to the biological laboratories for examination. 

During the beach searches obvious physicat changes in the coastal a rea  
affecting marine biota were also noted. The searches were conducted 
by personnel representing the Alaska Department of Fish and Game 
(ADF&GI, the AEC-NVOO Office of Effects Evaluation, B C L ,  the 
U. S. Department of the Interior's Fish and Wildlife Service IFWS), 
the U. S. Department of Commerce's National Marine Fisheries 
Service (NMFSI,  the University of Arizona (UAzl, the University of 
Washington's Fisheries Research Institute (FRI), and the University 
of Washington's Laboratory of  Radiation Ecology (LRE) .  (Numerous 
helicopter overflights were also made dong the coast during the early 
posttest period to assist  in the search for and recovery of any dead or 
injured marine animals in this area .  ) 

- - 
Late pretest and early posttest visual counts of sea  otters in the Bering 
Sea and Pacific Ocean adjacent to Cannikin S Z  were made from a heli- 
copter by personnel of BCL and FWS. 

Postevent visual counts of sea otters along the adjacent Bering Sea 
coaat were also made by a UAz investigator from shore observation 
stations. ADF&C personnel also counted sea otters from a helicopter 
along the Bering Sea coast adjacent to Cannikin S Z  on M I L  through DtL3. 

Autopsies of mammals, birds, and fish collected immediately after 
Cannikin were made by a veterinarian f rom the Arctic Health Research 
Center, U. S. Public Health Service IAHRC). One otter collected on 
Dt 16 was autopsied by a UAz biologist. 

P re -  and posttest sampling of offshore marine fish populations with 
bottom and midwater trawls and salmon longline was carried out f rom 
the M/V Commander by FRI. 

P r e -  and posttest fish populations in nearshore waters were sampled 
with trammel nets by FRI. P r e -  and posttest visual observations were 
also made by FRI biologists along marked transects established in .' 
the intertidal-bench area of the Bering Sea coast. Subtidal bottom 

. transects were sampled pre- and postevent by biologistldivers of 
NMF5 to ascertain the effect of the tes t  on green sea urchin * - 
(Strdhgylocentrotus polyacanthus) populations (sea urchins a r e  one 
item in the sea  otter diet). 

- d a y .  the day when the device %as deronared: D-1,  oae day hefore rhe dsr'ice was detonated; D t l ,  one day after the 
device was deronared. 



Physical changes on the beach and in the nearshore waters (rock and 
tundra falls, turbidity near shore,  etc. were recorded on aerial photo- 
graphs by BCL and were observed by FRI biologists and othera. NMFS 
dlvers, searching for evidence of physical disturbance on the sea bottom, 
made a brief reconnaissance in two shallow subtidal areas in the Bering 
Sea off Cannikin S Z .  Changes in the elevation of the intertidal bench 
were measured at a few locations by Holmes & Narver, Inc. ,  surveyors, 
although completion of the surveys will not be possible until daytime low 
tides occur in spring 1972.  

Marine Mammals 

Marine mammal investigations at Amchitka were carried out by personnel of 
UAz, ADFkG, BCL, and FWS; many other bioenvironmental program personnel also 
assisted in testtime searches and observations. The objectives of the Cannikin-related 
marine mammal studies were: !I I to determine changes in Amchitka marine mammal 
populations attributable to Cannikin; ( 2 )  to locate and recover marine mammals injured 
or killed by the test;  and (3  to determine the cause of injury or death for animals 
recovered. Marine mammal studies were directed primarily, but not exclusively, to 
effects on the sea otter (Enhydra lutris). - 

Before Cannikin it was predicted that perhaps 2 0  to 2 4 0  sea otters might be killed 
or  fatally injured by underwater pressure pulses from the shot (Kirkwood and Fuller, 
1971). For reasons given in that report, it was postulated that ottera experiencing-. 
underwater overpressures of 100 psi* o r  more might be fatally injured. Isobars enclos- 
ing the areas  where such overpressures were expected, at the ocean floor, were plotted 
for the Bering Sea and Pacific Ocean waters off Cannikin SZ** (Figure Z) ,  and these 
areas were taken into account in planning sea  otter studies, and in predicting potential 
otter casualties. The wide range in number of casualties predicted indicates that many 
factors involved in the prediction were not precisely known: e.  g. , the abaolute number 
of otters within the postulated a rea  of hazard; their daily behavioral patterns of diving, 
resting, hauling out, etc.; and the influence of weather, sea  state, and season on 
behavior. 

P r e  -Cannikin atudies included visual counta f rom shore stations and from heli- 
copter overflights. Beach transects were surveyed monthly during the year prior to 
Cannikin to determine the pattern of natural mortality of sea otters and other marine 
mammals .  Figure 2 shows the preevent transects.  Post-Cannikin investigations 
involved counts from shore and helicopter, beach searches, and autopsies of dead or 
wounded animals recovered. Figure 3 shows the beaches surveyed intensively post - 
Cannikin. The areas  searched post-Cannikin do not coincide exactly with the p ~ e -  
Cannikin beach transects because of shottime weather conditions. The strong north- 
westerly winds that prevailed after Cannikin (Appendix B)  caused animals affected by 
the shot t o  dr i f t  southeastward; thus, searches were focused in that direction. The dis- 

x .  
tribution of the anlmals found, as  shown in Figure 3 (particularly on the Pacific Ocean 
coast), demonstrates the effect of the winds on the distribution of casualties: 

Ynrrmmentr "led are marked far psi: merric equivalent 6.89 x 1 6 ~  ~ / r n ~  
'!.I. L. hterrirr, personal cammunication. 1970. 



FIGURE 2. BEACH TRANSECTS SEARCHED PRE-CANNIKIN TO 
ESTABLISH NATURAL MORTALITY OF SEA OTTERS 
AT AMCHIT KA 

. a  I:< 

.-:.I 
The results of the pre-Cannikin beach surveys and the pout-Cannikin searches a r e  :-; 

combined in Figure 4. The post-Cannikin searches were more intenaive, and the a reas  
searched were greater than those covered during other months of the year. However, +j 

I . .  . 
Figure 4 shows that a relatively large number of sea otter mortalities occurred at a :,!, 
time when natural mortality in the area was probably at a low level; the autopsies per-  
formed on animals recovered, discussed below, support the conclusion that most of the ;'.:: 
animals found dead or injured shortly after the test were in fact casualties of Cannikin. 12 

C . 
Table 1 lists the dead o r  fatally injured sea otters, and abandoned otter pups, 

found during the post-Cannikin beach searches. Cause of death is  given whee possible. - 
Autopsies ahow that 8 of the 13 autopsied were killed by pressure effects in water, 
2 were crushed by rock falls, and 3 were killed by vertical acceleration (upthrust o f the  
ground). O+er otters recovered were so badly deteriorated, either through putrefac - i 

tion or scavgnging, that autopsies could not be made to determine cause of death. : .. 

However, skulls of the sea otter skeletons found on Dt20 showed fractures of the orbital 
part of the frontal bone, believed t o  be evidence of pressure pulse damage, so  it was 
assumed that these animals were killed by pressure effects from Cannikin. , -. 

Animals killed by pressure pulse exhibited bleeding from the mouth and nose, and , .  , 

, :. sometimes from the ears .  The lungs and associated tissues were severely :.I .- 



TABL-E 1. SUMiMARY OF OBSERVATIONS O N  2 3  SEA OTTERS BELIEVED 
TO HAVE BEEN AFFECTED BY CANNIKIN 

Date 
Retrieved Locaticn 
or Seen Pacific Baing Cord itioo Sex:Weight, kg Comrnenrs 

D-Day x ~njmed(~)  Female: 19. O Fatally iniured by presjure pulle in water 

Dtl x ~ead( ' )  Female: 21.3 KilIed by venicai accele~atlon forcer 

D.2 x ~ e a d ( a )  Female: 11.3 KUIed by p~essure pulse in water 

0 +'2 x Deadca) Female: 13.0 Dill0 

D -2 x ~ead( ' )  Male: 17.2 

D+Z x ~ e a d [ ~ )  FemaIe: 21,s Killed by vertical scceleratlon forces 

D +2 x Dead('] Female: -18.1 Killed by preisure pulre in warer 

D+3 x ~ead( ' )  Female: 20. db) Crushed by rocktall on beach 

D +3 x Deadla) Female: 18.6 Ditto - 
D+3 x CJead(') Female: 20. db> Killed by pIelsure pulse [n valer 

D+3 x -- : -17.2 Killed by vetticai acceleration icrces 

D=3 x Dead(a) Female: 2 2 . d b )  KUled by presswe pulse in ware1 

D+'3 x ~ead( ' )  - - Carcass deteriorated; autopsy m t  feasible 

D+4 x Deadta) -- Caughr on offshore rock$ 

0.4 x Injured -- Crippld:  nor recove~ed 

0 4  x Abandoned - - Pup; na recoveled 

D-4 x Iniured -- CrippIed; not recovered 

x Abandoned -- 
x ~ e s d ( ~ )  - - 

Dt20 x Dead -- 

D+20 x Dead - - 
x Dead -- 

x Dead - - 

P u p ; r e c w e r d  bur released 

Killed by pnrrwe pulse in water: recovered 
by b n o m  ZrawI -2.5 km offshore 

Skeleton on1y:skull showed evidence of 
pressure pullc damage 

Dirro 

ORly pan  of skeleron found: cause oldearh 
not knoyn 

Skeleroo only: c a w  of dea th  ;or known 

- - 
Total i 6  : s 7 

(a) Auropry perfo~med. 
(b) Lacrar'mg. 



hemorrhagic, sometimes with rupture of the lungs. Severe hemorrhage had also 
occurred .along the vertebral column and within the spinal canal. Superfi cia1 hemor - 
rhage was usually seen on the brain. The internal parts of the ears  suffered varying 
degrees of-damage. The larger a i r  paasages in the 1.ungs typically contained inspired 
stomach contents as  well as  blood. The abdominal viscera were little affected. 

FIGURE 3. BEACHES SEARCHED POST-CANNIKIN AND LOCATIONS OF 
DEAD MARINE MAMMALS RECOVERED AND ANIMALS 
INJURED OR ABANDONED (PUPS) 

Sea otters killed by vertical acceleration showed thoracic and abdominal effects 
of trauma, and one animal had brokenribs  and fractures of the skull. Of the two sea 
otters crushed by falling rocks, one had a crushed head, while the posterior part of the 
body of the other had been crushed, causing rupture of the abdominal viscera and 
severe hemorrhage in the muscles of the r ea r  legs. 

In summary, 23 sea  otters were recovered or observed that could have been killed 
by Cannikin, 10 of which were killed by pressure pulses, 2 by rockfalls, and 3 by 
vertical acceleration. Four died of causes that may have been related to Capnlkin but 
this could not be determined with certainty, and 4 injured o r  abandoned animkls prob- 
ably died due to i nd~rec t  causes related to Cannikln. 

While is is assumed that the otter casualties reported in the foregoing discussion 
represent a fraction of the total number of otters killed by Cannik i ,  it is  not realistic 
to guess what that fraction i s .  The assumption that not all dead and injured animals 
were accounted for by the post-Cannikin searches is based mainly on the following 
considerations: 



(1) During the early post-Cannikin period, 
wind direction and force were such that 
most animals killed on the Bering Sea 
side of the Island may have drifted away 
from shore and hence could not have been 
sighted or recovered, particularly under 
the unfavorable weather conditions. 

= E ( 2 )  It haa been suggested by the UAz biologist 
i studying sea otter behavior that a t  Least 

i some animals killed by pressure pulses 
I ' while diving may not have resurfaced, 

! because of changes in relative buoyancy 
caused by the pressure effects.  Such casu- 
alties of course would not have been found 
in the beach searches. Some support for  
this hypotheais is  given by the €act that one 

FIGURE 4. NUhlBERS OF SEA OTTERS € O W  DEAD dead otter was recovered in a bottom trawl 
OR I N J V R ~  ON A ~ ~ C H T K A  BEACHES. at a depth of 30 fathoms in the Bering Sea 
1970 -1971 on D t l b ;  autopsy by the UAz biologist indi- 
'IncId+s one deld mter recovered ifi cated death waa due to  pressure effects. 
bottom trawl - 2.5 km oilshore in Bering - 
Sea, ard two abadooed pup.  (3 )  The two animals crushed by fallen rocks 

were found only because the carcasses were 
partially exposed; others may have been completely buried and hence nai seen. 

(4) Comparison of pre-  and post-Camikin observations and counts of sea 
otters along the coasts adjacent to Cannikin SZ suggests a sizeable popula- 
tion reduction in close-in areas  in the early postshot period. 

Viewing conditions s hortly before and after D-day were unfavorable for censusing 
s e a  otters,  but some counts were made. Many variables confound the results of these 
counts, and their usefulness as  a basin for  quantitatively assessing the sea otter losses 
due to Cannikin i s  clearly limited. 

Post-Camikin sea otter counts were made by the UAz biologist, assisted by 
ADFSrC biologists; from selected cliffaide viewing points along a section of Bering Sea 
coast extending from Cyril Cove to Sea Otter Point, on D+13 to D+15. Because of 
unfavorable weather conditions, no late pre -Camifin counts were made in the same 
area by the same technique, ao no strict ly comparablepretest data a r e  available for 
comparison with the post-Cannikin counta . However, the UAz investigator reports 
that his observations made immediately post-Cannikin indicate that there were obviously 
fewer animals along the Bering Sea coast, between Crown Reefer Point and Sea Otter 
Point, than there were preevent. His observations along the Pacific coast indicated 

, . 
no large localized population reductions, but losses did occur in the Pacific, since 
16 of the 23 c h a l t i e a  listed in Table I were found on the Pacific Ocean coast. 

BCL and FWS observers made a se r ies  of pre- and post-Cannikin aea otter counts 
along the Bering Sea and Pacific Ocean coasts during helicopteroverflights from 
D-16 through D-3 (16 counta) and from D-day through Df15 (7 counts). Since viewing 
conditions were generally unfavorable, the counts can be considered to reflect only 
relative abundance, rather than anything like a complete census. The areas  covered 
in these counts were from Crown Reefer Point to  Chitka Point on the Bering Sea coast, 
and from Rifle Range Point to -1. 6 Ion north of Mex Island on the Pacific (Figure 1 ). 



The average numbers of sea otters counted during the post -Cannikin helicopter 
surveys were about half as large as  the numbers counted before Cannikin.': The obser - 
ve r s  believe that the counts show evidence of a real decline in sea  otter population on 
both coasts adjacent to Cannikin SZ after the test .  The size of the decline cannot be 
reliably ectimated, in te rms  of absolute numbers of animals, from these counts. 

On January 12, 1972, AEC-NVOO convened an  Advisory Panel to review AEC 
activities relating to sea otters and, on the basis of this review, to recbmmend to 
AEC-NVOO the future scope of sea otter research activities at Amchitka Island. Mem- 
bers of the Panel were: 

Leo K. Bustad 
Director 
Radiobiology Laboratory 
University of California 
Davis, California 

Douglas C. Chapman 
Dean 
College of Fisherielr 
University of Washington 
Seattle, Washington 

Karl W. Kenyon 
Wildlife Biologist 
Bureau of Sport Fiaheries and 

Wildlife 
Seattle, Washington 

Charles M. Loveless 
Assistant Director-Research 
Bureau of Sport Fisherles and Wildlife 
Washington, D. C. 

Vincent Schultz 
Professor of Zoology 
Wamhington State University 
Pullman, Washington 

Clayton S. White - - 
Director 
Lovelace Foundation 
Albuquerque , New Mexico 

The investigators involved in the Canniki-related sea otter studies presented 
their data, and their judgment8 regarding the impact of Cannikin on the Amchitka sea 
otter population. Stressing the many factors that make preciae aasensment of the 
impact impossible, the Panel concluded: "Baaed on data presented to us, it is  impos- 
sible to estimate reliably the number of sea  otters killed by Cannikin. It is  suggested 
that the data collected next aummer may reflect the general magnitude of the loss". 

While available data a r e  inadequate for a precise quantitative assessment of sea 
otter losses due to Cannikin, participants m the rnarlne mammal studies agree that 
these lofises wrll have no long-term adverse affects on the Amchitka Island sea otter 
population. There was no clear evidence of habitat damage that would reduce carryrng 
capacity of the area,  and the population is  expected to return to normal levels through 
natural reproductron. 

The two other marine mammals commonly occurring in the nearshore habitat 
around the Island a re  Stel ler ' s -sea  lions (Eumetopias jubata) and harbor seals (Phoca 
vitulina). dead sea liona were found after Cannikin, and there is  no e v i d e n c x  
the Island popu1,ation of these animals was affected. Four dead harbor seals were 
recovered after the test ,  two on the Pacific coast and two on the Bering Sea shore. 
Autopsies showed that these four seals were killed by pressure pulses in the water. 

*Pscenr (May-lune. 1972) shore surveys along the Bering Sea corn off Camikin in2 counted less than half as many orren a! 
h.ere counted in rhe same sector inlune. 1971. 



All had severely hemorrhagic lungs and both lungs had ruptured in one animal. All 
showed some degree of damage to ears  and eyes, and pressure had forced the eyes 
inward enough to bilaterally shatter the orbital bone. 

The seal population of Amchitka has not been monitored closely, but its' distribu- 
tion appears to vary considerably from natural causes. There is no evidence that this 
population was adversely affected by Cannikin, although a few animals were killed. 

Other Marine Biota 

To investigate the eeffects of the Cannikin test in the marine waters adjacent to 
Cannikin SZ,  FRI investigators planned to (1) extrapolate from the reports of the Long 
Shot and Milrow tests and from literature sources, to predict both the lethal pressure 
thresholds for important marine fishes and the seawater pressure regimea that might 
be expected from the C a ~ i k i n  shock wave, (2) design and conduct testtime experiments' 
to determine the effect of the detonation on representative fishes, ( 3 )  observe and record 
any fish kills attributable to Cannikin, (4)  determine the mechanisms of any damage 
experienced by marine fiah f rom the test, ( 5 )  compare pre- and postevent fish catches 
in both nearshore and offshore waters, and ( 6 )  study the short-  and long-term effects 
of intertidal displacement and subtidal bottom disruption. NMFS investigators collected 
data on the pre-  and postevent population denaities and size distributions of sea itrchins 
in selected areas  in the Bering Sea and Pacific Ocean off Cannikin SZ. 

Studies and experiments for Cannikin were planned by FRI with con side ratio^ for 
baseline data collected prior to the test, experience gained from the .Milrow test, and 
predictions of possible Cannikin effects on the marine environment. Because of adverse 
weather conditions immediately before the test ,  important experiments with captive 
marine fish in live boxes could not be carried out; hence the evaluation of Cannikin 
effects on the marine ecosystem is limited. Observations of sea urchin populations 
were successfully completed by NMFS investigatora; preevent data were collected 
September 2 to 5, 1971, and postevent counts were made on November 11 to 16, 1971. 

Although high winda and accompanying heavy seas on D- 1 inade it impractical to 
carry out the planned marine live box experiments and related water-preasure mea- 
surements, one "string" of .two live boxes was se t  in Constantine Harbor in water 
18 m (1'0 fm) deep, approximately 7. 5 hr  before thedetonation. One waa l'ocated near 
the bottom at  16 m (9 fm), and the other at 2 m (1 fm). The lower box contained 6 rock 
greenling (Hexagrammos lagocephalus ), 4 Pacific cod (Gadus rnacrocephalus), 
3 Pacific halibut (Hippoglosaus stenolepis), 2 red Irish lord (Hemilepidotus - 
hernilepldotus ), and one each of rock sole {Lepldopsetta bilineatal, great sculpin, - 
(Myoxocephalus polyacanthocephalus), and dusky rockflsh (Sebastes ciliatus). The 
upper box contained 10  rock greenling and 6 Pacific cod. 

The boxes were retrieved at about H t 3  and the fish were examined for evidence 
of test-relatedcinjury. Only one fish, a Pacific cod 67  crn long, from the upper box, 
exhibited any abnormality. This  fish had a "bubble" in its right eye and appeared to 
have some difficulty in maintaining equilibrium. The fact that no such symptoms were 
shown by any of the other fish suggests that this one may have been affected by handling, 
probably during the setting o r  retrieval operations. N o  pressure-measurement gauges 
were exposed with the Constantine Harbor Iive boxes, so no data a r e  available regard- 
ing the pressure changes to which the fish were exposed. The test  does indicate that 
fish of the species included in the live boxes, in shallow water at distances of -1 5 km 
o r  more from SZ were not adversely affected by Cannikin. 



Star t ing at  approxrmately H t 4 ,  biologis ts  w e r e  ab le  to  survey  sec t ions  of B~~~~~ 
Sea  and Pac i f ic  Ocean beaches  n e a r  Cannikin SZ. The su rvey  was  l imited s ince the 
daylight remain ing  a f te r  t he  s e a r c h  began was  br ie f .  A few rock greenl ing,  some  s t i l l  
a l ive ,  were-found s t randed  i n  an upl i f ted in te r t ida l  a r e a  of the  Bering S e a  beach. In- 
t ens ive  b e a i h  s e a r c h e s  began on D t 1  and continued through D+3; in termit tent  surveys  
continued for  approximately 2 weeks m o r e .  

The  s e a r c h e s  yielded 277 rock  green l ing ,  7 Pac i f ic  sandfish (Trichodon t r ichodon) .  
1 longnose lancetf ish (Alep isaurus  fe rox) :  1 g r e a t  sculpin,  8 Pacif ic  cod ske le tons ,  and - 
the skul l  of a n  unidentified rock i i sh ,  Sebas t e s  sp .  All except the cod and rockiish r e -  

: m a i n s  w e r e  r ecove red  f r o m  the uplifted inter t idal  bench on the Bering Sea coast  adjacent 
t o  Cannikin S Z ,  between Banjo Point and Sand Beach Cove* ( s e e  F igu re  51. 

0 1 2 3  - km ----- &the3 Searched Post Cannikln 

F I G U R E  5 .  B E A C H E S  S E A R C H E D  POST-CANNIKIN AND LOCATIONS 
OF DEAD, I N J U R E D ,  AND S T R A N D E D  F W H  AND 
S K E L E T O N S  OF FISH R E C O V E R E D  F R O M  MARINE 
A R E A S  POST- C,ANNIKIN 

T h e  lancetf ish,  an o f f sho re  pe lag ic  spec i e s ,  i s  often d r iven  a s h o r e  by s t o r m s ,  
and i t s  good physical  condition sugges t s  that  th i s  was  what had happened to the spec imen 
r ecove red .  The  Pac i f ic  sandf i sh  commonly bu r rows  upr igh t  into sand of t he  inter t idal  
zone,  but the i i s h  r ecove red  w e r e  s t r anded  in  t he  Sand Beach  Cove a r e a  a s  a  resul t  of 
intert:idal-bench uplifting. Seve ra l  of the f i s h  w e r e  found s t i l l  a l ive ,  though high and d ry  
i n  t he  sand  of the uppe r  p a r t  o i  t he  beach.  

The uplifred bench e g i o n  on rhe Bering Sea coasr adiacenr lo Cannikin SZ i3 discusled in a Later recrion o i  rhis rzpon. 
?reliminay and incomplete survey informarion indicares that the extent of uplift was on the order of  0.25 to 1 . 1  rn !see 
.+ppendix A ) .  



Of the 277 rock greenl ing r ecove red ,  2 3  w e r e  autopsied.  About half of these  ex- 
hibited hemor rhag ing  o r  o the r  d a m a g e  in the b r a i n  cavity and /or  in the v i s ce r a .  The 
o t h e r s ,  exhibiting no evident injury,  a r e  a s s u m e d  t o  have suffocated on being s t randed 
by t he  uplifti-nng of the in te r t ida l  bench. Thus,  it appea r s  that  t he  g reen l ing  w-ere kil led 
e i the r  by s t i and ing  o r  by physical  injury i ncu r r ed  f r o m  rapid ver t i ca l  a cce i e i a t i on  of 
the bench. Rock greenl ing cha rac t e r i s t i c a l l y  feed  over  the in ter t idal  bench a t  high tide 
(S imens tad ,  1971 1 .  

T h e  t ide  was  at  a  s l a ck  high of about 1 m in Constantine Ha rbo r  at  t he  t ime  of the 
Cannikin detonation,  s o  i t  i s  l ikely  tha t  a l a r g e  number  of g reen l ings  w e r e  o v e r  the 
bench when it was  upl i f ted.  It i s  e s t ima t ed ,  based on p r i o r  sampling,  that s e v e r a l  
thousand green l ings  may  have  been over  the affected bench at  t e s t t ime ;  thus,  the 277 
spec imens  r ecove red  r e p r e s e n t  an  unknown i r ac t i on  of t h e  to ta l  rock greenl ing mor ta l i ty  
i n  th is  a r e a .  Some  local ized reduction in rock green l ing  abundance i s  a l so  suggested by 
the t r a m m e l - n e t  ca tch  d a t a  d i s cus sed  l a t e r  in t h i s  sect ion.  

Eight  Pac i f i c  cod ske le tons  and 1 rockf i sh  sku l l  (all f r e sh ly  c leaned by amphipads)  
w e r e  found on Pac i f i c  Ocean beaches  on DtZ and 3. As  f r e s h l y  cleaned f i sh  ske le tons  
on  the beaches  of Amchi tka  a r e  uncommon (espec ia l ly  in such numbers ) ,  it i s  l ikely that  
these  f i s h  w e r e  kiHed by Cannikin. Of the  8 Pac i f i c  cod ske le tons ,  7 w e r e  found along 
t he  e a s t  s h o r e  of St.  Makar ius  Bay about 14 k m  f r o m  Cannikin C Z .  Thi s  is  approxi-  
ma t e ly  the  s a m e  d i s t ance  f r o m  S Z  a s  t he  f i sh  (including Pac i f i c  cod) held in t he  l ive  box 
in Constantine H a r b o r ,  which w e r e  unaffected by t he  event.  It m a y  b e  a s s u m e d  that  the 
f i sh  w e r e  probably n e a r e r  SZ at  t e s t t ime ,  and d r i f t ed  to the r ecove ry  locat ion under  the  
iniluence of t he  nor thwes te r ly  winds that  p reva i led  at  t e s t t ime  and f o r  seve  r a t  h o u r s  
a f t e rwa rd  iAppendix B). 

The f i r s t  post-Cannikin he l icop te r  overf l ight  began about H+Z and las ted  f o r  
1  h o u r .  During th i s  f l ight,  wea the r  and s e a  conditions w e r e  poor  fo r  observa t ions  but 
n u m e r o u s  gu l l s  and s e a  o t t e r s  w e r e  obse rved  within about 5 km of SZ. All g roups  of 
g u l l s  obse rved  within t h i s  a r e a  w e r e  invest igated f r o m  a d i s tance  of about 30 m because  
it had  been hypothesized by FRI biologis ts  and o t h e r s  that  concen t ra t ions  of feeding gul ls  
might  indicate the  loca t ion  of f i s h  kiHed by t h e  t es t .  No dead  o r  in ju red  f i she s  w e r e  ob-  
s e r v e d  floating on the n e a r s h o r e  s e a  s u r f a c e  du r ing  the post-Cannikin beach  and he l i -  
c o p t e r  su rveys .  

Di rec t  evidence of m o r t a l i t i e s  in the  n e a r s h o r e  reg ion  is l imi ted  t o  those  f i sh  
r e c o v e r e d  from the beaches .  T h e  number  of f i s h  r e cove red  probably r e p r e s e n t  only a 
i r a c t i o n  of t h e  f i sh  k i l l ed  because  (1)  dead o r  in ju red  f i sh  could have dr i f ted away f rom 
the  s e a r c h  a r e a s  undel. t he  influence of winds  and c u r r e n t s ,  (2 )  f i sh  could have  been 
bur ied  i n  kelp,  cl iff  f a l l s ,  and mud s l ides ,  ( 3 ) .  they could have  been picked up  by 
p r e d a t o r s  o r  s cavenge r s ,  and ( 4 )  s o m e  may  have  been  m i s s e d  by i h e  survey  paqt ies .  
it is noteworthy t ha t  the  only f i s h e s  found in  s h o r e  s e a r c h e s  o n  t he  Ber ing  Sea si'de 
we re  on the uplifted sec t ion  of the beach between Banjo Point  and Sand Beach Cove. 
O t h e r s  w e r e  probably affected in t he  Ber ing Sea  w a t e r s  (on t he  b a s i s  o f  predicted 
magni tude and  &eal  extent  of t he  p r e s s u r e  p u l s e s ) ,  but d r i f t ed  away f r o m  the Is land 
under  the influence of o f f shore  wind and w e r e  not r e cove red .  

Because  t r a m m e l  ne t s  a r e  highly eff ic ient  in shallow w a t e r s  and produce  min ima l  
in jury to t he  f i s h  caught,  they w e r e  s e l ec t ed  a s  t he  g e a r  type  f o r  sampling nea r sho re  
f i s h  populations adjacent  to Cannikin SZ to d e t e r m i n e  abundance of f i she s .  Near -  
s h o r e  sampl ing  was  concen t ra ted  along the Ber ing  S e a c o a s t  because  this  a r e a  i s  
c l o s e r  to Cannikin S Z  than  the  cor responding  Xor th  Pac i f i c  coas t  and was,  t h e r e f o r e ?  
expected t o  expe r i ence  g r e a t e r  unde rwa te r  p r e s s u r e  pu l ses .  



Preevent sampling included two trammel net sets,  and poatevent sampling, seven 
sets .  The locations and catch data for these sets a r e  given in Figure 6 and Table 2 ,  
respct ively.  

FIGURE 6. TRAMMEL NET SETS W THE VICINITY O F  CANNIKIN SZ 

Broken lines near ahore indicate approximate intertidal 
bench areas .  The 1,000-m UTM grid is  shown on land. 

The two diatinct inshore fish communities found in the nearshore Bering Sea 
waters off Canaik i  SZ a re  aaaociated with rock-algae and sand-gravel habitata 
(Isaksoa, e t  al., 1971). One preevent se t  was made in each of these communities; of 
the pontevsnt sets,  four were in the rock-algae and three in the sand-gravel areas .  

Only one species, the rock greenting, waa caught in sufficient numbera to pro- 
vide a meaningful compariaon between preevent and poetevent catches. The data for 
tKis species show a considerable reduction in catch per unit of effort (fishlhopr) in the 
f i r s t  postevent aamplinga made on D+5. Catches in the sand-gravel a rea  reniained very 
low throughout the 10-day post-Cannikin aampling period, but by Dt15 the catch per unit 
of effort in the rock-algae habitat had returned nearly to pretest levels (Figure 7 ) .  

* 
* 

FRI planned to utilize three methods t o  detect and evaluate the effects of Cannikin 
in the offshore waters: live -box experiments, viaual observations from the M/V Com- - 
mandert and compariaon of pre-  and poatevent catches made with standard fishing gear. 
Aa noted ear l ier ,  the live-box experiments planned for  offshore locationa were aban- 
doned because of adverse sea  conditions. 



FIGURE 1. NUMBER OF ROCK GREENLING CAUGHT 
PER HOW, IN NEARSHORE BERING SEA 
WATERS ADJACENT TO CANNIKLN SZ, 
PRE- AND POSTEVENT 

Direct observations for any floating dead 
fish were planned for the early posttest period, 
as  soon as  the vessel was permitted to move 
into the area off Cannikin SZ. It was anticipated 
that in the event of a large fish kill, some 
stunned or dead fish would float to the surface 
where they could be located and collected. How- 
ever,  weather and sea conditions at, and just 
af ter ,  testtime reduced the probab~lity of seeing 
fish on the surface. A heavy, wind-driven chop 
superimposed on 6-9  m seas churned the sea 
surface into a white froth, and observers aboard 
the M / V  Commander saw no dead or injured 
fish, birds, or marine mammals as  they passed 
Cannikin S Z ,  6 t o  8 km offshore, at  Hi2 hours. 

Sampling of offshore fish populations from 
the M/V Commander began on August 27  and 
continued through November 2 1.  Forty -four 
bottom trawl hauls, 40 midwater trawl hauls, 
and 14 salmon Iongline sets were made. Catches 
for the midwater trawls a r e  not presente-d in 
this report because the catches have yet to be 
counted and identified. Hence, the only basis 

Catchel from two fhh communltier are available a t  this time for evaluating the e f k c t s  
presented. of Cannikin on the offshore fish populations is 

the comparison of pre- and postevent catches 
by bottom trawls and salmon Longline sets. 

Twenty-seven bottom trawl hauls were selected for comparison, based on proxim- 
ity to SZ and similarity of location and depth (Figure 8) .  All were in the Bering Sea, a t  
distances ranging from 3 to 11 !un from Cannikin S Z .  Table 3 gives the catch data for 
these 2 7  trawl hauls. A one-way analysis of variance was done-on the catch data of each 
species, o r  group of species, using the time periode (preevent and postevent) as  treat-  
ments. Table. 4 presents the results of these analyses for the trawl hauls. These anal- 
yses show a statistically significant decline in catches of rock sole after the Cannikin 
event. The results for other bottom fiahes show no significant changes in catches, but 
the catches were so small that comparison is  hardly meaningful. 

. lt, is  believed that the catch data for rock sole provide the most reliable informa- 
tion available for assessing effects of Cannikin in the adjacent Bering Sea offshore 
marine environment. There was a marked decline in the catches of this species foltow- 
ing Cannikin. This decline could have resulted from a normal offshore movement, but 
no reference to such offshore movement of rock sole during October has been found in 
the literature,fin FRI catch data from previous years,  o r  in data collected by the inter- 
national Pacific Halibut Commission. It is  concluded that the decline in catches of rock 
sole is  probably an effect of Cannikin, i. e . ,  evidence of a large mortality (the investi- 
gators believe a reasonable estimate would be thousands of fish). 

Fishes other than rock sole may have suffered some mortality, but because of the 
small catches and large variance among samples, no significant changes in abundance 
were detected. However, some additional direct and indirect evidence of fish kill 
attributable to Cannikin is  available: On D+3 one dead dusky rockfish (Sebastes ciliatus) 
was taken in a bottom trawl (Haul 33) in the Bering Sea about b km from Cannikin SZ. 

1 



Also it is to be noted that before Cannikin, large schools of f ish were detected (with 
the M/V Commander echo sounder) "hovering" around rock Pinnacles. This behavior 
is characteristic of the rockfishes. These schools were not detected after Cannikin. 

TABLE 2 .  TRAMhlEL NET SETS AND CATCHES IN BERING 
SEA NEARSHORE WATERS, IN  VICINITY O F  SZ, 
P R E -  AND POST-CANNIKIN, 1971 
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(a) R-A = Inshore Rock-Algae Habitat. 
S-G = Inshore Sand-Gravel Habitat. 

Comparison of salmon longline data showed no significant change in salmon 
catches (Table 4). Five preevent and three postevent sets were chosen for this com- 
parison on the basis of proximity to Cannikin SZ and to each other. The comparison 
indicates that salmon populations in the vicinity of Amchitka were not effected by the 
Cannikin event. 

The intertidal study a r ea s  IA-2, IA-3, and the intertidal region off Banjo Point 
(Figure 6 )  were inspected during the period December 1-8, 1971. Preevent sampling 
was conducted at the IA-2 and IA-3 areas  in September and these beaches we;; walked 
by various investigators during the late ,pre-Cannikin period. It i s  by comparing the 
post-Cannikin status of the beach areas 'with the condition of the same a reas  a s  observed 
pre-Cannikin $hat the intertidal disturbances observed can be attributed to Cannikin. 
Of 45 plots established in the IA-2 and IA-3 a reas ,  7 were completely buried by cliff 
fal ls  and 3 others were partially buried. The remaining plots were sampled for  algae 
and 19 were sampled for invertebrates during a. survey in December, 1971. The 
detailed plot data will be presented in a later  report. This report i s  limited to visual 
observations. 



- Pre- Cannikin (September-October) 

-Bottom Trawl Post- Camikin  (November) 
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FIGURE 8. LOCATIONS AND DIRECTIONS O F  BOTTOM TRAWL HAULS 



TABLE 3. BOTTOM TRAWL SETS AND CATCHES IN THE BERING 
SEA OFF AMCHITKA, PRE- AYD POST-CANNIKIN 

(See Figure 8 for locations) 

Set 1 2 8 3 10 11 13 14 15 20 21 12 28 
Date 9-13 9-13 9-16 9-16 9-16 9-17 9-17 0 1 0  1 0 4  10-11 10-11 12-11 11-7 

Deprh. frn 33 40 32  27 29 35 48 40 50 40 5Q 50 16 20 
Duration, hr '5.4 D.6 0.1  1.0 1.2 0 .1  1.0 0.3 0 . 5  0 . 5  0.6 9.9 1 i l  0.3 

Speciel 

Pacific ocean perch 1 
Prcillc cad 2 8 4 21 6 
Pacific halibut 8 24 14 51 2 2 11 2 1 5  22 9 
~ o c k  role 79 162 77 I43 33 1 1  265 21 103 97 151 55 a1 
Arrowtcoth flounder 4 2 1 1 

- 
-1 

Rex sole 1 
Poache~s 5 3 1 2 8 16 2 3 
Sturgeon poacher 5 6 
Sculpins 1 1 2 6 2 1 1 16 1 
Northern naghorn 7 
Grear wulpin 1 
Searchers 1 
Snailfish 1 

Ser 29 31 32 33 34 35 36 3'1 38 39 1 2  13 44 
Date 11-7 11-7 11-7 11-9 11-9 11-9 11-9 11-11 11-11 11-11 11-21 11-.21 11-21 

Depth, fm 25 30 30 22 25 38 35 27 35 40 !24 30 35 
Duration, h~ 0.9 0.7 0.8 0.7 0.8 0.7 0.6 0.3 0.3 0.3 1 . 0  1.0 0.4 

Species 

Pacific ocean perch 1 

Dusky rockfish 1 (dead whencaught) 
?ackific ca3 3 36 1 14 I 

Pacific halibur . - 4 42 48 11 4 17 10 1 3 4 6 5  27 
&ck sole 45 12 6 2 75 12 7 7 20 1 
A rrowrwrh flounder 1 1 2 
kr ro!e 2 

1 1 1 2 Poachzrr .. . 
Sturgeon ~ a c h e r  
Sculpinr . 1 8 23 3 2 29 1 I 1 2 
Northern naghorn . 

Great rculpin . - , 
1 Searchers 

Snailfirh 
Lirhcdid crabs 1 



TABLE 4. STATISTICAL COMPARISONS O F  PRE- AND POSTEVENT BOTTOM- 
TRAWL AND SALMON LONGLINE CATCHES 

The trawl catches a r e  given a s  number of f i sh  caught per hour of 
fishing effort  and the sa lmon catch a s  actual numbers caught since 
t h e r e  is li t t le difference in longline se t  duration. 

Preevent  Postevent 
Species  o r  Group Mean Std. Dev. (a )  Mean * Std. Dev. d .  f. (b) F ( C )  

- 

.Rock sole  154.46 79.92 21.57  29.78 1 ,  25 33.75, p<. 01 
Pacif ic  halibut 16.77 16. 18 33. 64 45.35 1, 25 1 .61 ,  N.S. 
Pacif ic  cod 3 .77  * 6 .57  5 .21  i 12.61 1 ,  25 0. 14, N.S. 
Sculpins 4.77 7.12 7 .93  i 14.37 1 25  O . 5 t .  M.S. 
Poache r s  6.31 * 8 . 0 8  1.64 3 .  10 L ,  25 4.04.  N.S. 
Salmon 10.20 7 . 6 3  3.00 + 2 . 6 5  1, b 2 .36 ,  N.S. - 
(a) Srd. Dev. = Standard deviation or deviation of the observation$. 
I b )  d , f .  = Degree1 of freedom (in this case. one less than the number of obrervarion% made). 

I c )  F = T a t  lor significance. pc. 01 tlaere is lets than 1 prcent chance of being wrong; N.S. = nor sigoi(icant. 

Ear ly  post-Cannikin visual observat ions by FRI biologists suggest that the inter- 
tidal bench on the Bering Sea shore  was noticeably uplifted along a section of coastline 
some 2 k m  long, extending f r o m  just southeast  of Banjo Point to Sand Beach Cove.- 
Pre l iminary  survey data (.4ppendix A, Table A-5 and  Figure  A-5) indicate that the 
maximum uplift of about 1. 1 rn occur red  off the point immediately eas t  of Sand Beach 
Cove, with a secondary maximum of about 0 . 9  rn near  the mouth o f  White Alice Creek .  
The uplift diminished gradually f r o m  the White Alice Creek  effluence toward Banjo 
Point, where a n  upward displacement of about 0 . 2 5  m was recorded  by the survey. 

Some spec ies  of algae a r e  dying in the uplifted intertidal section. On the shore -  - - 
ward portions of the benches, the populations of Fucus dis t ichus,  Clathromorphum 
c i rcumscr ip tum,  and C. loculosum are dead o r  dying. Corallina spp. throughout the - 
a r e a  a r e  exhibiting some die-off. The spec ies  moat severe ly  affected t h r o u ~ h o u t  the - - 
uplifted a r e a  a r e  I r idaea  cornucopiae and Halosaccion glandiforme. F o r  the kelp, a 
mixed picture r e su l t s  f r o m  the complicated phvsioaraphy of the benches. On the inner - .  - - .  
channels that w e r e  previously washed by wave action but a r e  now dry ,  Hedophyllum 
ses s i l e  and Laminar ia  longipes a r e  dying off. This i s  l e s s  apparent  on tke seaward 
faces of the benches. These  effects a r e  p r imar i ly  evident a t  L4-2; IA-3 appeared t o  
have little die -off. 

Studies of the Milrow-uplifted IA-1 a r e a  in Duck Cove (Figure  1 )  which was lifted 
about .l3 c m ,  have shown tha t  algal communit ies  were  radical ly a l te red  and the process  
continues ( B u r - n e r  e t  a l .  , 1971). Despite the fact  that the uplifting a t  IA-2 and FA-3 i s  
considerably g r e a t e r ,  a pa t te rn  of die-off and change in the inter t idal  a lga l  community 
s imi l a r  to tha t  observed  a t  the IA-1 a r e a  is expected. 

The uplifting a t  IA-2 has  a l s o  affected invertebrate  communities.  Certain species  
a r e  dying off relat ively rapidly, whereas  o thers  have ei ther  moved down out of those 
a r e a s  no  longer  suitable for habitation o r  a r e  remaining but a r e  not yet severe ly  
affected. Those showing e a r l y  die-off a r e  the se s s i l e  species  found in the Hedophyllum 
and L-aminaria zones such  a s  the  so l i ta ry  tunicates ,  Styela s p p . ,  and a part icular ly 



widespread  green  encrust ing sponge. The ma jo r  se s s i l e  species  of the upper intertidal 
zone, hlytilus edulis (bay musse l )  and  Balanus glandula ( the acorn  barnacle) ,  have not - 
shown extensive die -off. Evidence of movement  of an upper intertidal spec ies  into 
a r e a s  fo rmer ly  not  occupied by that spec ie s  was shown by Littorina aleutica (a pe r i -  
winkle).  Eleven individuals of this  spec ie s  were  recorded in a 0.25-mL plot former ly  
in the Laminar ia  zone, which i s  not normal ly  occupied by this  species .  The re  is a l so  
evidence of increased predation on inver tebra tes  by gulls and oystercatche r s  . This is 
part icular ly noticeable with the l impets ,  Acmaea spp. Uplifting has resulted in limpets 
being exposed f o r  longer t i m e s  a t  low tide. Oys terca tchers  feed on limpets,  and a r e  
now afforded a g rea t e r  opportunity to s e a r c h  out and consume the i r  prey .  Increased 

. oys te rca t che r  predation was indicated by the la rge  number of limpet shel ls  overturned 
and empty on the bench, and by the sighting of la rge  flocks of oys terca tchers  and gulls 
n e a r  IA-L a f t e r  Cannikin. No inver tebra tes  at IA-3 were  visibly affected by uplifting 
a t  the t ime of the initial  postshot survey.  

The reduction in populations of intertidal macroinver tebra tes ,  due t o  uplifting o f '  
port ions of  the inter t idal  bench, i s  l ikely to  have an indirect  eifect on nearahore  f ish 
populations, part icular ly on rock greenling, which feed on the benches a t  high tide. 
Such reduction in the feeding habitat of nea r shore  f i sh  species  will be limited t o  some 
a r e a  in the vicinity of Cannikin SZ.  The s ize  of the a r e a  tha t  m a y  b e  affected has not 
been determined,  but it will be relat ively sma l l  compared to the  total a r e a  of inter t idal  
bench habitat around Amchitka. - - 

XMFS diver/biologists  conducted p re -  and post-Cannikin sampling in the shallow 
wa te r s  off Amchitka to detect  effects of Cannikin on the biota and habitat in th is  zone. 
Sampling was c a r r i e d  out a t  four  s i t e s  (F igure  91, of which two (Sites 2 and 3) a r e  adja-  
cent t o  S Z ,  and two (Sitea I and 4 )  a r e  beyond the predicted influence of Cannikin and 
s e r v e  a s  controls.  The quantitative sampling was focused on determining densi t ies  and 
s ize  compositions of the green  s e a  urchin (St rongylocentrotus polyacanthus ) populations 
a t  each  s i te .  The pre-Cannikin sampling was done September 2 to 5, 197 1, while the 
post-Cannikin sampling was done November 1 I to 16, 1971 (D+5 to DflO). Qualitative 
observat ions included a c u r s o r y  visual  inspection of the subtidal bottom environment 
a t  the s e a  urchin sampling s i t e s  and a t  two supplemental s i tes  (F igure  9) in the Bering 
Sea  off Cannikin SZ. The object of these  observations was t o  note any  mass ive  changes 
in the bottom topography, o r  any  evidence of adverse  effects on the biota.  

Observat ions a t  the four  establ ished sampling sitea indicated few effects of 
Cannikin in the benthic environment.  P r e -  and posttest data  on urchin population den- 
s i t i e s  a r e  presented  in Table 5. No reductions in the densi t ies  o r  changes in the s ize  
compositions of t h e  urchin populations could b e  attributed t o  the t e s t .  The apparent  
d r o p  of 33 percent  in the density of urchins a t  Si te  4 i s  probably related solely t o  urchin 
behavior and the  morphology of the  subs t r a t e  a t  this  s i te .  Much of the bottom is a 
sand-si l t  mixture into which the urchins often burrow, especial ly during peri6ds of 
heavy wave su rge .  The rough s e a s  before,  during, and following the t e s t  probably 
caused m o r e  urchins than usual  to be buried in the subs t ra te  and thus not observable 
by the diversi lur ing the post test  sampling. Qualitative inspections at the  sea  urchin 
4 ampling s i tes  disclosed no dead o r  injured organisms;  the only damage seen was a t  
Si te  2 where sma l l  pieces of live coral l ine algae had broken f r o m  the edges of la rge  
patches of this  algae.  

Observat ions a t  two supplemental  s i t e s  in the Bering Sea n e a r  SZ disclosed some 
slight-to-moderate subs t ra te  disrupt ion and associated biological damage. The most  

extensive damage was found in the a r e a  about 1.8 km f rom SZ,  which was apparently 



near an active fault Line. Numerous large blocks of rock were broken from the bedrock 
outcrop and had been tumbled. The new positions of these rocks were evidenced by the 
freshly fractured surfaces exposed and the presence of yet -living algae (Laminaria sp. 
and others) on the underside of some of the largest fragments. 

Pacif ic  Ocean 

Kilometers N 

FIGURE 9. SEA URCHIN SAMPLING SITES AT AMCHITKA 

TABLE 5. SEA URCHINS (STRONGYLOCENTROTUS , 

POLYACANTHUS) IN SAMPLING PLOTS 
BEFORE AND AFTER CANNIKIN 

Location Time ~ $ e r a ~ e ( a )  ~ a n ~ e ( ~ )  

Site 1 - Bat Island Pretes t  71.0 45-103 
Posttest  79.6 34-122 

Site 2 - Bering "C" Pretest  25.8 4-47 
Posttest 30.4 13-67 

Site 3 - pacific, "C" Pre tes t  81.7 27-146,  
Posttest  78. 7 41-123 

S i t e  4 - St. Makarius Bay Pretes t  45 .7  24-73 
Posttest 30. 8 13-80 

I 

(a) Average number of urchinr coliected in rwentg 0.25-meter-square plea. 
(b) Range in mmkr of urchim per plot. 



At the site 2 . 6  km from SZ several large "flakes" had broken irom the vertical 
face of a low bedrock escarpment. Here, also, encrusting organisms were displaced to 
more shaded and confined positions on the undersides of the rock fragments. The algae 
and other encrusting organisms so displaced could be expected to die because of insuffi- 
cient light o; water circulation. 

These post-Cannikin underwater observations were extremely limited, and the 
divers were able to inspect carefully only two very small areas,  in addition to the pre - 
selected sampling sites. Subsequent field tr ips will include more-extensive underwater 
surveys to determine if there a r e  other a reas  of substrate disruption, and to  assess 
possible biological effects. 

Physical Changes 

Rockfalls and turf slides, especially on the Bering Sea coast from jus t  east of 
Banjo  Point to just west of Petrel  Point, smothered some marine organisms in local- 
ized a reas  of the upper intertidal zone, but there i s  no indication that this will seriously 
affect the marine ecosystem. There were also some changes in elevation of coastal 
a reas  on the Bering Sea side (Figure 10) that will produce changes in the intertidal com- 

munit ies .  (The a rea  involved is  described in  Appendixes A and C. ) The biological con- 
sequences of this phenomenon will be monitored and described in future reports. - 

- 

Underwater substrate disruption was noted during very limited survey. by NMFS 
biologistldivers at two sites in the Bering Sea near  SZ.  Areas of auch disruption a-re 
probably more extensive, especially in a reas  of offahore extensions of active faults. The 
biological effects of these substrate breaks may be locally severe, but a r e  probably of 
only short-term and very localized significance. Future underwater surveys will be 
designed to measure the extent of such bottom damage and to monitor recovery of dis-  
turbed areas .  

Turbidity may have adversely affected marine biota in localized a reas  of nearshore 
habitat (Figure 11). The turbidity was evident soon after the detonation - mostly along 
the Bering Sea coast in areas  of extensive cliff spalling and turf  falls. Most of the 
turbidity resulted from dispersion of fine' soil and rock particles {derived from the ero - 
sion of soil and rock thrown.onto the beach and into the intertidal zone by ground shockl. 
Some marine organisms may have been smothered as the particles settled to the bottom, 
but any such effect on benthic populations is  likely to be transient. For several days 
after Cannikijn high turbidity was evident, in some places even extending out into the 
kelp beds normally frequented by feeding and resting sea otters.  The effect of such 
turbidity on sea  otter feeding behavior and distribution is  not known. Temporary periods 
of high turbidity a r e  to be expected in the nearshore waters along the Bering coast for 
several months whenever heavy rains or unusually high seas erode and disperse particles 
from the material thrown from the cliffs by Cannikin. 

For several hours post-Cannikin a plume of muddy water was visible in the Pacific 
Ocean off the Gouth of Falls Creek, which drains the Drill Site D area.  This resulted 
from a detonation-induced breach of the dike around a drilling-mud pond, from which an 
estimated 30,000 bbl (4800 m3)  of mud and water escaped before the breach was closed. 
The mud flowed down the s t ream from the site, and some of'it was discharged into the 
Pacific Ocean on the extensive intertidal bench at the mouth of the stream (Figure 12). 
The effects, if any, of this material on the marine ecosystem in that area  have not yet 
been determined. 







a .  Holding Ponds at Site D on Dtl, After Repair of bike 

b. Pacific Ocean at hfouth of Falls Creek, on D c l  

FIGURE 12. 'DRILLING MUD HOLDING PONDS AND RESULTS OF SPILL IN 
NEARSHORE PACIFIC OCEAX WATERS AT hfOUTH O F  FALLS 
CREEK, WHICH DRAINS THE SITE D AREA 

T h e  Fa l l s  C r e e k  e f f luence  is - 7  km, az imuth  295 ' ,  f r o m  
Cannikin SZ. ( B C L  photograph number s  2B-98  and ZB- 108.1 



- 1  Freshwa te r  Ecosys tems . ~ .  : ... j 
.., 

5- 53- The f reshwater  ecosys tems of Amchitka were studied by investigators f rom BCL ,.-+ ~. . - . .: 
and Utah State  University (USU). Phys ica l  changes were  documented with a e r i a l  photog- 
raphy by BCL. 

9 . '  .: . . 

Limnology 

The objectives of the t e s t t ime  lirnnology studies conducted by BCL were  to detect 
sho r t - t e rm effects of Cannikin, including the detection of changes in abundance among 
phyto- and zooplankton genera,  and to monitor  any grose  chemical  o r  physical changes 

: . . . '" occurr ing  in the lakes as  a resu l t  of Cannikin. The data were  evaluated in the perspec-  .: ~. 

t ive of normal  seasonal  t rends  in these  pa ramete r s .  

. .. . . . ~ :  
Data were  collected between September  16 and 21, and between October 13 and . . .  

November 17, 197 1 .  Twenty-seven lakes were  studied to detect possible changes pro-  
duced by Cannikin (Figure 13). These  lakes were  selected on the basis  of (1) morphology ,, 
and relat ive permanence,  ( 2 )  location with respec t  to Cannikin SZ,  ( 3 )  accessibi l i ty ,  i:.  I ._ .  

'I 

(-1) existence of p r io r  sampling da ta ,  and ( 3 )  relationship to the f reshwater  f isheries  
investigations. - 

. . 

Five  c r i t e r i a  were  se lec ted  a s  indicators  of immediate  t e s t - r e l a t ed  dis turbance of 
the study lakes: (1 1 par t ia l  o r  complete dra inage  of a lake due to f rac ture  of the bottom 
s e a l  o r  to a b reach  of the peat retaining dam,  ( 2 )  increase  in alkalinity due t o  the rupture . ... 

.-. 
of the peat m a t  with resul t ing exposure of su r face  drainage water  to alkaline subsurface . . 

m i n e r a l  so i l  o r  bedrock,  ( 3 )  d e c r e a s e  in p r i m a r y  productivity a s  detected by a reduction 



of pH, ( 4 )  reduction in plankton ?opulations due t o  d i r e c t  o r  ind i rec t  effects  of the 
ground shock\r.ave, and ( 5 )  i n c r e a s e  in suspended-s i l t  load due to d is tu rbance  of s ed i -  
men t s .  These  types  of changes were  anticipated to  be subt le  changes in s h o r t - t e r m  
evaluation. These  potential  effects  were  gene ra l l y  masked  by the s e v e r e  s t o r m  which 
s t r u c k  ~ m c h y t k a  on D-1. 

Analyses  of s amp le s  f r o m  the  intensive - study Lakes during preevent  sampling p ro  - 
duced wa te r - chemis t ry  values  gene ra l l y  s i m i l a r  to those obtained during the previous 
autumn. Values of pH in  m o s t  of the  lakes  w e r e  e i t he r  dec rea s ing  o r  remaining re la t ively 
s tab le  dur ing  t he  preevent  s a ~ n p l i n g  per iod .  This  was ,  no doubt, a ref!ection of d e c r e a s -  
ing p r i m a r y  production in the  l akes  wi th  the  advancing season  and a l s o  dilution of lake 
w a t e r  with slightky acidic  ra inwater  dur ing  per iods  of increased  precipi ta t ion.  P reeven t  
a lkal ini ty  va lues  in mos t  of the l akes  we r e  essen t ia l ly  unchanged f r o m  those  measu red  
in autumn,  1970. About 2 2  pe rcen t  w e r e  sl ightty dec rea sed  and another  ? percen t  were  
sl ightly i nc r ea sed .  In about half t he  lakes  a lkal ini t ies  w e r e  increas ing  during October 
and November ,  1971,  while none of t he  intensive-s tudy lakes  we re  dec rea s ing  in 
alkalinity.  

Changes in pH post-Cannikin ranged f r o m  -0 ,  3 5  to  to. 54 pH uni ts .  The l a r g e s t  
posit ive changes o c c u r r e d  i n  Lakes  30, 31b, and 58b. The  g r e a t e s t  negative changes 
w e r e  observed  in Lakes  9, 42e ,  DH and 49. There  was  no apparen t  re la t ionship between 
t he  changes in pH and t h e  d i s t ance  of the lakes  f rom SZ. - 

T h e  only i n c r e a s e s  in a lkal ini ty  noted in the intensive-s tudy lakes  post-Cannikin 
w e r e  in two lakes  within I .  4 krn of S Z .  Alkalinity in Lake DH inc rea sed  f r o m  3 .  0 rug/ I 
ICaC03 equivalent)  p r e t e s t  to  6 .  0 m g / l  pos t tes t ;  t he  cor responding  change in Lake DO 
ivas f r o m  0. 5 mg/ I p r e t e s t  t o  1 .  I m g /  1 pos t tes t .  Lake DH w a s  a l m o s t  completely  
d r a ined  a s  a r e su l t  of Cannikin,  and t he  s amp le  analyzed was  obtained f r o m  a s m a l l  pool 
of wa te r  remain ing  in t he  lake  bottom. Shore l ine  banks s lumped  into Lake DO at test- 
t i m e .  Alkalinity d e c r e a s e d  in Lakes  26 ,  31b,  33a ,  DN, 44b, D P ,  5 0 c ,  and 58b. These  
d e c r e a s e s  ranged  f r o m  0 . 5  m g /  I in Lake  58b t o  8. 7 m g l  l in  Lake j O c .  Most of these  
lakes  have a n a t u r a l  high va r i ance  in alkalinity.  The d e c r e a s e s  in alkalinity observed  
w e r e  probably caused  by the  effects of the s t o r m  on D-1, and not by Cannikin. 

Organ i c  ~ n a t t e r  in Amchitka l akes  i s  de r ived  f r o m  s e v e r a l  sou rce s .  P r inc ipa l  
allochthonous inputs include organ ic  m a t t e r  flowing into t he  lakes in incoming s t r e a m s ,  
m a t e r i a l s  e roded  f r o m  the sho re l i ne  by wave act ion,  and e x c r e t o r y  products  of wa t e r -  
fowl. SIight contr ibut ions ,  no doubt,  r e s u l t  f r o m  rvindblown m a t t e r  en t e r i ng  t h e  lakes .  
Autochthonous o rgan i c  m a t t e r  is contr ibuted b y  p r i m a r y  production of plants and bac t e r i a ,  
decomposi t ion p r o c e s s e s ,  r e suspens ion  of o rgan i c s  f r o m  s u r f a c e  s ed imen t s ,  and e x c r e -  
t ion of o rgan i c  m a t t e r  by aquat ic  biota .  Human occupancy and man -made d i s tu rbances  
would be  expec ted  t o  i n c r e a s e  the concent ra t ion  of organic  m a t t e r  in s o m e  Iakes in 
iocal ized a r e a s .  

Of t he  26 l akes  s amp led  f o r  o rgan i c  m a t t e r  dur ing  mid-October ,  I 4  were  resampled  
dur ing  mid-November  following Cannikin.  F o r  t he  14 lakes  t r ea t ed  a s  a single group, 
t he  mean value i o r  dissolved organ ic  m a t t e r  was  32 percen t  h igher  than i n  the  lakes  post-  
t e s t ,  a s  c o m p a r e d  t o  the mid-October  s a m p l e s .  A t - t e s t  showed th i s  dif ference to  be 
s ignif icant  a t  t he  9 5  percen t  confidence level.  P r e  - and postevent  m e a n s  for totar  and 
par t i cu la te  o rgan ic  m a t t e r  w e r e  not  s ignif icant ly  dif ferent  by th i s  t e s t .  

The  s ignif icant  i n c r e a s e  in dissolvdd organic  m a t t e r  was  probably not re la ted to  
Cannikin,  bu t  was due  p r i m a r i l y  t o  t he  decomposi t ion o i  plankton o r g a n i s m s  with 



::: 
decreasing water temperatures. The variance in the amount of particulate organic 
matter indicates a considerable difference in standing crops of plankton in these lakes .<: 

in mid-October. This was confirmed by microscopic examination of plankton samples. 
:a: As water temperatures decreased in Xovember, the more-abundant plankton populations ;? decreased,-resulting in a considerable decrease in the variance of the particulate organic .:.: 

matter concentrations in the mid-Xovembe r samples. 
-: > 

While the preceding analysis indicates no widespread effects of Cannikin on organic- .:-i 
matter concentrations in Amchitka lakes, a localized test-related effect on lakes near SZ 
can be shown by treating the data in a different manner. On the basis of distance from , ., 

. , 
SZ,  the 14 lakes may be partitioned into two groups: Seven "close-in" lakes (44a, DK,  
DO, DJ, DP, 41b, and 491 a r e  within 2 . 2  km from S Z :  the other 7 (30, 52a, 53, 26, 9,  
LO, and 58b\ a r e  at distances of 6. 2 to 9 . 8  krn from S Z ,  and m a y  be considered as 
"controls". -- 

The mean particulate organic matter in the close-in lakes increased from 3 . 4  mg-/L 
preevent to 9. 9 mg/I postevent. In contrast, particulates in the control lakes decreased '., 

from 14. 0 mg/ l  preevent to 6 .  5 mg/l  postevent. The increase in particulate organic 
matter in the postevent samples from the close-in lakes no doubt resulted from increas- . . . . 
ing amounts of particulates entering the lakes f rom their watersheds, from bank slump- :.: 
ing, and from resuspension of bottom sediments by ground motion. , A  

- - 

There is no reason to believe that the considerable decrease in particulate organic ;' 
matter in the control lakes was test-related. Two of the lakes in this group that showed .:->~. 

substantial reduction in particulate organic matter had high zooplankton and phytoplankton 
populations during the October sampling period. It is probable that the normal seasonal ,.': 

decline in these populations was responsible for the reduction in particulates in the con- ::I 
t rol  lakes between the pre-  and postevent sampling periods. This assumption is sup- 
ported by the fact that in the control group of Lakea, dissolved organic matter increased ... 
53 percent from 3. 2 mg/ml to 4. 9 mg/ml between the two sampling periods. Dissolved F: .:- 
organic matter in the close-in lakes increased only slightly - from 3. 1 mg/l  preevent to 
3, 5 mg/l postevent (an increase of 13'percent). :. ., 

... :- i 

. - 
Any event -related changes that may have occurred in phytoplankton populations or ., . 

in water clarity would have been obscured by the effects of the severe storm on D- 1 .  ..~ 
Hence no effects of Cannikin on these parameters were measured. ,.:.! ... 

:..> 
Fish . .. - . . 

C: 

Effects of Cannikin on natural fish populations, on penned individuals, and on 
silmon eggs artificially emplaced in s t ream gravel, were monitored in the freshwater 
streams and lakes. 

The distribution and approximate numbers of fish were documented in 12 lakes and 
4 streams within 2 k m  of SZ before and after ~ann ik in  (Figure 14). This area  was 
seiected as  thkanticipated zone of major effects (on the basis of the Milrow experience 
and shock predictions supplied by Sandia?. 

Dolly Varden (Salvelinus malma) were present in 5 of the lakes and in a11 -- 
4 s t reams;  threespine stickleback (Gasterosteus aculeatus) occurred in 10 of the lakes 

.. 
but in none of the s t reams.  Pink $ almon [Oncorhynchus gorbuscha) were not found within . j 
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FIGUR: 11. L A K E  A X D  S T R E A M  STATIONS NEAR CANXIKIN USED 
IN F R E S H W A T E R  VERTEBRATE A N D  
I N V E R T E B R A T E  STUDIES 

Grid is UMT 1000-meter ,  Zone 60. 



2 k m  of SZ during pre tes t  s tudies ,  although they spawned in one s t r e a m  (Station B R )  .'I 
during late  August, 1970. During 1971, spawning salmon were  observed no  n e a r e r  t o  
Cannikik SZ than Fumarole  Cove s t r e a m ,  about 17 k m  f r o m  SZ.  >..... .... >: .,.? :.< 

.. .> 

~ e s t t i m e  exper iments  during Cannikin involved Dolly Varden, threespine s t ickle-  
back, and live, eyed pink salmon eggs.  They were held in pens in lakes and s t r e a m s  . . 

varying in dis tance and direct ion f r o m  SZ to evaluate e f fec ts  of ground motion and pres  - 1 
s u r e  pulses  on -individual organisms a t  known water  depths and over  known bottom types.  
Many of these  live pens were  accompanied b y  p r e s s u r e  gages and  acce le romete r s  
intended to m e a s u r e  physical fo rces  generated by the detonation (see  Appendix A ) .  

The exact locations of the Iive pens, a description of each type, and the species  and 
numbers of f i sh  held a re  presented in Table 6 .  Each type of pen was field tested with 
appropriate  species  and numbers  of f i sh  before Cannikin to  de termine  how long they 
could be held without ha rm.  Live f i sh  could be held in a healthy s ta te  in a l l  pens fo r  a 
minimum of 7 days ,  and up to 14 days except during ve ry  adve r se  weather condl t~ons .  
F i sh  used in a l l  experiments  were  captured f r o m  lakes and s t r e a m s  on Amchitka. 

TABLE 6 .  LOCATIONS AND DESCRIPTIONS OF LIVE PEXS IN LAKES 
AND STREAMS 

Srickleback (A  pen)(&) Dolly Varden Salmon Egq Holden 
Boltom Set Floating Set B PenIa) c ~ e d a )  D and E ~+a (a )  Distance 

Tree Type Type T f l e  Type ~ r o m  32;. 
~ t a f i o d b )  NO. Borzom No. Bottam So. brzom So. Bottom o Barrom rncrsrs .. , 

i '  

.- 
Hard 

rack-mud 
Hard s a d  

-- 
.- 
-- 

Hard mud 
-. 
-- 

Hard mud 
Hard 

rock-mud 
-. 
. . 

Hard 
rock-mud 

-. 
Hard 

rock-mud 

-. 
Sol1 mod 

Hard sand 
-- 
-. 
-- 

Hard mud 
-. 
-- 

Soft mud 
Soft mud 

-. 
-- 

Hard 
rock-mud 
Soft mud 

Hard 
mck-mud 

-- 
-- 

Hard rand 
. - 
-. 
-- 
. - 
-. 

Soft mud -- 
Hard 

rock-mud 
. - 
-- 

Hard 
rcck-mud 
Sofr mud 

Hard 
rock-mud 

-- 
Soft ms~d 

-- 
-- 
-- 
-- 
.- 
-- 
. - 
-. 

Soft mud 

-- 
. - 
- - 

- - 
.- 

2&2 Grawl 
0 - - 
0 -- 

2 Gravel 
2&2 Gravel 
2 ~ 2  Gravel 
0 -. 
0 -- 
0 . - 
0 -. 
'3 - - 
0 -- 
0 . - 
0 . . 

1) . . 
3 -. 

<a\ T ~ p s  Pens c; Dinensiom (material) Conrenrr 
A : . 5  x 39 u 3.3 cm (3 x 12  x 12  in . )  - ii18-in. mesh (galvanized wire) -25 fish 
B 60 r 90 x 90 crn (2 x 3 x 3 it) - 112-io. mesh (hardmhme cloth) 6 -2 Fish 
C $3 n 120 x 180 cm (3 x 4 r 5 it) - 1-in, meih (corron nerring) 3-13 fish 
0 10 x 30 x 30 cm (4  x 12 x 12 in.) - l / l G - i n .  mesh (plasric screen) 5.30 eggs 
- 30-cm u 10-cm-diamerer c);!indsr (clear plasric) 5 ~ 2 ~ 3  e g g  

(b) .Sets[ to Figurs 14 io~exacr  locarions of s r a t i o ~ .  



In addition t o  the penned f i s h  de sc r ibed  above,  approximately 8 ,000  live eyed pink 
sa lmon eggs w e r e  held in conta iners  in t he  fou r  s t r e a m s  n e a r e s t  Cannikin SZ (Table 6 ) .  
An additional 2 ,  000 live eggs w e r e  re ta ined  at  t he  ba se  camp,  about 13  km f rom S Z ,  to  
s e r v e  a s  exper imenta l  con t ro l s .  The  eggs,  provided by the NMFS Biological Laboratory,  
Auke Bay, AGska ,  were  f r o m  a na tu ra l  population of pink salmon f r o m  Sashin Creek ,  
n e a r  the sou thern  t ip  of Baranof  Is land,  sou theas te rn  Alaska. These  eyed eggs had been 
fe r t i l i zed  about 60  days  p r i o r  to  t he i r  sh ipment  and were  in a l i fe-his tory s t age  re la t ively 
immune  to  shock and other  environmental  s t r e s s e s .  Eggs f r o m  Amchitka s tocks  of 
sa lmonids  w e r e  not used f o r  t e s t t ime  expe r imen t s  because  pink salmon spawners  on 
Amchitka \reere too few and s ca t t e r ed  to  provide adequate number s  of eggs,  and the 
spawning per iod  o f  Doily Varden on the i s land  occu r r ed  l a t e r  in the fall  than the Cannikin 
t e s t  date.  

All  of the pink salmon eggs used w e r e  thoroughly mixed to  help insure  that  a l l  lo ts  
(con t ro l  and experimental!  w e r e  comparab le .  Two types  of con ta iners  w e r e  used: 
p las t ic  cy l inders  with 3 -mm-d iame te r  holes  to pe rmi t  wate r  c i rculat ion,  and rec tangula r ,  
f lexible,  sma l l -mesh  s c r e e n  conta iners  fabr icated on the is land.  Before  the salmon eggs 
w e r e  introduced,  the p las t ic  cy l inders  w e r e  weighted with s m a l l  s tones  t o  overcome t h e i r  
buoyancy. The m e s h  conta iners  w e r e  fi l led with g r ave l ,  a s  f r o m  a na tu ra l  redd, into 
which the eggs  were  mixed. Both w e r e  bu r i ed  in the  s t r e a m  grave l .  

Post-Cannikin s tudies  began on D-day and continued through D t 3 ,  dur ing  which t i m e  
a l l  a c c e s s i b l e  l a k e s  and s t r e a m s  w e r e  resurveyed  by s i m i l a r  seining and electrof ishing 
techniques  a s  used  p re t e s t .  T h e  shore l ine  of e a c h  lake and s t r e a m  suspec ted  to have 
been a f fec ted  was surveyed  by walking i t s  p e r i m e t e r  and wading through i t s  wa t e r s .  - Xum- 
b e r s  and locat ions  of dead  f ish found \<-ere r eco rded ,  and s a m p l e s  w e r e  taken for l a t e r  
examinat ion.  E s t i m a t e s  of number s  of f ish  ki l led w e r e  o n  t he  ba s i s  of p rev ious  seining 
r e s u l t s  and extrapolat ion of n u m b e r s  f r o m  dead f i s h  actual ly  collected.  Additional s u r -  
veys w e r e  m a d e  o n  Dt31  to M39. 

A s u m m a r y  of observa t ions  on l akes  and s t r e a m s  a f fec ted  by Cannikin f r o m  D-day 
to  Dt3 i s  p resen ted  in Table  7. Af t e r  Cannlkin,  f i s h  were  found s t r anded  on mud f la ts  
and in s m a l l  puddles of t hose  l akes  d r a i n e d  by t h e  detonation fBO, DF, DH, and 42h). 
In the se  and o the r  Iakes  up to  1,800 m f r o m  SZ (DH, DL, DM, and DN) some  f ish w e r e  
a l s o  t o s sed  on to  the sho re l i ne  by t h e  rap id  upward movement  of t he  ground.  In addi-  
t ional Iakes  (DK, DM, and DN),  s e ine  hau ls  and shore l ine  walks revealed dead  and 
moribund s t i ck leback  in the water .  When examined  these  f i s h  exhibited extensive i n t e r -  
na l  damage:  hemorrhaging ,  rup tured  a i r  b ladders ,  and d i s rup t ed  kldneys.  On the ba s i s  
of t h e s e  nec ropsy  findings,  it is bel ieved that  dea th  was due to  p r e s s u r e  pu lses .  

. On the  b a s i s  of preevent  seining r e s u l t s  and postevent observed  mor t a l i t i e s ,  an 
e s t ima ted  10, 000 th reesp ine  s t i ck leback  and about 700 Dolly Varden were  kil led b y  

Cann ik in .  A breakdown of t he se  n u m b e r s  by cause  of dea th  i s  p resen ted  in  b able 8. 

Strong winds on the eve  of D-day ( see  Appendix B )  s e v e r e l y  hampered  l ive-pen 
expe r imen t s .  e r o b a b l y  a11 of t he  t h r ee sp ine  s t i ck leback  in  7 of 15 l ive  pens containing 
s t i ck leback  died before  Cannikin a s  a r e s u l t  of being beaten aga ins t  pens by ga le -  
f o r c e  winds.  O n l y  9 of the 25 f i sh  in  a n  eighth pen  i n  Lake D J  w e r e  a l ive  a f t e r  the tes t ;  
nec ropsy  indicated t he  o the r  16 probably died before  t he  t e s t .  A ninth pen was  found 
upside down with t he  l id  off  and the f i s h  gone. The  23 s t i ck leback  in the bot tom pen in 
Lake DK w e r e  a l s o  found dead post-Cannikin.  Evidence  indicated they had been smo the red  
by bottom s i l t  probably s t i r r e d  by s t o r m  winds on D- I .  



TABLE 7. POST-CANNIKIN FRESHWATER FISH SURVEY 

rirh Fount i m  
D i x w  andhionof  FLrh in Ho!din~ Penr Sbmelinc S w e y  

irom Time of SrickltbacL 5tim Oa 
~ a k e  52,  meten Vkic Dolly Varden Float Pcn Bratom Pen h u h  Shwe W ~ C I  

80 81$ D+1 12-.alive 2s--alkve 25--alive -- 0 0 
D + J ( ~ )  12-dead 25-dead 2 s - d c d  .- Many I I ~ c X I C ~ ~ E ~  found !urnled 

on mud flrlr e l d u i m d  lake 

w 720 D+I 6 - - I I I Y ~ ~ ~  mr c~trnined .. 0 81 

013 1s--alive 2 5 - d e d  2 5 - d c d  .. t (8 

DF 1.L10d D+1 25-dead p n  m fount -- Many u k k k b l c k  s-dcld or 

Imnf n r a d c d  feeble 
cn mud n l l l  cf rcicilcbrck 
d r a w  14h.  
Len than 2 s  
tmldd a h r e  

DH NO 011 6--aI l te  -. -- .- LLs rban 31 
Dolly Varden 
toucd on i b r c  

D+# &--d ive  .- .. 14 live 0 ,I 
Dolly Vacdrn 

(1 h"l) - - 
DJ 1.6W D d l y  .. 16-dead  25-dcd -- 0 0 

9--aIive 
D+1 -- 1 6 - d a d  25-dead  .- D c, 

9--alive 
D+2 .* -. -- 81 I t s ~  slice- 0 0 

back fmm a 
20-rn b a d  

DK 1.210 D d l y  7--rlivc 25-dcadlC)  ~ s . d c d ( ~ )  .- 0 0 
a--alive 

D+2 7 --ali"e .- -. 4 5 - - 1 1 ~  rrieUe- 0 2 n i < k k b ~ c k  
8--alive back dead or 

$--dead rticble- 
bacldc) l--Dolly Var. 

den dead 

DL 1.351) D 4  .- .- -. .. 7sichlCb.ck 3 
found rmred 
an horr 

DM 1,520 D+3 -- -. .- -- 0 2 - d c a d ~ r i c k -  

lcbac!d<) 
rod revctll 

. . orb,$-- 

feeble 

D!4 1.300 D t 3  'l--alfve d a d  2 - d c d c )  41-12 liw 23-dead 12-dcrd(C) 
24--alive 23--alive szichleback ~icklehlck sickleback 

I--live . . 
Dolly vudcn 
#2-47 l i ~  

nickIebuclt 

DO i . 430  D d a y  6--alive 25-dead  .- -- 0 0 
* D t l  6--dtvc -. -- -- 0 0 

0.2 6--alive -- .. .- C, 3 

DP 2.050 D d a y  l-dud 25 exaped 25-dead  .. 11 I] 

l-.feb1e 
6 - a r i i ~  

D t l  1-.dc.d -. .- -- 0 ( I -dad  
1--feeble grearcl icrupl 
6 - - 4 1 1 ~  

D+2 6--alive .- -- 0 0 .. -- - 
(a) Lakcdrainad after gubsidcnsc alrc7 brmod;t Nr38. 
(b) Second p n  n a  sbcckcd. 
(c]  1mdrn.l hcnmnbgr. tlr bldder ~pnnsd. kldDy dimrupcd. 
(dl smorhrd hy byboaom lilt: & l i e d  due 10 n l n i  by nonn rlnfl m 0.1. 
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TABLE 8. ESTIMATE OF STICKLEBACK AND DOLLY VARDEN 
KILLED BY CAVNIKIN IN LAKES 

(Exclusive of mortality of f ish held in experimental pens) 
t 

Caure of Dearh 
Fish Throw ~-~ -~ ~ 

Lake Drained Clear o f  Water 
D  irtance From Fish S r r a r d d  . Prerrure Pulse znd Straaded 
SZ. meters 3rb(a) D V ~ ~ )  51b(') ~ \ i a )  srb(al ~ i . < a !  

31nall pcrd near pump itation 
Lase 30 
b k e  DH 
Lake DF 
La!?< DK 
La& D L  
Lakr D l !  
Lrke DN 

5jrimated Tala1 Fish K i l l  7.700 2.900 '  10 ;8 

E~rirnared Tcr& Sy Speciel: Stickleback I,:,, ,506 
Dolly Varden 700 

(a) Stb = srickleback 
DV = Dclly Varden. 

Death of some stickleback in  five of the live pens can be attributed to the effects of 
Cannikin. Ln Lake DK, 1210 m from Cannikin S Z ,  all 25 fish in the floating pen were 
found dead. Necropsies showed that these fish had extensive internal hemorrhage, rup- 
tured ai r  bladders, and disrupted kidneys: these a r e  characteristic symptoms of pressure 
effects. In Lake DN, 1800 m f rom SZ, one dead Ash and 24 live ones were found in the 
floating pen; the bottom pen contained two dead and 2 3  live fish. Examination of the dead 
fish indicated that only the two from the bottom pen were killed by pressure effects of 
Cannikin. One pen in Lake D F  was not found and is presumed to have been lost through 
a f issure  that opened in the lake bottom. All stickleback in both live pens in Lake BO 
survived the D- 1 s torm winds and the detonation, but were killed by stranding when the 
lake drained during subsidence. 

Of the 69-Dolly Varden held in live pens during Cannikin, 55 survived the test 
unharmed. Twelve were hlled by stranding when Lake BO drained. In Lake DP, two 
fish were found dead post-Cannikin, but cause of death could not be ascertained; it is not 
thought to be test related. 

Four of the six plastic cylinders used to hold eyed pink salmon eggs during Canni- 
:<in were damaged by ground motion. The spring pins holding the top of the two containers * 
in stream DE were jerked loose and a portion of eggs in one cylinder and all those in the 
other were lost. Both cylinders in White Alice Creek were cracked by the event but no 
eggs were Lost. The two mesh bags holding eggs in White Alice Creek were buried by a 
rock slide. All the other containers were recovered without damage. 

No dead eggs were found in any of the I 2  containers recovered when they were 
examined on Dt1 and D + 3 .  A portion of the eggs from each of the four experimental 



s t reams was removed D t 3 ,  placed in shipping t rays ,  and returned to Log=, Utah. .The ';. . . control eggs, held in the shipping t r a y  during Cannikin, were a l so  returned. All egg . . 
groups,  control and experimental,  were  placed in separate hatching trays for observation 

..* , of hatching and mortality. Facilities for these observations were provided through the 2 >.,: courtesy of-Mr. Ron Goede of the Utah Experimental-Hatchery in Logan, and the Utah 
Division of Wildlife Resources.  Data on hatching and mortality of these salmon eggs 
while held at  the Logan Hatchery a r e  presented in Table 9. . .  .., 

TABLE-9. HATCHING SUCCESS FOR FIVE GROUPS OF PINK SALMON 
EGGS HELD DURING CANNIKIN ON AMCHITKA, ALASKA 

Data were taken after eggs were held 32 days in hatching 
troughs. 

Distance 
From SZ, Total Eggs Percent 

Location Type Holder m Total Eggs Hatched Hatched 

St ream BR Mesh bag 2730 204 194 9 5  1 
2730 248 232 S t r e a m B R  Cyl~nder  93.5  

St ream DE Cylinder I500 113 102 90 .  3  
Stream BC2 Cyllnder 1500 336 297  88.6 
Control 2 73 270 98.9 

. . 

Next to  the control,  highest hatching success  and lowest egg mortal i ty was 
observed in the two egg groups held in  St ream BR, the station farthest  f rom S Z  (Fig-  
u re l4 ) .  Lowest hatching success  was observed in  one of the groups closest to S Z  

.,.~ 
(Station BQ), in the s t r e a m  which received most  physical damage. While under obser-  . . . . . .<. 
vation in the hatching troughs, numerous larvae  in this la t ter  group died attempting to 
hatch o r  were hatched deformed. Many of the symptoms were  typical o f  eggs affected 
by shock. 

>.. .~ 
. ~. 
.,! .. 

The initial hatching rate was considerably Lower for groups at Station BQ than at 
the other locations, although af ter  Df29 i t  accelerated over  that of the other groups. A .  -:.. 

:;, 

A c h i 2  t e s t  of significance between each experimental group of eggs and the control 
'- 

group shows that the hatching success  of eggs in only one s t ream (Station BQ) differed .,.. - ~ 

f rom the control,  and then only at the 30 percent level of significance (70 percent confi- :+.; .... 
dence l imi ts ) .  Because the control eggs were handled differently f rom the experimental 
eggs '(the experimental eggs were  subjected to  more  handling during t ranspor t  to s t r eams ,  
placement in containers, burial in gravel in s t r e a m s ,  retr ieval ,  and t r ans fe r  -back to  
camp) ,  i t  i s  difficult to relate the cause of any mortality of eggs to Cannikin. 

Additionql groups of eggs were left in  each s t ream after Cannikin to determine s u r -  ,' 

viva1 and h a t i u b i l i t y  in  the field. The two groups of eggs in  St ream BR, the station far -  
thest f r o m  SZ, were  recovered on D t 3 7  and only five dead eggs were found in one group. 
Fifteen eggs in each group had hatched and the remaining eggs were a l l  alive (about 
2 0 0  per group). The cylinder in S t ream AH was p a r t l y  filled with mud and si l t  and all 
but 34 eggs and 14 hatched f ry  were  dead (about 280 egga). All remaining eggs in White 
Alice Creek (Station BQ) were  found dead. There  was no s i l t  in the cylinder and the 
reason f o r  loss oi these eggs cannot be determined conclusively. The s t ream had ea r l i e r  ., 2 



been contaminated by dr i l l ing was t e s  f r o m  the Cannikin s i t e ,  and res idua l  ma te r i a l s  i r o m  
th i s  contaminat ion m a y  have been  r e l ea sed  by ground shock  a t  t e s t t ime .  It should a l so  be 
noted that a f t e r  subs idence ,  the flow r a t e  in  t he  lower  sect ion of t he  s t r e a m  where  the 
eggs  w e r e  loca ted  w a s  d r a s t i c a l l y  reduced .  

t T o  s u m m a r i z e ,  about 10,000 t h r ee sp ine  s t ickleback and 700 ~ 0 1 1 ~  Varden were  
kil led by Cannikin. Xo adult  o r  i m m a t u r e  salmon w e r e  n e a r  Cannikin S Z  during t he  event ,  
and n o  sa lmon ki l ls  w e r e  recorded .  Th ree sp ine  s t ickleback and /o r  Dolly Varden were 
found dead  in eight lakes  o r  ponds, 350-1800 m f r o m  S Z .  F i s h  kil ls  in t h e s e  l akes  and 
ponds resu l ted  f r o m  the  following: f i sh  were  s t r anded ' a s  a  r e su l t  of lake dra inage  by 
t i l t i n  o r  c rack ing  of lake beds ,  f i s h  w e r e  kil led by detonat ion-generated p r e s s u r e  pulses  
that  ruptured a i r  b ladders  and blood v e s s e l s ,  and a  few f i s h  were  s t r~anded  when ground 
mot ion  t o s sed  the lakewater  a s h o r e .  Only s t i ck leback  were killed b y  p r e s s u r e  effects  
and only a  f ract ion of t he  s t i ck leback  populations in the t h r e e  lakes  where  this occu r r ed  
w e r e  kit led.  Most of the  f i sh  kil led by Cannikin,  about 70 percent ,  were  kil led by s t r and -  
ing \\,hen fou r  l akes ,  1000 m o r  l e s s  f r o m  S Z ,  d ra ined .  

Phys i ca l  Changes 

P h y s i c a l  a l t e ra t ion  of lake and s t r e a m  beds o c c u r r e d  in two phase s  of ground 
motion: the f i r s t  r e su l t ed  f r o m  the  detonation, and the second f r o m  the fo rma t ionp f  the 
subs idence  c r a t e r  a t  Ht38 hour s .  

Resul t ing f i s s u r e s  and s c a r p s ,  de sc r ibed  e l s ewhe re  in this r epo r t ,  d r a ined  s ix  
f r e s h w a t e r  l akes  within 1. Z km of SZ. F o u r  of t he  lakes  (BO, DF, DH, and an unni~med 
l ake )  w e r e  among a  c l u s t e r  of seven lakes  located about 1  km e a s t  of SZ (F igures  I 4  and 
1 X f i f th  (&la) was  about 1. 2 k m  southwest  of S Z ,  and the sixth (an unnamed l ake )  \reas 
located about 0 . 9  km w e s t  of SZ. Ten  o t h e r  l akes  w e r e  changed because  of wa t e r  l o s s  
and s lumping of banks.  

Lakes  BP, BO, and DH, a t  the pe r iphe ry  of t he  anticipated col lapse c r a t e r ,  w e r e  
not iceably t i l ted away f r o m  SZ on D t l .  However ,  on D t3 ,  a f t e r  c r a t e r  subsidence,  t he se  
t h r ee  lakes  w e r e  not iceably t i l ted toward  SZ.  A l a rge  f r a c t u r e  developed on t he  wes t  
s h o r e  of Lake  30 t h rough  which t h e  l ake  comple te ly  drained.  Tilt ing and draining a p p a r -  
ently o c c u r r e d  qui te  rapidly, because  a "slosh" zone on the shorel ine on t he  downward 
s ide  was appa ren t  a f t e r  d ra inage .  

Lake B P ,  0.74  k m  nor theas t  of SZ, had a d e c r e a s e d  wa te r  l eve l  following Cannikin. 
Th i s  probably r e su l t ed  f r o m  w a t e r  sp lash ing  out of t he  lake  at t e s t t ime  and  during the 
s t o r m  on D-1. No c r a c k s  in t he  bottom s e a l  w e r e  observed.  

Only White Alice  C r e e k  (F igu re  14) sus ta ined  m a j o r  channel  disruption. Flows in 
the two t r i bu t a r i e s  of th i s  c r e e k  on e i t h e r  s i de  of Cannikin SZ were  s e v e r e l y  a l t e r ed ,  
both by blockage of t he  s t r e a m  channe ls  and by t he  t e r r a i n  changes that  took place on 
i o rma t i an  of the,subsidence c r a t e r  {Appendix C) .  In many  p laces ,  s t r e a m  banks caved in 
and mo:. :ds o i  tu r f  t empora r i l y  blocked t he  channels .  The m o s t  notable blockage r e su l t ed  
f r o m  a Large tundra  s l ide  into White Alice  C r e e k  below the confluence of t h e t w o  b ranches ,  
about 1. 1 km n o r t h e a s t  of S Z  (F igu re  16).  Flow was  in te r rup ted  and t e m p o r a r y  ponding 
o c c u r r e d  behind the s l i de .  A long s c a r p  resul t ing f r o m  Cannikin formed a  1 .2 -me te r -h igh  
bank a c r o s s  t he  sou th  b r anch  of White A l i c e  C r e e k  just  e a s t  of SZ ,  and a  new lake 
promptly  fo rmed  behind i t .  The  lake  shows up prominent ly  in  P l a t e  2,  t aken  on D+3, and 
was s t i l l  t h e r e  when USU inves t iga tors  v i s i t ed  the s i t e  on Dt31.  



a. Photographed on D-53 - - 

I b .  Photographed on Di5 

FIGURE 15.  FRESHWATER LAKES BEFORE AXD A F T E R  CANXIKIN 

The center of the photo is about 0 . 9  km from S Z ,  
azimuth 110". Note cracks  in lake bottoms, and 
long s carp  in tundra, in the p o s t - C a n n i k i n  photo- 
graph. (BCL photograph numbers 13A-74 a n d  1B-87.) 



Photographed on D t 5  

FIGURE 16. A TUNDRA SLIDE INTO THE CHANNEL O F  
WHITE ALICE CREEK, 1.  1 K M  FR0.M SZ, 
AZIMUTH 69 "  

Note ponding i n  s t r e a m  channel  above s l ide  
(BCL Photograph  No. 78-148)  

S t r e a m  d i s cha rge  a t  t he  mouth  of White Al ice  C r e e k  was  marked ly  a l te red .  U .  S .  
Geological Su rvey  (USGS) personne l  repor ted  that  flow at t he  s t r e a m  gage i n  the  IL-ver  
r e a c h  of t he  s t r e a m  s topped ' immedia te ly  a f t e r  t h e  event ,  but r e sumed  a t  a much  reduced 
ra te  on I a t e  D-day and e a r l y  D t l  (Appendix C ) .  Throughout the lower  sec t ion  of t h e  
s t r e a m ,  rock  and tu r f  s l ides  c r ea t ed  many s m a l l  t e m p o r a r y  d a m s ,  through which the 
s t r e a m  h a s  c a r v e d  a meander ing  c o u r s e  (observed  on Di34). 

T e m p o r a r y  high turbidi ty  was  obse rved  by USCS personnel  in Clevenger  Creek  and 
Constantine Spring on D t l .  And, a s  noted e a r l i e r ,  w a t e r a n d  dr i l l ing was tes  escaped  
through a broken mud pond dike a t  Site D and flowed dowr~ Falls C r e e k  into t h e  Pacif ic  
o c e a n  until the b r e a k  was r epa i r ed  on D t 1  (F igu re  12). 

A notable  effect  of Cannikin on the f r e s h w a t e r  e cosys t em of Amchitka i s  expected 
to be  the format ion of a new lake in t he  subs idence  c r a t e r  (P l a t e  2 and  appendix'^). 
T h r e e  shallow ponds now in the c r a t e r  will  probably coa lesce  a s  the s ink fi l ls ,  fo rming  
one of  the l a r g e s t  and deepes t  l akes  on t he  I s land .  

> 

In s u m m a r y ,  the Cannikin detonation and subsequent  fo rmat ion  of a collapse c r a t e r  
d r a ined  six l akes  and modified 10 o t h e r s  by changing wa te r  l eve l s  and /o r  s lumping of 
sho re  m a t e r i a l s .  The c o u r s e  and flow r a t e  of one s t r e a m ,  White Alice  Creek ,  was 
d r a s t i c a l l y  a l t e r ed ,  and a new lake is fo rming  in the col lapse sink, which in te rcep ts  the 
upper  d r a inage  of th i s  c r eek .  F a l l s  C r e e k  was  contaminated throughout m o s t  of i t s  
course by dril!ing was t e s  f r o m  a holding pond a t  S i te  D. The  long- te rm e f f e c t s  of t he se  
changes on f r e s h w a t e r  f ishes  and o the r  f r e s h w a t e r  biota a r e  yet  to  be determined.  
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Terrest r ia l  Ecosystems 

Most ptudies of terres t r ia l  ecosystems of Amchitka were designed to  measure the 
long -term 'effects of Cannikin. Major emphasis in these studies was placed on ,avian 
ecology; studies were also conducted on soils and plant ecology. The avifaunal studies 
were carried out by investigators from the Chesapeake Bay Environmental Center, 
Smithsonian Institute (SI) with assistance f rom a scientist f rom Brigham Young Univer- 
sity (BYU). Soils studies were conducted by a geomorphologist from The Ohio State 
University (OSU); and plant ecology studies we re conducted by a scientist from the Uni - 
versity of Tenneaaee IUT). 

Avian Ecology 

Studies on the avifauna of Amchitak during late October and early November of 
1971 were centered around Cannikin. The principle objectives were to document test-  
related avian mortality, changes in avian population denaitiea, and damage to habitats 
(especially nesting sites used by bald eaglea and peregrine falcons). 

Personnel in the avian ecology program were on the Island October 18 through 
October 25, and November 9 through November 15, 1971. Thus, testtime obsewations 
on avian populations ended 11 days before, and began again three days after, the test. 
The census counts discussed below must be interpreted in light of the 14-day period 
between the last preteat counts and the f i rs t  posttest censuses. Sixteen dead wate-rfowl 
{Table 10 and Figure 17) were found during the early posttest searches. These birds 
were autopsied by a veterinarian of AHRC. His report is  as follows: 

"Findings indicated that eight birds [seven harlequin ducks and one 
pelagic cormorant) had been killed by vertical acceleration while they 
rested on rocks. The force was transmitted in such a way a s  to cause f rac-  
tures  of the legs, ribs, and spine, and the lungs were macerated in all.  

"Seven birds were evidently killed by overpressures in water. These 
animals had no broken bones, and the abdominal viscera were little affected. 
All had severely hemorrhagic lungs, and some were bleeding from the ears .  
The scamp had extensive, encapsulated intraabdominal and intrathoracic 
abscesses, but it was fat and in excellent condition. 

"The thick-billed murre  had died from natural causes. Depletion of 
the pectoral muscle and lack of fat  indicated a chronic disorder of undeter- 
mined nature. The lungs and internai organs of this bird were normal in 
gross  characteristics. " 

.In addition to these 16 birds,  two more harlequin ducks were found later. One 
appearedto hgve been killed b y  vertical acceleration. The other exhibited symptoms of 
both pressure pulse and acceleration effects; this suggests that the bird may have been 
in a dive and close to the bottom upon arr ival  of the shockwave. 

The number of dead birds recovered along the coasts should not be construed as  
representing the total test -related mortalities among avian populations residing in the 



mar ine  l i t toral  wa te r s .  It is believed likely that an undetermined number of b i rds  were 
killed along the Bering Sea  coas t s ,  but were  neve r  recovered because of the strong of f -  
sho re  wind blowing on tha t  s ide  of the Island af te r  the t e s t .  

TABLE 10. DEAD WATERFOWL FOUND AFTER 
CANNIKIN WOVE-MBER 6 -  9) 

Species Number Found 

Horned g rebe  (Podiceps au r i tu s )  1 
Pelagic co rmoran t  ~ P h a l a c r o c o r a x  pelagicus) 3. 
Grea te r  scaup (Aythya m a r i l a ]  - 1 
Oldsquaw (Clangula hyemalis 1 1 
Harlequin duck (Hlstrionicus his tr ionicus]  8 
Common m u r r e  IUria aalge)  -- 1 
Thick-billed m u r r e  (Ur ia  lomvia) - 1 - 

Total 16 

FIWJRE 17. LOCATIONS OF DEAD WATERFOWL RECOVERED 
POST-CAENIKIN 

Wo dead t e r r e s t r i a l  birds were  found. Two o r  th ree  sma l l  dead birds were  reported 
t o  have been seen  n e a r  SZ a f t e r  Cannikin, but a s e a r c h  of the a r e a  failed to confirm the 
repor t .  Rock ptarmigan and snow buntings were  common around SZ following the t e s t  
and th is ,  combined with the unsuccessful  s e a r c h e s  fo r  dead b i rds ,  suggests  that t e s t -  
re la ted  mor ta l i ty  among the tundra-dwelling birds was low. 



P r e  - and post test  visual  censuses  of avian populations in the marine l i t toral  waters  i.i , 
were  made during helicopter fl ights between Kir i loi  Point and Chitka Cove on the Bering ..< 
Sea side and between St. Makarius and Andesite Points on the Pac i f ic  Ocean side of the 
Island. The resul ts  (Table 11) show that t h e  number of birds seen  on the posttest census zj 
\%,as about I 0 percent l e s s  than tha t  seen  on the pre tes t  census.  This  difference, was p i  z j  

mainly a resu l t  of a high p re t e s t  count of glaucous-winged gulls.  The gull i s  a highly mo-  
bile spec ies  whose movement f r o m  a r e a  to a r e a  i s  dictated by weather conditions and 
local food supplies.  Consequenty, i t  is believed that the difference between the p re  - and '..~ 

post test  counts ~f th i s  spec ies  was not t e s t  related. 

TABLE 11. HELICOPTER CENSUSES OF BIRDS O N  THE BEACHES AND IK 
NEARSHORE WATERS BETWEEN KIRILOF POINT AND CHITK.4 
COVE AND BETWEEN ST. MAKARIUS AND ANDESITE POINTS, 
BEFORE AND AFTER CANNIKIN 

P r e t e s t  Count Pos t tes t  Count 
Species October  2 1 November 1 1 

Cormorant ,  red-faced and pelagic, combined 390 457 . :: 
.. (Phalacroco  r a x  ur i le  and Phalacrocorax  pelagicus 1 - 

E m p e r o r  goose (Philacte canagica)  75 
- 

10 
Mallard (Anas platyrhynchos) 18 23 
Pintai l  ( h a s  acuta)  1 0 . .. . -- 
Common teal !Anas c r e c c a l  - 40 0 
Bufflehead (Bucephala a lbe ro la )  0 -2 
Oldsquaw (Clangula hyemalis  ) 0 3 

1147 1 2 5 0  Harlequin duck (Histrionicus h is t r ionicus)  
Common e ide r  (Somate r i a  moll iss  i m a )  65 1 , . 
Red-breasted merganse r  (Mergus s e r r a t o r )  0 1 :$i . ... . 

3 6 3 0  
:. . 

Black oys terca tcher  (Haematopus bachmani)  . . 
Glaucous -winged gull (Larus  argentatus gIaucescens)  712 457 

0 
.. -, 

Common raven (Corvus  E) .. ~. - 1 - . . . . . . 
2484 2238 

.. . 
Totals -. 

...: 

The common e ide r  a l s o  declined in the posttest census ;  but, a s  these  b i rds  normally " 

move well offshore a t  about this  t i m e  of year ,  the decline is considered normal .  The 
common teal-usual ly inhabits t h e  f reshwater  lakes in the autumn, but occasionally sma l l  '7. 

i 
flocks a r e  seen  in the  mar ine  l i t to ra l  w a t e r s .  One flock of 4 0  was seen  on the p re t e s t  cc >-- . 
census,  but none was seen on the post test  count, even though the numbers  present  on the 
f r e shwa te r  lakes appeared to be normal .  The decline in the numbers  of empero r  geese : 

in  the  mar ine  l i t toral  wa te r s  cannot be  explained; the i r  numbers  should be  increasing a t  
t h i s  t ime a s  the winter  birds a r r i v e .  The numbers  of this  spec ies  w i l l  be est imated d u r -  
ing a future winter field t r ip .  

C . 
Aer ia l  censuses  of bald eagle and peregrine falcon populations were  made around 

the per ime te r  of the Island before {October 2 1 ) and after (November 11) the test .  On the 
. . 

pre te s t  flight, 234 bald eagles  and 18 peregr ine  falcons were  counted, and on the  post test  
census 2 0 3  bald eagles  and seven peregr ine  falcons were recorded.  Weather  conditions ! . . 

fo r  the post test  census  were poor,  and high winds forced the helicopter t o  fly a consid-  
erable dis tance out f r o m  the cliffs. Consequently, the reduction in numbers  of rap tors  
counted posttest was probably weather  related.  Special emphasis  will be placed upon ~.. 



future  s tudies  of the pe reg r ine  falcon and bald eagle  populations to  a sce r t a in  if any popu- 
lation d e c l i n e h a s  o c c u r r e d  a s  a r e s u l t  of t he  t e s t .  

Habitat  changes resul t ing f r o m  the  t e s t  cons i s ted  of soi l  and overlying vegetation 
slipping into the  ocean f r o m  banks along bo th  s i d e s  of the Island. They a r e  descr ibed  in 
another  p a r t  of th i s  repor t .  This  a r e a  i s  unimportant  f o r  t he  nest ing of any avian spec i e s  
(Williamson and Ernison,  1969); but i s  ut i l ized b y  foraging w in t e r  wrens ,  Lapland long- 
s p u r s ,  snow buntings,  and r o s y  f inches  a t  c e r t a in  t i m e s  of t he  y e a r .  As the 6 ponds in 
the vicini ty  of Cannikin SZ tha t  w e r e  d r a ined  and about 10 o t h e r s  that  par t i a l ly  d ra ined  
have neve r  been noted to  ha rbo r  a n y  concentrat ions  of aquat ic  b i rd s ,  these  habitat  changes 
a r e  unlikely to  a f f ec t  avian populations.  

The  effects  of the Cannikin detonat ion on sea s t acks  and rocky cLiNs were  of p a r -  
t i cu la r  conce rn ,  s ince such  s t r u c t u r e s  a r e  u sed  a s  nest ing s i t e s  by bald eag les  and 
peregr ine  fa lcons.  A t  l eas t  t h r e e  bald eag l e  nest ing s i t e s  along t he  Ber ing  coas t  (and a 
fourth that  i s  occasional ly  u sed )  and two bald eag l e  nesting s i t e s  on the Pacif ic  coas t  
w e r e  los t  in cliff and s t ack  fa l l s  (F igu re s  18 and 19). Xo pe reg r ine  falcon nest ing s i t e s  
u s e d  in 1971 w e r e  los t ,  but one used in  1969 and another  used in  1970 w e r e  destroyed.  
The s i t e s  des t royed  w e r e  in a group  of t h r e e  s i t e s  located f a i r l y  c lose  together  on P e t r e l  
Point (F igu re  20). Only one of these  s i t e s  was  used in any given yea r ,  hence only a 
single p a i r  of pe r eg r ine  falcons appea r s  to  have been involved in t he i r  use .  Whether the 
loss of two s i t e s  will af fec t  the  u s e  of the  remain ing  s i t e  cannot be de te rmined  until the 
1472 nes t ing  season.  A pe reg r ine  falcon e y r i e  a t  Stone Beach Cove [F igu re  18) that  was  
damaged by Milrow was fur ther  damaged  by Cannikin. The  Cannikin-induced damage  
appea r s  to  be m o r e  extensive than that  produced b y  hlilrow. 
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FlCURE 18. BALD EAGLE AND PEREGRINE FALCON XESTING SITES 
KEAR CAXNIKIN SZ 



a. Photographed on D- 17 

b. Photographed on D + 5 

FIGURE 19. A SEA STACK USED AS A BALD EXGLE NESTING SITE, 
BEFORE AND AFTER CANSIKIN 

Located on Pacific Ocean coast  - 3 . 4  km, azimuth 236' ,  
from Caqnikin SZ.  (SI photographs) 



a .  Photographed on D-12 

b Photographed on Dt1 

FIGURE 10. PETREL POINT, WHERE PEREGHNE FALCONS HAVE 
NESTED DURING THE PAST 3 YEARS, BEFORE AND 
AFTER CANNIKIN 

Two of the three nes t  s i t e s  util ized in different years  by  
a s ingle  pair were  destroyed. Petre l  Point is located on 
the Bering Sea coast  - 2 . 5  k m ,  azimuth - 3 3 6 " ,  from 
Cannikin S Z .  iBCL photograph numbers 4A- 26 and 2B-72.  ) 



. ?  
The s i x  bald eagle nes t  s i t e s  destroyed by Cannikin represents  about 10 percent of ~. .: 

the number of s i t e s  used in any given year  b y  the 55-60 breeding pairs  of eagles that 
inhabit the Is land. However, eagles  have a low degree  of nest-s i te  tenacity and the r e  a r e  
numerous suitable alternative s i t e s  that can be util ized. At mos t ,  19 breeding pairs  of y;! 
peregrine falcons a r e  on Amchitka, and this  species  exhibits strong nesf-s i te  tenacity.  '.' 

Only fur ther  observations during the next breeding season will determine whether the 
lo s ses  of bald eagle nes t  s i t e s  and peregr ine  falcon eyr ies  have had any adverse  effects  -.', 

on the reproductive success  of these  rap tors .  Certainly, there i s  no reason t o  believe 
that the Amchitka raptor  population a s  a whole has  been jeopardized. 

The immediate  tes t - re la ted  damage to avian populations appeared to be grea tes t  
among the diving birds inhabiting the mar ine  li t toral waters  within 3. 3 km of S Z .  The 
total number of b i rds  killed could not  be  determined precisely,  but comparison of post- 

: . ~ 

and p re t e s t  censuses  indicated relat ively l i t t le  change in population numbers  of most 
species .  No evidence of mor ta l i ty  to tundra-dwelling b i rds  waa  found, although an uncon- 
f i rmed repor t  of two o r  th ree  sma l l  dead b i rds  n e a r  SZ was received. Because of low 
counts in the posttest census,  the population densi t ies  of e m p e r o r  geese and peregrine 
falcons will be est imated during future field t r i p s .  The long-term effects of Cannikin, 
part icular ly those that might r e su l t  should the re  be any subsequent r e l ease  of radio- .. 
nuclides into the environment,  can be determined only through future studies and com- 
parison of p re -  and posttest data.  ~. 

- 
The damage to sea  s tacks ,  c l i f f s ,  and beach r idges was considerable n e a r  S Z .  

Follow-up studies on the nesting success  and density of the r ap to r s  and coloniaL cliff- 
nesting birds a r e  necessa ry  to de te rmine  how disrupt ive the loss  of nesting s i tes  may be 
to the Amchitka populations of t hese  spec ies .  

Geomorphology 
... 

Two slope -movement gr ids  were  installed in April, 1971, to monitor movements in 
the tundra which might be induced by Cannikin (F igure  21). One grid was located n e a r  the !;;~; 

..:I mouth of U l t r a  Basin in an a r e a  of known, na tura l  slope movements ,  about 2 km south- ;,.! 
e a s t  of SZ.  The second was establ ished on a potentially unstable slope approximately 
1 km nor theas t  of SZ.  These  gr ids  w e r e  piaced in a r e a s  believed mos t  likely t o  be ... ~, 

:i 

affected by Cannikin, and that had r n ~ i m u m  expression of the so i l s  and vegetation range . :. .. . .- 
f o r  that par t  of t he I s l and .  A s u r v e y  of t hese  and the two s imi l a r  gr ids  established p r io r  - 

to L~iilrow was completed in Apr i l ,  1971. A preevent su rvey  of a l l  gr ids  was completed :. 
in September,  1971. These  4 g r ids  a r e  a l s o  being used t o  study the effects  on plant - *. 

>. , ,~ :  ,.... , . .. 
communities (see next section).  

In late October, soi l -moisture levels  were  determined fo r  each  of the soi ls  involved .. 
in each  grid a t  4 depths, one always a t  the minera l  soi l -organic interface,  i .  e .  , zone of 
potential sliding. It was observed that p r io r  t o  Cannikin the soi ls  were  quite wet: how- 
e v e r ,  'all  values were  within the range previously established for each soil  type, although 
they w e r e  fre&ently n e a r  the high end of the range. Except a t  the Ultra  Basin s i te ,  
mois ture  levels  increased with depth toward the minera l  soi l -organic contact. This and 
seve ra l  other  l ines of evidence suggest tha t  soi l -moisture general ly was somewhat above 
normal  just  p r io r  t o  the event;  s ta t i s t ica l  evidence to support this  i s  lacking. 

The inland s u r f a c e  effects  of C a ~ i k l n  were ,  as  expected, more  seve re  than those of 
the lower-yield Milrow event.  Cannikin produced numerous examples of different ial  
movement  a!ong faults.  The su r face  express ion  o f  these  movements was linear s c a r p s  



or  cracks (Plate 2 and Figure 15) .  Of these, major displacements or cracks are oriented 
obIiquely to the topographic grain, i . e . ,  approximately N70-80E following generally the 
trend of the major drainage, or a r e  oriented parallel to or subparallel to the topographic 
grain, L a . ,  N3OE. Displacements along these trends do not appear great, except where 
they may coincide with arcuate fractures produced by chimney collapse where differential 
movement may exceed 2. 5 m. It seems likely that the fault control has strongly influ- 
enced the pattern of collapse fractures. Continuation of the major faults south and west 
of the main road show little surface effects of the event This is consistent with the rela- 
tively minor cliff destruction at the termini of these faults on the Pacific Ocean cliffs. 

BERING S E A  

P ~ l r l l  Point 

PhCIFIC O C E h h l  

FIGURE 2 1. APPROXIMATE LOCATION OF MAXIMUM SEA CLIFF TURF AND 
ROCKFALLS INDUCED BY CANNIKIN 

Fault lineaments taken from USGS Bathymetric and Geologic 
,Map of  Amchitka Island, USGS-474-74, von Huene et a l . ,  
1971, a r e  approximate, inferred from physiographic and 
seismic evidence, pre-Cannikin. ) 

An important, although generalLy not apparent, effect of Cannikin involves the 
valleyward shift over relatively low slopes (to 8 degrees) of sizable slabs of turf., Many 
of these slabs may he more than 10 m2 and involve thickness of about 1 .5  m of a2 or 
b soil (description of soil types in Everett, 197  I ) .  The slides occur at or just below the 
mineral'soil-organic interface, and lateral movement may range up to 20  cm. Cracks 
often formed by Such slab movement between bh and a2 or b soils but sometimes occurred 
entirely in the a2-b. soil. Because of :he thick spongy mat of vegetation, the crack is 
seldom seen. The crack may be filled with water t o  within about 0. 5 rn of the surface. 
Where such shifts took place near the vaHey bottom o r  along restricted segments of the 
streams, ponding occurred. 



In some topogra;;.:ic depress ions  s u r f a c e  wa te r  f lowsugges t s  collapse of the sub-  
sur face  drainage that fo rced  the flow to the sur face .  Not e v e r y  ' ' turf glide" has resulted 
in damming of sur face  flow o r  col lapse of the subsurface drainage. Opening of the c r a c k s  
along the s lape  m a y  resul t  in some  drainage of the immediately adjacent peat, but low 
la te ra l  hydr iu l ic  conductivity will minimize this  effect. 

One o f  the mos t  common and obvious f o r m s  of surface disruption i s  the tear ing of 
the organic  m a t  .and some ejection of mine ra l  so i l  and rocks just off ridge c re s t s .  Such 
a r e a s  a r e  noticeable e a s t  of Teal  Creek  Faul t  (Figure 21) and on r idges ,  especially those 
paral lel  to a ma jo r  fault o r  topographic alignment.  Such c racks  have occurred  because 
'of the proximity of bedrock,  thin cover of organic mater ia l ,  and abrupt change in slope. 
The breaks  probably resulted in a shif t  downslope of the s teepiy sloping organic cover ,  
such a s  has occurred  a t  the movement g r id  established e a s t  of White Alice Creek.  Pos t -  
event surveys of this  g r id  should document the extent of movement.  

Associated wi th  the c r a c k  sys t ems  that contributed to the drainage of the sma l l  
ponds just  e a s t  of the S Z  per ime te r  fence is a tundra thrus t  sheet ,  i. e . ,  a sheet of tundra 
approximateiy 1 m thick, thrus t  eas tward  f rom a shallow basin up and over (0 .  5- 1 .  0 mi 
adjacent undisturbed tundra .  The thrus t  plane was a t  the peat-bedrock (rubble)  i n t e r -  
f ace .  In s o m e  places water  was a l so  ejected. In other  a r e a s  of this  basin " turf  gl ides" 
occurred .  This  combination of dis turbances has  brought about ponding. 

- 
Subsidence and collapse of underground drainage channels will resu l t  in ponding 

and related changes in vegetation which may  be extensive, especial ly e a s t  of S Z .  The 
full impact of this  will not be fully apparent  until the s u m m e r  of 1972. Changes in-soil  
mois ture  and vegetation associated with fau l t s ,  th rus ts ,  "turf glides",  e tc . ,  will 6e 
localized and may not be fully complete fo r  s eve ra l  seasons.  

Significant soil  eruptions produced by hydrostat ic  p r e s s u r e  were  noted approxi- 
mately 1 . 4  krn eas tsoutheas t  of SZ,  another a t  the northwest  co rne r  of SZ pad, and a 
th i rd  in the beach  sands  of Sand Beach Cove, approximately 1. 2 krn north of SZ. All 
eruptions a r e  associated with ma jo r  faul t  t r a c e s .  

Cannikin produced substant ial ly m o r e  coas ta l  rockfalls and turf s l ides  than Mil- 
row- .  These  effects  a r e  mos t  apparent  along the s e a  cliffs facing the Bering Sea, f r o m  
a point just  e a s t  of Banjo Point t o  just west  of P e t r e l  Point (Figures 21 and 22) .  Except 
fo r  the rockfall a t  P e t r e l  Point ,  all  the ma jo r  rockfalls occurred  i n  the eas t e rn  half of 
this  s ec to r ,  a s  did the principal  uplift of inter t idal  bench r e fe r r ed  to e a r l i e r .  P r e l i m i -  
n a r y  calculdtions of the principal  rock  &d turf fal ls  along this  coastal  segment  indicate 
that a minimum of some 25,000 m3 of rock  and turf were  dislodged by Cannikii .  This  
value was determined f rom p re -  and postevent high-quality oblique a i r  photographs. 
T'nis minimum value exceeds t h e  la tes t  p r e t e s t  estimation by a n o r d e r  of magnitude 

. . 
(Kirkwood and Fu l l e r ,  1971). 

Severa l - fac tors  contributed t o  the l a r g e a m o u n t  of damage in th i s  relat ively shor t  
segment  of cogst:  [ I !  the uplift and major - rock-fa l l  a r e a  is bounded by two ma jo r  c r o s s -  
Island faul t s ;  one c r o s s e s  the Bering Sea  coast l ine just e a s t  of Banjo Point  and the other ,  
the Teal  C r e e k  Faul t ,  l ies  between P e t r e l  Point and SZ and c r o s s e s  the Bering Sea coast  
at Sand Beach Cove. Pending geologic confirmation, i t  appea r s  that numerous sma l l  
faul ts  and jo in t . sys tems fo r  which no sur face  o r  outcrop evidence existed occur between 
the two ma jo r  faul ts .  Different ial  movement  on these  s m a l l  faul ts ,  coupled with the 
genera l  uplift between the two ma jo r  faul ts ,  s e rved  to focus energy  in this  a r e a ;  ( 2 )  the 



a .  P h o t o g r a p h e d  o n  D -  14 

- 

b. Photographed on D i l  

F IGURE 22. SEA C L I F F S  ALONG THE BERING SE4 COAST, BEFORE 
4 X D  A F T E R  CANNIKIN 

Banjo Point, - 2 .  2 k m ,  azimuth TO', from Cann ik in  S Z .  
( B C L  photograph numbers +A- 12 and  2B-53. ) 



highly jointed and apparently more-resistant  Banjo Point formation forms most of the 
Bering Sea c!iff between these major faults. Natural erosion of this formation produced 
numerous narrow, projecting headlands. The extent of deep weathering and joint separa- 
tion on the& headlands contributed to the rockfall from the upper portions of these fea- 
tures;  (3) turf  fal ls  and slides were numerous. The Teal Creek fault i s  the boundary, on 
tke Bering Sea coast, between the Banjo Point formation t o the  east and the Chitka Point 
formation to the west. Cliff segments composed of the less resistant Chitka Point for-  
mation do not generally erode to free-standing headlands. They frequently support 
ancient sand dunes or a r e  veneered with sandy soils. As a consequence, turf falls and 
slides were the dominant forms of masa movement produced by Cannikin in these areas .  
Such movements contributed a minimum of 5000 m3 to the total for this coast segment. 
For the most part they involved thin sheets of turf which moved over bedrock on the 
steep (to 43 degrees) slopes, such a s  those just east of Banjo Point. Other smaller 
slides were channeled in natural erosion chutes. Many of the turf  siides, especially 
between SZ and west of Petre l  Point, showed evidence of fluid flow, a s  shown by their 
bulbous termini a s  well a s  by the semiliquid condition of their surfaces several days 
after the event. Such flows were characteristic of areas capped b y  ancient sand dunes 
or where the sand content of the soil was high (Croup b soils ). Sands whose moisture 
exceeds a critical value a r e  easily fluidized by vibration. 

Damage to sea cliffs on the Pacific side was not a s  great as expected. Estimates 
based on comparison of pre- and post-Cannikin photographs place the combined r%ck and 
turf  fall a t  2000 m3, compared to the preevent maximum prediction of 3170 m3. Damage 
was heaviest eastward from Teal Creek, for a distance of about 2 km along the coast. 
Several small  sea stacks were toppied in this area.  In local areas  further east toward 
Ultra Creek, several turf and/or rockfalls occurred. Just as on the Bering Sea coast, 
the location of maximum damage was strongly fault controlled. 

Rain wash and freeze-thaw, especially during the winter of 197 1-72,  will produce 
additional minor rockfall along both coasts. 

Ter res t r ia l  Vegetation 

Four grid plots described under the Geomorphoiogy Section (Figure 2 1 )  were 
chosen for plant-community studies because they a r e  located in areas  where the degree 
of drainage restriction was well defined by soil differences, and the composition of the 
plant communities varied greatly. Vegetation maps were prepared for each of the plots, 
and preshot aerial  and ground photographs were taken of each. 

Because a notable effect of ground shock produced by Milrow had been the explo- 
sive disruption of  moss (turf) mounds (Kirkwood, 1970), an effort  was made to determine 
the cause of this phenomenon. In a crude attempt to estimate internal pressures gener - 
ated in turf  mounds by the detonation, 10  sealed cans were planted -0. 3-rn deep in four 
turf mounds approximately 1 .  3 km f rom Cannikin SZ.  (Similar mounds close to Mil- 
row S Z  had ex'ploded during that detonation in a way that suggested increased hydrostatic 
oressure was responsible.) Sone of the cans planted in the turf mounds were crushed o r  
completely ejected, but some movement occurred in two of the mounds. The two mounds 
appeared to have been compacted by the shock, while the tundra around them had a 
"fluffed" appearance. 

The number of turf  mounds fractured by the shock produced by Cannikin was much 
smailer  than anticipated. Only 7 definitely fractured mounds were found, all just east 
of, and within 1 k m  of SZ. Therewere  fewer of these features close to Cannikin SZ 



than to Milrow SZ, but even some mounds in relatively similar locations did not visibly 
fracture as  a r e s d t  of the Cannikin shock. 

Changes in drainage resulting from Cannikin can be expected to cause shifts in 
the composition of the plant communities in affected areas .  It seems likely th=t the 
relatively mesic c rowberry meadow community, which is most widespread in t'he Canni- 
kin locality, will be most severely altered, with the shifts either to wetter sedge-lichen 
meadow or toward dr ier  crowberry-stripe communities. 

Effects of Cannikin on plant-community structure will not become apparent until 
after  one or more growing seasons, but it i s  now possible to predict the kinds and, with 
some reliability, the magnitude of changes that a r e  likely to occur: (1) plant communities 
that will he inundated by the new lakeis) will be lost: (2) terrestrial  plant communities 
will develop on the exposed bottoms of lakes that drained and do not refiIl with water 
(the f i r s t  stages of this succession will be dominated by sedges); ( 3 )  plant communities 
will eventually grow on surfaces newly exposed by rockfalls and turf slides [this succes- 
sion will begin with bryophytes and be followed by graminoid species (sedges and 
grassesl]  ; (4) two plant communities along the sea coast near SZ will be relocated 
because of the change in soil moisture (this will result as  a consequence of the turf 
slides along the bench-like terraces  just inland from the cliff tops). The dr ier  grass 
community (primarily ELymus, Festuca, and Calamagrostis, s p p . )  will be located fu r -  
ther inland from its pre -Cannikin location, and the sedge -lichen community will, as 
he'fore, be inland from the grass  community. Although this shift will vary greatly= 
according to terrain and distance from S Z ,  it is  expected to involve a 2000 to 
3000-m2 area. The area where the shift will be most pronounced will be between Banjo 
Point and Petrel  Point. In this area  the extension inland of the grass  cornrnunhy msy be 
a s  much as  10 m, though averaging only about 1 to  2 m. 

It will be some time before a complete assessment can be made of the changes to 
the vegetative cover of Amchitka caused by Cannikin. Ecologicar processes on Amc hitka 
differ greatly f rom those in more moderate climates at similar latitudes, and recovery 
from disturbance will be slow. 

Sioenvironmental Radioactivity 

The nuclear tests at Amchitka were designed to'contain all radioactivity under- 
ground. However, biological and environmental samples were collected for radio- 
nuclide analyses since the inception of the current bioenvironmental research program 
in 1967 (see Vogt e t  al . ,  1968; Isakson and Seymour, 1968; and Held, 1 9 7 1 ) .  Objectives 
of  this program a re  to obtain and interpret data on the kinds and amounts of radio- 
nuclides in the Amchitka ecosystems, and to differentiate between radioactivitiea that 
may be of Arnchitka origin and those originating from worldwide fallout. 

During the-period covered in this report, the radionuclide analyses and resultant 
conclusions were the responsibility of the Laboratory of Radiation Ecology, University 
of  Washington (LREI. The samples analyzed were collected by LRE, BCL and its sub- 
contractors, and by F W S ,  ADF &G, and UAz personnel: On-site radiological monitoring 
was also conducted by Eberline Instrument Corporation, and an off-site radiological 
surveillance and public safety program was carried out by the Environmental Protection 
Agency, Western Environmental Research Laboratory. 



Samples f rom the t e r r e s t r i a l ,  f reshwater ,  and mar ine  ecosys tems a t  Amchitka 
... 

and i t s  environs were  collected and analyzed. Seafoods and radionuclides potentially -. 

available t o  man  through food webs w e r e  emphasized.  However, organisms other than 
seafoods were  a l so  collected and analyzed in a sea rch  fo r  indicator organisms (species ::i~ ...! 

Y.. . . tha t  concentrate  one o r  more  radionucl ides) .  Concentrations of some radionuclides ~ ... -. , 

bes ides  those potentially hazardous to man were  measured  to provide clues to the origin 
of radionuclides found a t  Amchitka; the detection of unexpected radionuclides o r  unex- ~.~ , . . 

pected rat ios  of radionuclide concentrations would be an a l e r t  to the possibility of a local .;: 

re lease  of radioactivity. 

The samples collected n e a r  Cannikin, Milrow, and Long Shot test  s i tes  over a 
period of 14 months before  Cannikin were  analyzed for various radionuclides (Figure 2 3  
shows locations and type of samples  collected).  With the exception of t r i t ium in water  
samples  taken n e a r  Long Shot SZ: ' ,  all  of the radionuclides detected were  f r o m  world- 
wide a tmospher ic  fallout. Radionuclides in this category and identified in various s a m -  
ples were :  4 7 ~ c ,  54hin, 5 5 ~ e ,  6 0 ~ ~ ,  652n,  9 5 ~ r - 9 5 ~ b ,  l a 3 ~ u ,  1 0 b ~ u - l f i b ~ h ,  108m~g, 
1 1  OmAg, 1 25sbl 1 ~ T c s ,  1 4 0 3 a - l 4 0 ~ a ,  and 1 4 4 ~ e  - l 44Pr .  The concentrations of the 
radionuclides found were  within the range of values reported for s i m i l a r  samples from 
other  pa r t s  of the nor thern  hemisphe r e  ( see  Held, 1971 ). 

These  baseline data  will enable identification of any local r e l ease  of radionuclides 
at Amchitka by e i ther  qualitative o r  quantitative changes in the radionuclide contont of 
biological o r  environmental samples  collected post-Cannikin. No significant differences 
were  found between the pre-Cannikin baseline samplea and post-Cannikin samples col- 
lected in November and December ,  1971. Some samples remain  to be analyzed, b,ut 
pr ior i ty  in analysis  upas given to kinds of samples  most  l ikely to concentrate radionuclides 
and t o  samples  f r o m  a r e a s  believed t o  be mos t  suscept ible  to r e l ease  of radionuclides by 
seepage n e a r  the fau l t s  at Duck Cove and Sand Beach Cove (Figure 21). It i s  therefore 
unlikely that the r e su l t s  of ana lyses  of the other  samples  collected in November and 
December will change the conclusion that t he re  was no r e l ease  of radionuclides following 
Cannikin. 

Snow and part iculates  f i l tered f r o m  air  a t  Amchitka during the f i r s t  week of 
December ,  1971, contained 12 -day half-life 1 4 0 ~ a -  140La, not detected in samples co l -  
lected e a r l y  in November, and a higher concentration of 9 5 ~ r  -95Nb than did samples 
collected p re -  and post-Cannikin in November. The 1403a-140La and increases  in 
q3z  r - 9 5 ~ b  were  f r o m  worldwide fallout generated by the Communist Chinese a tmospher ic  
nuclear  detonation on November 18, 19 7 1;  they w e r e  a l s o  seen in rainwater f rom Seattle,  
Washington: 

*Slow seepage o l  rIirium ro the surface from Roiecr tong Shat is a welldocumenred special case. Ahve-backqrcund Ievelr of 
r~irium in ru~iace and subsurface water samples coilecred near Long Shor SZ (Long Shot mud pond: and drainage ditch::. m a l l  
narural p r d s  adjacent ro SZ, and hydrologic rest holes Located 180 mereE cr less from SZ) have been re~oned 5y Carragnilla. 
1969; Esji~gron, Forslow. and Cartagnola. 1Y7I?: and Held, 1971. The highest rririum ccncemration reporred in rhese Long 
Shot surface-ware&amplez was abour 1.4 x 10-5 uCi/ml, some 30 rimer a: high as char in backg~ound samples collecred at 
Amchirka locacior.s dijtanr fiom the Long Shot site. However, rhe highest rririum levels in surface dater i ~ o m  rh* i-ichit? of 
Long Shor 52 se r e  srill well belaw rhe Concemrarwn Guide c i  1 x 10.3 UCi per rnl 01 wareI. accepted by the U. 5, Aromic 
Emrgy Comrnisricn as a radiarion-p~otecricn srandard for continuous exposure o l  ppularions in an uncontrolled area (USAEC 
:>lanira!. Chap. 0524, Stardard; tor Radiarion Protection). 

Analyses oi Amchirka seawater a n d  freshwater sample; icr Tritium are now k i f g  carried our by rhe U. 5. Geo!cgical Eurve:;. 

Tritium in commercial seafood producrs from the Norrh Pacific and Bering Sea fisheries k being monirored b y  The Ear-ironnenral :. 

Prorecrion Agency. ItreiteIn Environmental Resea~cti Labo~aro~y. That laboratory is also meaiuriilg the tritium conrefr ot senain :' 
- .  

biological samcle; collecred in  the marine environment around the Island. 
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FIGURE 23. LOCATION O F  SAMPLINU SITES F O R  RADIOACTIVITY STUDIES 

The Limita of detection for each analysia depends on the size of the sample available 
and the concentrations and kinds of other radionuclides preaent in the aample. In gen- 
eral ,  the limit of detection for gamma-emitting radionuclides in biological samples was 
less  than 30 pCi/kg of f resh  tinsue, o r  approximately 11100 of the concentration of 
naturally occurring 4 0 ~  in fish flesh. The limit of detection for gamma-emitting radio- . 
nuclides in seawater separated with a large-volume water sampler (see Silker, Perkins, 
and Rieck, 197 1 } is approximately 1 o - ~  pCi/l water, o r  approximately 1 /30,000 of the 
concentration of naturally occurring ~ O K  in oceanic water.. 

An  &sn gamma probe (Riel, 1966) was alao used aboard the MIV Pacific Apollo 
during the testtime period. With this instrument, gamma-emitting radionuclide concen- 
trations at specific marine locations can be measured within a few minutes or hgyrs of 
release, depending on the limit of detection being sought. The gamma probe is  a less - 
sensitive method than the large-volume water sampler; for example, the limit of detec- 
tion for  95Zr in seawater with the probe is  approximately 1 pCi/l water for a 1 -hr count. 
On Df 1, four sampling locations in the Bering Sea (Figure 2 1 )  near SZ showed no 
detectable gamma actrvity other than that from naturally occurring 4 0 ~ .  This result is  
consistent with the results of analyses of large-volume water samples collected on Dt3 
at Duck Cove and Sand Beach Cove; concentrations of g52r-q5FIb were 1 x pCi i1 



and 1 x 10-4 pCi l l ,  respectively. The concentrations of 9521 - 9 5 ~ b  measured at both 
stations on-D+Z8 with the large-volume water sampler were 4 x pCi/l; the increased 
concentrations also reflect the increase of worldwide fallout from the Chinese nuclear 
detonation. -. 

No  radionuciides detected a t  Amchitka a r e  attributable to a release from Cannikin 
or Milrow. However, sampling and anakyse s of a broad spectrum of biological and 
environmental samples wiiL continue quarterly until June, 1972, then sampling will be 
conducted less  frequently unless radionuclides that can be related to either Cannikin o r  
h.l\.Iil row a re  discovered. 

The on-site monitoring for Cannikin, conducted by EIC, involved the use of a 
Remote Area Monitoring System ( R A W ) ,  which meaaures gross gamma intensity, Air 
Sampling Units (ASU's), and Thermoluminescent Dosimeters {TLD's) .  RAMS units (18) 
were located in a circle of -760 m (2500 i t )  radius around SZ, at SZ ( 2 ) ,  and at the 
Recording Trai ler  Park (2). Two TLD's were placed at each RAMS station. Battery 
operated ASU's (9) were located at alternate RAMS stations in the a rc .  Gasoline-powered 
ASU's were operated at the Main Camp, at the Control Point (NW Camp), and at two sites 
near Infantry Road, one -1740 m (-5700 f t )  eastsoutheast o i  SZ, the other -1920 m 
( -6300  f t )  northwest of S Z .  

On D-day all RAMS units functioned properly up to zero time. As . a  r e s u l t ~ f  the 
detonation, one unit at SZ, one at the Recording Trailer  Park,  and one unit in the a r c  
failed because of wire breakage. The other RAMS units operated reliably until they were 
shut down on D+4. No radiation levels in excess o f tha t  from the ZmR/hr check source 
located on each probe was observed o r  recorded. 

Air-sampling units located with the RAMS unitm in the a r c  were started automati- 
cally a t  zero time by a seismic switch and were operated through H+48 hours. Analysis 
of the filters and charcoal cartridges from these a i r  samplers,  by  gross gamma counting, 
showed no event-related activity; the limit of detection was 10-12 pCi/cc of a i r .  

The gasoline-powered ASU's were operated from D-1 through Dt4. The filters and 
cartridges from these samplers showed no event-related activity. 

The 36 TLD units (two located a t  each of the 18 RAMS units on the 820-m arc )  were 
recovered and read at approximately Df 10. The readings indicated no exposure above the 
preshot background accumulation ra te  of 6 mrad/month. 

EIC also carr ied out an environmental sampling program designed to determine the 
l'evels of various radionuclides in vegetation, soil, and bottom mud from st reams,  in the 

- immediate a r ea  around Cannikin SZ,  the postshot drilling pad, and the surfaqe drainage 
systems nearest  S Z .  Collection of samples was initiated in August, 1971, and continued 
through D+8. Analysis of postdetonation environmental samples showed no evidence of 
any contaminjtion resulting from Cannikin. . 

An extensive off-site radiological surveillance and public safety program for 
Cannikin was conducted by the Western Environmental Research Laboratory (WERL) of 
the Environmental Protection Agency. The WERL program included a wide range of arr 
sampling, dosimetry, and environmental and foodstuff sampling and analysis, at stations 
in the Aleutian chain, the Alaskan Peninsula, and the Alaskan mainland. This off-site 
radiological surve~l lance has indicated no change in environmental radioactivity back- 
ground level s a s  a re suit of Cannikin. {U. S. Environmental Protection Agency, 
Western Environmental Research Laboratory, December, 1971. ) 



SUMMARY 

Concerning the bioenvironmental consequences of the Cannikin nuclear test, the 
most important findings made during the period covered by this report can be summa- 
rized as  follows: 

a During posttest beach searches, 18 dead sea otters, three injured 
sea otters, two abandoned sea otter pups, and four dead harbor 
seals were found, The number of marine mammals killed by Cannikin 
cannot be determined precisely. 

a Individuals representing at least five species of marine fishes were 
killed. Of  the -300 dead fish recovered, most were rock greenling 
found on an uplifted intertidal bench area. The number o l  fish 
killed in offshore waters is  not known, but the investigators believe 
that thousands of bottom fish may have been killed, a s  indicate& by the 
reduced catch per unit of effort of rock sole in the Bering Sea adjacent 
to SZ. 

Invertebrate animals and plants were affected locally in an intertidal 
bench area on the Bering Sea coast that wan uplifted. Par t  of the area  - 
was buried by cliff falls, and the uplift of the bench is causing die- 
off of some algae, and die-off o r  migration of invertebrates that 
cannot adjust to the change. The affected area i s  about 2 km Iong, - 
and comprises only a small fraction of the total intertidal bench area 
of Amchitka. 

Six lakes were drained, ten were partly drained, and one large new 
lake is forming. It is  expected to become one of the largest and 
deepest lakes on Amchitka. 

a Several hundred Dolly Varden, and perhaps 10,000 threespine 
stickleback fishes were killed in the freshwater lakes near SZ. 
Live, eyed pink salmon eggs emplaced in stream gravels within 
15G0 m of SZ survived the detonation with little reduction in 
hatchability. 

a Eighteen dead birds representing seven species of waterfowl were 
recovered during the ear ly  post-Cannikin surveys. While the total 
number of birds killed is  not known, comparison of pre- and post- 
event counts produced no evidence that Cannikin affected-the popula- . , 
tion density of any species. 

a No dea-d bald eagles o r  peregrine falcons were found. Six eagle 
nestinfsites were destroyed, two of three peregrine falcon eyries 
located a t  Petre l  Point were destroyed and one eyrie damaged by 
h,lilrow was further damaged by Cannikin. 'The six eagle nesting 
sites represent about one tenth of the sites occupied in any one year 
by the 55 -60 nesting pairs of bald eagles, but numeroua suitable 
alternative nesting sites exist. About 18 nesting pairs of peregrine 
falcons a r e  on Amchitka. Since peregrine falcons exhibit a high 
degree of nest-site tenacity, i t  is  not a s  yet known how the loss o r  



damage of three eyries will affect reproductive success in succeed- 
ing seasons. 

~ G k f a l l s  and turf  slides of about ten times .greater magnitude than 
predicted occurred along about 5 !un of the aering Sea coa6-t adjacent 
to SZ.  I t  is  estimated that at least 25, 000 m3 of rock and turf 
were dislodged along this section of coast. in all other coastal 
areas'the effecte were minor. 

Numerous cracks and low scarps were formed in the tundra at the 
time of the detonation and when the subsidence crater  formed. 

No increase in background radiation levels attributable to Cannikin 
were detected in posttest sampling. 

No animal, bird, o r  fish population on or around Amchitka fsland 
was jeopardized by the Cannikin detonation. 
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APPENDIX A 

CANNIXIN LiltUIIND MOTION AND WATER I'ItESSUKES 

CANNlKlN G R O U N D  MOTION AND WAl'EI7 P H L s s U k E S  

Four pro )aa t a  r m  r a l ruan t  t o  b ~ u l n ~ l c a l  c ~ p ~ c u ~ ~ ~ c n l . * ~ s '  % w u J  tuy i n l u r r r ~ a t i o ~ ~  un 

g'ound nnlntlo,i and  w a t e r  p r ~ w ~ u r a w  r e a u l t > r g  i r u m  Cannlkln. Sahd la ,  rr p a r t  of rh. 
Lrvrrencc I . $vennnr r  L a b u n t o r y  t n e h m c a l  program, rncasvrvd unllerytvvnd and surlarc 
r rc-*lemtinna rlld u n l o c ~ t ~ r r .  Rvlcvant dhru 11-n111 ~ h i r  ~p ru j ec t  a r e  ~ a h ~ l a t e d  in Tdblc  6-1. 
l ' h r  Ei6rlll S 1 : ~ ~ l l l - ~ r  I.*lr,rrll>ry u l  NOAA I l u r m u r l y  rho Cuaat r!jd C s o d ~ l r c  Su rv ry l  me&- 
8ur.d around motrun ~ 8 t h  a e i s m t c  ~r twtrurnrnbl~ a* i n r  a w r y  as Shenlya a n d  ~ d a k  ( W e s t  
dvld C h r ~ a l ~ e ,  lr1711. Ih*lo.vdnt rl.1~ Irom tlltn jprnluct r r u  njvcn i t ,  'f'ahla A - 2 .  Sa#adra, 
n a  par t  .,I #Is. NVUU t,ii.-- 8 -  pr lagrdrn ,  inelall@,d .a runtd,rl. u l  nc t i vc  hnd paaswe  ar.tu1.r- 
o l l ~ r l c r r  a d  pr(.apLIr~ ~ + g . a  YL potnta 1~~~~8~d11 ld t a :d  wlllb C X J I I ~ V ~ S I ~ ~ ~ I ~ ~ . ~  o f t h e  ~ I Y C ~ Y I I Y O -  

nlonta l  ~ I O @ I . & I I I .  ( A ~ t n v r  \ ~ * g v s  arn RARPI and ra:cinrdi,ng syrt.881~ that v ~ c l d  the w h ~ l e  
h ix to ry  the pl~encbmanuc~ L*:inp ~mnuarur~rl; pa r*#vu  Hausa +rc &el l - r eco rd i s>g  urges tha t  
tndrra to  only  t h c  lwak u a l a ~ e r .  I l l o l cua r~ t  nt..cleratwnw i rum i h ~ .  p r o j e c t  a re  plus" in 
Tdlrlr  A .  I ,  dnd pruasurr  d-I+ in T A ~ I ?  A--1. 'C11d: 11011111:3 a l ~ l  N a r V U I .  ~ Y T V B Y  C ~ C W  mea- 
sun:d  ~ h .  l l e a ~ h i x  o f  n n r r r t  r8tnrnber n i  1xlinak " 1 )  l and  belaro ~ n d  a t t o r  Cannikin, t" o b l ~ i t l  
i n l u n n ~ t i o n  on ~ p l a f t  or mubs~dunce  crf t l l u s r  point.. A aul@:ction trf such data. including 
a l l  c v a % t r l  JPLr now 11, bl.nd. I* R I V I I ~  I t1 l'abl.> A-5 :  1111. 1111.~11(111. (11 a L L Y X ~ ~ S I .  u1 the 
r u r v c y  pa31n18 are r h v v n  un i'iyurr R - H .  

T l ~ c  s a n d i a  uuri*cc maruuralrwntw rlld n c t i v r  m a a ~ u n r e m n n t s  of  w a t e r  pressure gave 
1irnlt.d cvvcr ran  bau~u.e ~ l ~ n n r r t o r  w v c r  w*" lua t  1 .8  *cr-unrl%: ~ f i v r  ihn  dd~ : tn r l i on .  An 
a r c w l l  AII d*tn l rvrn  %tanoo 5 3 3  u v r o  l ua l ,  and &lap-duwn ,xllaea wcre loa t  on r e v e r a l  
~ l h * r  s t r t r ona ,  i n c l u d i n ~  SD4 un rh* l I * t . ) ~ r ~  S#:a bo;hrlr. l lCxpor lc ,~ce  r r y a  llaet the l a r g e e l  
+c rc l c r a tnnn  a t  eur lace aeru ~r neunlly the i8r.t ~ x l l i ~ ,  h V - l  in T a b l e  A - I .  T l l r  l o s s  nf 
t n l r + ~ ~ r e d  ~ I ~ ~ - d o w n  pu I~=m,  AV-L ~n T r h l e  A - I ,  at %tat lor#  SU and  S O - i  i s  probably  ilaus 

r r , t l l ~ l . )  ' ryplca l  uertlc.1 a r c r l r m t i o n  ;and ~ ~ l v c i t y  raeords (rhosr lor  s t r t i o n  SFSS\ 
w l ~ , > ~ ~ !  b lgurr : i  A I rlld A-L. T h e  .rh.:l..r~ttunl pulcc o i  I U  g at 0. 55 ~ c c u n d s  is =I 

" I I Y C ~  a r r i v ~ l .  Ve lu r l t y  jump. tn 'ZU < : m / w c c ,  then d r c r r a a r a  at tlle I-s.  r a t e  aynlplau~h- 
t c  1 I . , 1 i k  1 8  I  I t i e  r e .  Whet, rhc m a l e -  
rial h ~ t x  r ~ a t n  at I .  55 ar ramd*.  llbrru i r  r r o ~ u n d  0 8 .  a l a p - d o w l  a c c r l c r a l i o n  pula. 
11, y ,  and vrlv*.ity return* t t ,  near zero. 

Pwak u a l u m ~  U I  rhovr u m r t l c r ~  *crnlnr;ntluns I A V ~ I ,  as W O I I  a. rho$elrvr l l  ina t ru  
,r14:nt. w h i ~ h  inlmaaurcd vnly  poaka, are lplvttnd v r r a u x  rlibnl ranre ( H I  from th. ~ ~ ~ d r r -  
gruuxld %hat pzlnt in F ~ p u r e  A - i .  T h e  n l a l ~ % t > r a l l ~  bcnr 1in .a~ f i r  in L h ~ a c  datr i r  
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TABLE A-5. SOMh! SURVEY RESULTS 

. . 
Surface Zero  5,704. 186 646,322 a. 207.68 l91.70 -15.98 -4.87 
Ci=c=to*t down 4018 6650 , 17 117 -50 to -60 ;IS to 111 
Crsrtoatup 4 6520 1 37 150. 13 5 6 . 5  76.40 11.95 

USCS 1B 7261 4502 3.57 329 20.099 20.390 1.291 t. 09 
TP 71 ? I 1 0  4733 3.33 331 15.503 15.189 +.2% . t.09 

USGS 5$E 6472 5360 2.48 331 2.900 3. 150 t .250 .08 
T P  113 f,286 5528 2.2s 339 1.080 1.387 t.301 .09 
TP 119 d l 0 0  5654 2.03 141 2 . 4 6 2  2.938 t.476 . 145 
F R l  UtOU 5560 0825 1.46 20 1.901 5.415 +3.508 1.07 
F R I  < I  5590 6869 1.51 21 2.485 5.178 t3.293 I.OU 
F R l  .:Z 5032 6940 1.57 23 2. 113 5.329 +3.0l6 .92 
FHI .:3 5575 6998 1.54 16 3.395 6.325 t2 .930 .89 
F R l C 4  5542 7058 1. 54 28 2.202 4. 579 +2. 377 ,125 
TP 155 5476 7235 1.58 35 0.711 2.485 t1.774 . 5 1  
F R I  .-6 51H0 1286 1 . 5  39 1. 185 2.934 11.749 .51 
T P  158 5350 7280 1.51 39 7.211 . 9.098 11.887 ,575 
T P  160 5J I4  7352 1.53 42 0.965 3.234 ,12.269 .1,9 
T P  I 6 1  5102 7415 1.56 44 1.570 3.721 42. l5Y . 61, 
T P  I 62  2.264 4. 167 11. YU3 .5H 
T P  163 52n4 7508 1.62 47 1.205 2.417 f1.732 . 5 >  
T P  164 53112 7571 1.67 48 7.004 8.114 41.710 .5L 
T P  166 5ZOY 7598 1.64 51 1.4711 3.567 t2.089 . f34 
T P  167 5149 7634 1.63 54 0,421 2.612 t2 .191 . L 7  
T P  170 5U20 7715 1.62 59 1.956 4. I 4 5  tZ.789 .85 
'TI, 171 50418 7 7 9 ~  1.68 6 1  1,260 4.310 13,050 .93 
TI> I 1 4  5077 7900 1.81 6 1  0.1145 2.591 41.946 .59 
T P  176 5020 7937 1.82 63 0.819 2, 1'12 t l . 3 7 3  .42 
T P  I 17  5044 7982 1.87 63 2.626 4.424 11.798 .55 
TP 178 5U89 8000 1.91 02 1.U36 2.381 t1.145 .4 I 
TP 180 51102 806U 1.92 65 1.503 2,905 ,I I .402 .41 
T P  181 4963 8111 1.96 67 1.7L9 3.148 t1.41Y . *I 3 
TP 1112 4930 H200 1.02 69 1.351 2.775 t l i 4 2 4  .43 
TP I 83  4885 8225 2 .01  70 2.885 4. 117 +1.232 .3B 
1'P 185 4843 8315 2. 10 73 0.447 1.729 +l.282 .19 
TY lY0 4930 8372 2. I 8  71 2.080 2.912 1.832 .25 
TI> l Y l  4948 8402 2.22 70 1.597 2.470 +.X73 .27 
TP 192 4915 8420 2.22 12 1.700 2.777 +.1177 .27 

Saw<:r: U. S n r r h u l c .  ~ o l r n ~  firnu H.rr*r r,du*eyun polvrze ml>>l>lu.il:ltiull. 

I, . l*"X. 
(, - .i,,,,,,,l,. .. 
I>'." I'lyuru A-8. I I, 
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FIOIIRF: A-  3 .  PEAK ACCKI.LR(\TIONS VEKSIIS SLANT RAN1.E 

L~IOIJKE A - 4 .  PEAK Vl<l . t r l~ l l ' lLS Vk:RSlIS 51.ANT RANLL 

Th i r  IItted curve ir = h u t  511 p r c c n t  abuw pro*laot pradiclwna aueilablc to biulngic.1 
,>rugrani ~ n v ~ ~ l ~ g r t ~ r ~ .  lndlurdhh~l lwdraru vary by r factur of twu about tlua fitted curve. 

SlnnilarlY gcak vrludln of vert ical  ~ e l u f i t y  fUV,,,8,:(:I r r o  plutrsd veravr  .lant 
rang? 1x1 in Fayure A - 4 .  Thr  ~ l d t i l t i r ~ l l v  hoar l incar f i l  1 5  

Uvem/.cF 

This fitted curve ARrecC w r l l  with prenhot pr*drclionc. 

P r c a ~ u r w  1llcrrur811~enLw were tlxadc w t h  t ~ r n c . ~ u ~ u l u c d  and with pak-maasur in% 
in%trumcnt.. bul  only in shallow wndw and alrcdmr o!, land. It>wtrumonta werc nut in- 
r t r l l od  on F W l ' a  fish-holding p m s  t o  nxerxuro pre.wrea II roa b e c a u ~ c  had weather kept 
the pcn8 l r um b e r r l ~  d.ipluycd. Mnurnla ui inatrurrtentx In )und= and xtrsmwa cnnsisted or 
Blake. dlrven lnto t l l r  bottom ur wc>ght8 r e s r l r g  061 tlxc butturn, holdinp  apes :ith therr 
~enai t tvc  element* luoklnfi ilbdewrya l t l l r  ro-ria1l.d %adc.-urt in<laitiurl, with dharhragnl 
ue r t l r a l l  su ;lm 11, nuuld rnadtrl. dyndnlnc prcrxul.?.. 1,'bve ilrn#:-rsaulucd rcrordn ra-  
mulled, two each !I> lakes DP m d  DK, and unc Ir Idkr H P .  Thrae arc .how,& tn 

Xayurc A " $ .  A l l  ~reeurd~  whew an in!tnal alc~wly va81ny rnd  Iallhng pulse, thy one in 

F IBY~C A 5a ~ 8 t h  III .WIPIIIY~C YI ~ h o u f  40. 1 ~ ~ n n o ~ ~ ~ h e r ~ ~ .  They L ~ S I I  fa l l  t o  a cYn.tant 
IeYrl ur ilbob1 -11. 115 ~IIIIOWP~CF~, YII~ rd.111a111 th.-vc uralnl a ~ e r u n < l  aip,bal, ~tnl... puwcr 
a 1 % .  (Ilu e r t r A  vp%kr >I  1.1 ~ c c n n t l ~  I. a l,ower t r l l>atedt  1prcSez1l iun a11 record., 
and 6. tu br ~glaurcd. I I n  Flgurr A-5* rhe ac*onnd r lpnal  6. ;r unry .hrvl,ly rising alyna~ 
t l lrt redr l l rd an npparent amplntude c h i  2 .  1 aImompl~erc. The f t ra l  1,rexaure .igml is 
~ t ? l ~ r p r u l * d  be~ng thr i t t l r r r l  prodnd xh..~k Y ~ Y V C  c~>!>tnnny into llle watrr lr(>nl 11 ,~  
hl:ll,~, ltnlatrd to luw p m s w u r e ~  by r r f l u ~ r i o n  i n  tvrlanun f rom Lhc upper urster .~rface. 
W r l r r  r r  thrnwn intv tho w r  at  t h i r  tllne, m d  thcrcal lnr  bvth gruurld and the water 
n V C I .  I t  are: ~n free fall. Thn gagemrcliuvrd u f  ths prc3:;ul'u o f  the water v v c r  11, reads 
A ~ t c a d y  -0.05 atm. Phuruyrrphy u l  UK lake and a aedrby lll>n*nrtcd Irk. indicates tllal 
rhlrnng 1111~ t l m , t  the wurlar-e nf  the uarsr  vine. Iarror  thdrn LIIO gruund, and Lakc. on a 
white fuarny dppc~rrren.  I t  1% thua p l& r i b l a  tlnvt the gape i~ orat of  watur, but i f  so the 
8tcadrnnk. .,l'rllr r r c ~ ~ u r o  obuarvcd lrnpllca that alr'ham nnter rd  thc i p ~ ~ ~  around the 

gage, Thc aeeond pu1.e ir w t  *.I1 expl*lllcd. P1,otu~rdphy ~ t l d i c a r o ~  Il lat i t  ofr-or. a l  
th. t~sne or ~ l ~ p - d o w n  l m p l l  u lonurr l  in the bedrock u#ndcr l rng the Lake. The surface of 
the wdcr ~ : ~ ~ t i n u r r r  tn n a e ,  f ~ n r n r  than bclore and with a rrnura i v r r y s l a r  and ~ p i k o d  
apparancc. 

Thore 41% two w..ibl~ ~ x p l ~ ~ ~ a t i ~ n ~  uf  the cneo~lrl  p ~ n l ~ c .  Olbc wes ib i l i t y  i s  that 
tile ~ ~ ~ r l y n p  watnr has bwcn throw,, l r c r  n l  liar ~ a y n  and the ubrovvcd r igna l  i s  a 

r s u p n a r  Lu ~ l v d  and v r k r  bottosn rn~t*r,alm thrown up by  the slap-down acceleraliun 
1 ,  In Lhas ,-a.c. rhc nxfi l latxvnr of tire %.;<oud p u l ~ e  rosn 1 8 1  cxrrndcd time auale  an 
r lpurc A - a  r ~ t ~ r l l ~  ire due to the i r rcgu lnr  i t . t~urc  nr rho Dutlunl corriing up, Flgsre A-ha,  
un the nt lwr haod, hail ~ , l l y  a rrngle ~ p i k u .  l lnc l in ld enKlrlrcv reports that lako nP had 
a lhdrd h<lltt.mm a k ~ u t  15 cr l#  (0 in rh** l  l l n ~ r l ~  w l t l ~  801, n l * t ~ T ~ d I  holuw that, and that this 
lnyl:r w.h* r ( l l u i - ~ ~ > t l y  in!><l<*turbed a i l ~ r  C A ~ % \ , L > ! > ,  ~I~PIIVAY 1-k~.  X> lb  and DK had r v l l  
, l l v c k y  ix2ttcjm3. 'rhc dllinrulli:e ~n l u ~ t t . , ~ ~ ~ n  1:; ,. z*t.awre:nt wrth l l x r  d i f f ~ r e n c c  in  wave 
M I ~ ~ ~ W ,  I?,>dr wea~l l t  LLI the Ihyplthos~b tllvt fllv 8rca,nd prsleurc pulse ie d re#prrl8e 

LO tm t to ,~~  1 1 1 a ~ e r t ~ L a .  



. . - . :w d I C e  D l ,  Lul-ulla i l K - 2  l!*l.Mldl runs. I JLn. O ' m u t h  13Y.l 

- 
q (1 Pr-lure ul ~oeolton DP- I I W R  2 1 hm . B  203'1 
Y 
* 

- 
: 



A - I L  

T h r  sccnnd ~ ~ s i h i l i t y  I S  I l la t  !he s~r-rind pulse o b r c r v c d  inn tho p r c s ~ l ~ r c  t.ecurdr 
i s  rea l .  S i m p l ~  lhcnry (Newtunor  Seclrnd u i  M v r i o n l  i n d l ~ a t a .  thnt  the avorage p m a -  
lure i n  ahal low p n d %  r h o u l d  bc: r E l l l c d  tn the i l cu r le ra l i noa  o i  l h r  h n l t u ! l l ~  o f  t h e ~ a  potldr 
X I  

A 1110te com[,l~calrd theo ry  l h r t  recounlw for i.eiler:lionn w i t h i n  thc l a y e r  ul wate r  
I M c r r i t t .  1'171l4, appl ied l u  r h a l l o w  w a l o r ,  indrualcs t h a l  i u r  wr\,aa whusc acca le r r r i nna  
r i s e  t u  l h c i r  p+ak in t imy. r h o r t a r  llaan t h r  re f l ec t i nn  t i m e  a n  thc water ,  p r o c e c ~ r c  in 

the w d l r r  oucr.l~uot% and  u~c : i l l a tos  abvut  what the x i rnp le  t h c v r y  would p m d i c l ;  wlxcmaa 
fo r  w a w x  whose r i x a  t ime. aro ln l iger than r e I l c c l i o n  t i m e s  in the wa le r ,  p r e v s u r e  $01. 
lowe whdt the sillsplr t h s o t y  wotrld p ledar t .  Ut lder  th in  hyp01hc.ni the rn i t i a l  pve.aurc 
pallsr o b r s r u e d  r a c h  o f  Ole*r r ive gaper i r  2 rhur~usc i l la tory  resv,taae L O  tho ~ l o ~ l y  
=pixlied l irrf r c c r l e r = t i u n  p ~ l r c ,  and tlar ~ r r n n d  pulse i s  t l l r  u s r i l l a t o r y  rcxbi l t  o i  A vcl-y 
*ha rp  ~ l a p - d o w , ~  a r r c l c r a l ~ v n  pl11.c. 1 i  l h i r  ha L ru r ,  thcae prcrxa l re  r r i : u r d r  ran, al.d> 
bc  i l l t ~ t p r ~ f o d  a. .~:,:~IoI..tlo,, rc rnrdw.  Two n i  i b r  ti"" hapwn rn he tledr .cea1eratiun 
Raga i n ~ t a l l * t i o n w .  T h o  yresaurr  r e c o r d  at  DP l l l l e r p r c t e d  a r  ~ c c e l e r a t i a m  yield. 2 3  n, 
the a c c c l e t d l i u n  the re  i l ~ c a r l t ~ . e d  d i r s c t l y  22.  5 g. S i m i l = r l y  the roaul l .  DK L arc 

3'1 I: and 'I 3U y .  011 l l l c  u l h ~ r  itand, cntl~(dra.un AI v r u e n  pori t lurns b c t u ~ u ~ 8  ~ c c c I o I . . ~ I I Y ~ &  
d c r i u p d  lro,n prak  p r c ~ a l a r c a  mea.url.d h y  paas ivr  g ; l g e .  II', In T a b l c  A -41  aud ~ ~ ~ e l , : r -  
a l i un r  r a + d  by p o a k r u a d i n g  a e c r l r r u m o t c r s  i A V  i n  Tab le  A-31 are mhich leas ra tasfdu-  
t o r y ,  d i ~ i e n n ~  g c n c r a l l y  b y  a f a c ~ u r  uf rwn. Tlli. d i r c r e ~ n r y  could, h o w u v ~ r ,  bn due 
I* un.rtisi.i-1ury gag... 

I 'crhapa t h e t e l l - t r l w  ~lbsc~vat i * lan I~~YIII Lhvhr B C E I I ~ ~  p r e e s u r ~  1p111$~~ 8. Lhiht 
de r i ved  frulxl tho b t u i o p i r a l  nx)w..rirncntr, l ' u ~ l r h o t ,  olany st ick leback w e r e  ub=cl.ued 
k i l l e d  h y  apparently Cartnikin-l.ela1.d i n ju r i v8 .  'Thaw (,ah, cnna idc rsd  as b lu log i r r l  
p r r a a u r c  g+gea, i m p l y  that  i h c  neeorld p r c r r l l r e  pu l r ca  m r a ~ u r c d  i n  i r s ' hwa l r r  pvndc 
were indeed veal. 

In  Tab le  A-4,  the apparent p rv~sunro r  du r  to s lap-down are  tabularod i n  d cvlallmn 
ha rdad  I,$; those due to rho iird pulse 11, a co lumn lhradcd PI, T h s r a  l a  every  r**.an 
to b r l i s u e  that  i t  tho arllvu gages,  how n p r a t i n y  principle was a m e t a l  d i a p t r a y m  
actuat ing r var iab lc . re iuctance pickup, r c rponded  t r ,  the .lap-down: then th. p ~ ~ i u n  
p g r a  '1.0 r ~ a y 0 n d r d  similarly to the .Lap-down, saner their upc ra t i ng  principl+l waa r 
d iaphragm puahhllp an i nden te r  i:utring s o i l  rnc r r l ,  T l l c  pas r i ve  gays. w e r e  nut  a i i ae l cd  
b y  the 1.8-second p w a r  lose,  su that tlarir r s r t r l t a  a r c  an upper  l imit t o  l l l c  p r o ~ u t ~ r e  
where Uxry warr.  

I t  hr. bcen o o l r d  by E v o r r t t  o l 0 . S .  U,, by  tho U. S. Geological su rvey ,  and 
u l h c r x  that  the yu t fe rn  pcmmnhrllt ~ ~ l i r ! b  rntd ~ubridnnc.8 arc,llnd C a r ~ n i k i n  i k  I n r  l r v m  
6yanr~1r t r ie  (VIIII LIXC I O W ~ ~ I  ~ i n t  hail!n d isp laced irorrx . u r f re r  zero1 and  that t h r  greatest  

a ~ ~ a n t a l  d181urbanlls wer-  h*tv.en ~ d { ~ , ~ n t  tdulfc I c ,  lint nurth  arjd r u u t h  m i  Canntktn - 
not 1lr.L t h r w  w r r  rill dlslur lwn.r .  beyond, 1u.1 i r l u rh  icws. U j l l l i l  ~ f r  111. B e r i n g  cudat 
(Table A-51 18 L LO J lvlr l r .~ thu ili c:nn lprudlc:~rd f1l.l.e. Inl r ~ d 8 l . d  i>c~elera~inlls, how. 
c ~ t l r ,  w e r C  \I.>\ 1urll1re:d LC, t h t -  r,.nmn blh n u  1F1tul.u A -  1 in,l#curc.r w e r e  nenora l  uut to 
A d i n  i r ,  T h a l  tnuut n i  Il8l:rc I ~ i g l ~ - u ~ : c ~ l ~ r i ~ l ~ u ~ l  n lu i ls~t rch>?r l18 wcrc made olj 
f ~ b e l v e  y r t e w  auy.nl*lw 1111: p r * + u , ~ u  u l  a ~ y * l u m a t l * '  v r r u r .  I l *~w<:var \  l I ~ e  fu r the r  KO- 

in r tdvt tua t h ~ l  AII the flrm,c-rc%crlrud u r  *. t ius n1ta:dnt1rt'llto:1tt~i t o  l l t l s  d is ta l lcc  have wave 
n h s p .  ~ndxc;llluc: 01 an iu~1de.rly8np ~pl l  *u$guwLr lhal l ltt:sr ibigln rr.nrlingv arc mrl. A t  
11x1~ p ~ t l l l  i n  ~ I W C  l l n r  I M Y ~ ~ C  C~IIIIUI 110 r e ~ u I v ~ : d ~  

171111111y, whal wcr. 811.. ~ p r u % r u r ~ *  inn Lh#: &.la lu 1.11111-1- ~ t l d c  1 8 1  II~c i s l a n d ?  And i n  
p a ~ l n r . ~ ~ l ~ ~ ~ ,  were th4.r~ vlsarply P ~ W V ~ "  ~ p ~ ~ l ~ ~ ~ ~  r ~ i  1>r<:%%tm1'#: l l ~ d , r , > ' ,  0 t h  M n l r ~ ' ~  dire,.( tnted- 

rururna:ntr were  r n r d r  n i  ~ ~ r ~ r l r r w a t ~ r  pra.xrttve la , tc l  *,:P I~YIII. I I > O ~ , Y ~  (MI~I.F~IL, 1'1(l1). :: 

1,hur uut nl l l v v  M l l r n w  irtl.,#3htrnnlc~bl st. t t inl l*  ( W 8 .  I I. Ifr, L l l l  xl.re in a t,ugiun n l  1"- 
r i l l l c  #pa l l :  t w n  I W 8 .  2111 w u r c  in  A r ~ ~ n u n t  01 C.IYIIIIIIY~. T11v1.1: a:. I*" ~ l l d i r ~ t i < ~ n  III tho 
M t l r o w  r ~ r u r d s  n ~ p l l - ~ n d n r e d  p r c s ~ u r u  spnkr or. butturn i l ,ol l  r i g n ~ l  au<:h a *  wr havc 
cunwLrued r b n  iasld i n  (:*fintkrn. In adduhun, Ibn % ~ ~ ~ u r t l %  3ih.1~. 11" %harI, s l l ike& I t  the 
d:nd o i  caur~atncm, wlrr,k 1. {I,.: watc.r i.qu,~al,.ait ,,i ~ l n p - d n w n .  A, ,.;L~II ~t  rho f ive 
M l l r n w  ur8dcrwr lcr  wrdt8unr nor u l  r h r  iwu buttun, ]pruwaor,, c;rl;u. wnc ~ ~ c u r d c d  on, 111Ic 
rbdnnrl IL ,  u h i r h  1b ~ l l r ~ i . ~ u l ~ l y  , I  I v v - ] x r x 8  r y r t l m  wj l l t  r t t t r l i i  irl:quanuy u l  2 2 0  He: 
n ~ n ~ ~ l . l r l y  a .I! F ~ ~ I I  i r r t ln , ,  *I ,N~,:.I dt.ll!ln w.,. 1>11 11~1C %-h811111:1 1'3, ~ i l h  1.ut01i 
I ~ ~ . . ~ ~ ~ ~ ~ ~ ~  ~t ~ i r ~  ]I,.. tAGo.h W(,,,I(I I,,,V<? ",., O ~ ~ I V ~ I  ,,j,y ~pik,. r,se tilnp. *I 3 tu 
5 n ~ > ~ l l # ~ t : t ~ ~ # d ~  o r  IIIIIRCT. I i I I I ~ t  It#dc, l i l i t l  1/11.r#. w.8.. I I Y  DL>,II ]~1.v..urc i.l)ik~ i n  deep 
wat"r ,.,,, M,lrr,w, >,<d ,,u,,r ,:itl>,~u ,,,, <;d,>l>,bm,,. 

Ui, .a~ i lh . t tur i~  uuen-pra~*ure and t h ~  r r l l l v n  wl l l>#al which ;,I1 ulldrrl,l~aa~urr3 a r o  
q 1 4 r l  tu romplc t r -  p r e ~ . u r c  r ~ l ~ ~ d w r  ur ~ a r d . ~ l # u n  r r r  c i v ~ l l  ~n I - b ~ l l r c  A - 7 .  The n b u ~ l  
w i d e ~ p r c a d  e f i c t l  I *  ~ a v r l a t i u n .  11% arn.1 t u r l : ~ . ~ ~ ~ .  I. yrc.1~1. than the 1IIII p s i  (0.8aL1111 
Lllntnl lr .  





Measured v r k  u c r l i c a l  a r r c l c r a l i u n r  rxn land w e r e  i n  t he  o r d e r  of  50 pcr son t  
lareer than 111. ~ ~ n n i k i t l  yr.dictiunr ;hunilablc: m l$lolopical inunst lgalurx .  Measurcd 
~ a k  v c r t i c r l  v r l u c i l i c r  were a x  prodiutrd .  M r m a n r u t  u i~ l i l t b  i n  a scct ron of lhn 
Bering Sar cild.1 w c r r  11 .25  tu 1. I n, - c-unvidarably L*rkcr than p red ic t ad ;  e o a ~ r a l  up-  
Ilfts e l ~ r w h c r e  l l a r e  not yet b.y84det4rnlinrd. 

I ' re~ .urea  i n  ~ I ~ ~ I I u w  011-.11ore ur+ter. c v n s ~ = t e d  o f  a ~ h o r t  d r ~ r a l i v n  pula* of nu  
arcat .mpliludc - gcl>erdl ly  i..r. thart u.7 atnm a f t e r  which the w a t e r s  a n d  arly fro0 swl,l,- 
rning f i ah  in l hcm were  thrown t lyvardr in  a d a t e  ur prcmrnre re l ief .  On .lap-down of 
.plllCd rock a l lundrcd t ~ r r l e r s  u r  more beneath lake  a n d  ~ t r e a m  b ~ d . .  3 h r r p  seuund 
palsee of 1 tn L allnvrphore amplitude reeu l t cd .  

In the  a b a c n c c  of d i r r c l  r n c a s ~ $ r e m r n l ~ ,  m d  b e c s u ~ e  ss l r face  vc lvc i t i e s  were an 
predicted, unrlerwarcr overp reMsursa  md u r l d c r p r e s a u r e ~  at se. are c o n s t r u e d  lu hauo 
beet, a x  prcdieted prc rho t .  
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APPENDIX B 

hiETEOROLOG1CAL CONDITIOKS ON A:UCHITKA 
FROM D-2 THROUGH D t 7  

.. 

Xational Oceanic  and ..\trnospheric Adminis t ra t ion,  
Air R e s o u r c e s  Labo ra to r i e s ,  Las  i regas ,  Nevada 

The  National Oceanic  and Atmospher ic  Adminis t ra t ion,  Ai r  Resou rce s  Labora-  
to ry  - L V  (ARL-LV) col lected meteoro log ica i  da t a  on Amchitka in  suppor t  of the 
Cannikin t e s t .  S ince  the loca l  wea the r  conditions prevai l ing be fo re ,  dur ing,  and a f te r  
sho t t ime  a r e  bel ieved to  have  had  a cons iderab le  iniluence on t he  t e s t t ime  findings of 
t he  Amchitka Bioenvironrnental  P r o g r a m ,  the A R L -  L V  data  a r e  included h e r e .  The  
d i r ec t i on  a n d  force  of' the winds during and a i t e r  sho t t ime  a r e  par t i cu la r ly  impor tan t ,  . -~ 
s ince  they undoubtedly influenced the d i s t r ibu t ion  of m a r i n e  m a m m a l s ,  bf r d s ,  and 
f i she s  kil led o r  in jured  by the detonation. A R L - L V  h a s  conc luded ,  o n  t he  ba s i s  of a  .~. 
rev iew of a l l  wea the r  data  ava i lab le  f r o m  the a r e a ,  that the bes t  informat ion o n  t h e  ,. .: 

d i r ec t i on  a n d  velocity of t he  winds ove r  the sou theas t e rn  half of the Island, whe re  
Cannikin SZ i s  loca ted ,  i s  that r eco rded  by the s e n s o r s  on Tower 8 ,  a n  88-f t .  Tower 
loca ted  a t  t he  Main Camp. Data w e r e  col lected a t  this s ta t ion  only o n  D-I ,  D-day, .- 

, .. 
and D t1 .  

Th i s  Appendix presents, in  addition to  the Tower  8 da ta ,  the wea the r  data  col-  . . 
.< 

l e c t ed  at t he  Amchitka,  Alaska ,  a i r s t r i p .  However ,  the r e a d e r  i s  adviaed that  wind 
d i r ec t i ons  a s  given a t  the a i r s t r i p  consis tent ly  dif fer  by 20-30 d e g r e e s  f r o m  the d i r ec -  
t ions  r eco rded  by the Tower  8 in s t rumen t .  Concu r r en t  wind data  from mi l i t a ry  ships  -.- . .. . 
s t eaming  i n  the vicinity of the sou theas t  end of Arnchitka Is land c o r r o b o r a t e  the ,.. . . .. 

Tower  8 data .  
:i .... 

ARL-LV.a lso  col lected meteoro log ica i  data  a t  the Northwest  Camp. However,  I 
1 j 

for  the pu rposes  of this r e p o r t ,  i t  i s  bel ieved that the Tower 8 data  a n d  t he  a i r f ie ld  
data  (with  due al lowance for  the d i f fe rence  d i s cus sed  above) m o s t  nea r ly  r e p r e s e n t  :.j 
the wea the r  conditions prevai l ing i n  the vicinity of Cannikin S Z  during the per iod  of ::;i :., 
i n t e r e s t .  



TABLE 8-1. RECORIIEII SURFACE WINDS 

R S T  dc): kr ' d c g  kr kt deg kt dFS kl k rlcg It1 dcg hr 

0000 230 I G  . - -. -- 27 0 4U 240 YO 30 3% 11 .- - - 
0100 220 16 - - -- no 41  240 3'2 48 290 113 . - -. -. 

0200 2 10 18 . - - - -- 270 34 25U 28 40 :jOU 18 . . - A  

0300 220 20 -- - - 280 32 260 26 no 300 16 - - -- -. 

. - -- . . 0400 1'W 17 - - 280 31 260 25 4U 2911 15 -. 

0500 . 23U 18 . 190 14 .- 290 39 260 25 40 280 16 -. - - 
0600 220 17 190 17 - - 300 40 26U 25 44 280 19 . . -. 
0100 210 19 190 16 -- 310 3 7 '  .. -- . - 280 IG a50 14 
U800 200 21 110 18 .- 290 36 . . - . -. 260 15 25U 14 
OW0 200 22 110 20 -- 310 40 -- - - -- 210 17 260 13 
1000 1811 25 160 18 - - 300 32 - - .- " 7 280 I 0  250 13 

32 30 35 .. . - - . %IU I1 240 12 G4 
1100 170 150 20 300 I 

1200 170 39 140 30 40 310 28 . . . . . - 21U 11 250 10 
N 

1300 170 41 140 35 53 310 34 - - . - - 270 13 240 14 
1400 180 50 140 40 60 310 33 .. - - . . 260 11 240 12 
1500 190 51  160 36 50 310 30 280 20 30 260 1'3 240 1:l 
lCO0 210 50 110 36 66 310 28 -- . . -- 240 09 . . - - - 
1700 230 58 190 35 63 310 26 290 %U 30 "U 118 . -- 
1800 240 59 200 40 62 310 32 280 20 30 'LOO 08 . - - - 
1930 250 50 21db) 45 65 310 21 . . -- -- IEU 08 - -  , - - 
2000 260 48 220 (~ )  35 66 310 26 - - .- .- 150 11 .. . . 

2100 210 15 230(*) 30 60 , 300 2: . - -- .- 150 14 .- -- 
2200 270 44 t4i)(e) 35 60 300 24 + - -- -- 150 18 - - . . 

2300 210 42 240 35 54 320 18 - - .- .- 150 18 . - . . 

- 
(a) 20 l o  30 dcgrees should bc added ro nll  vahaes in rhls c o b r n n  to campemale, lor r consiacd~ inaccuracy in the i n s t m w n t .  
(b) Variable 190 lo  2W. 
(c) Variablc 200 to 240. 
(d) Variable 210 l o  250. 
(c) Variablc 220 to 260. 





Novcnihr 8. 1971 (D-Day); Solar Rrdialion Tors1 13'3 Lsngleyl; a - l i w r  Preclpitstion 0.114 lncll 

4 Very lighr drlzzlc & fq: 995. 3 43 30 

4 Very light drlrzlc & fog 991.1 43 39 
G Fag 998.4 43 3Y 

OOUO 

0100 

11200 
owe  

1500' ovcreast 

1500' nverCaY 

l00q' overcast 

1 h 0 '  bmkn 
3000' bwkcn 
WO' b m k n  

2500' ovcrcasr 

1500' overcAll 

1500' scattered 

3000' overcast 

2Uu0' scatrered 

2500' b m k n  

2500' bmkn 

G Llglii drizzle & log 999.8 43 3!1 

6 Fog 100U. 9 42 40 
6 Light calu & fog 1WL.5 42 40 

7 Very 1$ht rain 11104.5 41 

ao IUIY.Y 41 
20 1023.3 39 

20 1054.2 M 

Novembcr I ,  1971 (011): Solar RadiatiM~ Total 139 i.an~lcya: 24-l lwr Prcclpilatioo 0.04 1 1 8 ~ 1 1  

20 1033.1 :IX 29 
20 1033.5 :I? 30 

211 1UJ3.1 38 31 

20 10% 9 38 31 

Clcar 

1:itar 

20011' rcsttcred 

2000' Icattennl 

2000' h m k o  
2U.l)llU' b rok"  

2000' b fohn  

20.000' brobn 
2000' ~Cattclcd 

20.000' hrnkol 
20UO' rcattcred 

?0,000 bmkerl 

2600' acatrcred 

20,OUO' ovcrcaar 

"0 

250 

' S O  
2511 

25 10U.S 42 33 

Novclnkr 8 .  1911 (l)r2): Solar R;uliatlon Total 31 1,Ln~lcyn: 24-lluur Prccipiratlul~ 11.41 ltlcll 

1/2 Very l ight r1111& fog 1015.3 42 n2 
l/e Lighr rain & fog 10111.3 42 42 
1/4 Light rsln & log 1013.3 113 43 
1 /4 Very light rail, & lug 1011. :1 44 44 

1/4 Vcry light frill & 1% IU11.3 45 85 

1/8 Very light drizzle & fog 1010.6 46 46 

1/8 Vcry 1IgI11 drizzlc K 1% 1001. :I 46 46 

1/8 Pug lllU8. 9 41; 46 

1/8 Very liyhr rail1 a; log 100U. u 41; 4ti 

I/H Vcry l ight rail, & log IIIO?. 0 45 115 

1/8 Very light rain & lug IUUG J I 45 45 
318 Light pal" & fog IOUS, :) 45 15 
I / 2  Vcry l iglll ram a; lvg 1UU4. U 16 46 

1 PL Lighr rain & (rx IOU?, li 16 I li - . - . , - 



TABLE 6-2. (Conrlnwd) 

W e n l r t  awl 
T i m .  VirlbUiry. Ob.tm~tiom 
BST S I w  Conditicda) m~ to Virion 

Sea Lcvcl Wlrvl  Wind 
Pfessure. Temp. Drv Point ~irrcrionlb), sped(&.  

rnb F Tcmm F den la 

Nowmkr 9, l8ll (D*3): S o h  Rudlatlon total  18 Laqlcya: 24-Hwr Ytecipitatio~~ Trace 

1/2 Moderate dtizklc & fog 886.1 42 42 
1/2 Very ilghr ralll a fog m. 7 42 42 

200' obrured 
200' ohcurcd 
100' rcartered 
500' scatteed 

2000' overcan 
200' thln brokn 

1800' ovcrcart 
300' overcut 
600' broke" 

1500' ovcrcmt 
500' overcast 
SOU' bmkn  

XOOU' overcart 
500' ~ca~rered 

2000' scsttcrcd 
800' rcarurd 

1500' brolrn 
9U0' lcatt~red 

2000' broken 

6 ' Fog 9Yl.l 42 42 

2000' broken 
2UUU' broken 
2000' bmkn  
2000' bmkn 
2000' broken 
2000' bmkn  
1500' ~catkrcd 
1500' h o k n  
1500' broken 

2000' bmkl l  
2000' bmkn  



~ u v e m b c r  11, 1971 (Dr5); Solar Radlarlon l'oral 16 Lsngleyr: 24-llour Prcupitation 0.06 lneh 

0100 2500' hmku 10 1008.3 rl 33 240 16 
0800 2500' hroltrn 10 ,. 1006.3 31 30 240 16 *, 
ow0  2wu '  M k n .  as lu01.0 n 30 240 1~ 
1000 2600' broken 25 1001.5 39 32 260 , 16 
1100 2500' ~csttcmd 26 1007.0 41 32 210 11 
1200 2600' scarrered 

20,000' brokn 25 1001.0 41 32 210 IS 
I S 0  2500' scarrered 

20,000' overcam a0 1005.3 41 32 180 11 
1400 2500' scattered 

12. 0OU' ovcrcan 20 1004.3 40 33 110 16 
1500 2500' ~csrrered 

12,000' overca~t 20 1003.2 40 Y I10 15 
1600 19OU' owrcart 15 iuO1. B 40 36 160 1U 
1100 1000' overcur 10 Light rain 1000.8 39 31 160 10 

November 13. 1911 (Owl); Solar R*liation Total 102 Laqleyg:  24-Hour Preclpltarlan Trace 

uuuu 1500' Icallered 

2600' b m k n  15 908. 2 32 '24 250 22C.32 
0900 1500' ~catlered 

2600' bmken 25 988.4 33 22 240 24G32 
1000 1500' lcsttcred 

25UU' h o k n  10 988.1 33 24 250 18028 
1100 1500' ~cartcrcd 

2500' bmkn 25 a9 .4  M 23 250 . 20C30 
1200 2500' broken 26 988.4 M 23 2DU 18G28 
1300 2500' bmkn 35 981.6 31 21 210 20030 
1400 2600' scanerrd 35 907.4 31 23 240 20G30. 
1500 600' OYCTC& 2 very llghr snow 981.8 31 32 240 2 0 t N  
1600 1500' rcarrcrd 

2500' broken 1 901.0 $6 24 250 20030 
1100 asoon U V ~ K U ~  I BB1.4 38 29 250 ZOCN 

(a) Clcar 2 *O. 1 l!q covyr: rcrrrsrerl = 0. 1-r0.G iky cowr; b m k n  - 0.6-0.9 aky cover: ovorcarl = -0. Y rky cover: ohcured = 1 . 0  nky hldden by prccipirarlon ur 
obrtrucrion lo vlsio~l (log). 

(b) Concct wind dlrecrlon can bc oblaincd by adding 20-30 dcg to v d u c  givcn. 
( c )  The mral iun~ 54G35. ctc. . mean svrragi wlnd speed o l  w h u ,  wlrh gurrs up to 35 knoe. 



APPENDIX C 

GEOLOCILC AND H Y  DROLOCIC INVESTICATlONS O F  'THE CANNIKIN SlTE 

na ta  f r w n  the U . S .  G c o l o g i ~ a l  
Survey, Dcdver, C o l u t s d ~ .  

GEOLOGIC AND MY UROLOCIC INVES~I'ICATIONS OF THE CANNlKIN SlTE 

by 

The  U.S. C e ~ l o g l f P l  SYIVCY IUSGS) ul the nrparlnlrnl YL the Inlrrion. haa principal 
r ~ u p u n s i b t l ~ t y  I'or d r f l r u i ~  and rtnrerpr.rll#ng the cnulupic and llydrrllogic cnv i ronn~rn t  of 
Underground nucI+~*r erpl*.ion.. 

Most of the grolu.ic d h y d r ~ l u g i e  inve.ugaLlun. on Amchitka were directed toward 
preparat ion Tor and c o r n p l a l ~ ~ n  of Mllrvw In  1969 and Cannikin i n  1971. 

Geologic 1nva.tigatIonr enhanced by -rial photography, an in f ra rod  survey, an asro- 
nuunctic wurvry, grhvihl ruruay., 4 mar ine  ccophyrical surveys  were sornpleted 
and uvalvatcd p n o r  to  M l i r c n  in 1969. Fur ther  rtudlaa in praparatiott Cur C a d k i n  
included atudiem ~f tho Iectnniea u l  rhr Al*utinn w c  and marine-terrace .tudisa which 
wvre ~ ~ m p l e t ~ d  re pronde background information lu aid in a8weusing the poaaibility 
of trigplerxng large earthquaker m d  tsunamis.  

The w-rklng paitlt lqr CMnlkin w a s  m l e ~ t r d  01) Lhe b ~ n l -  ul  depth, p r e d i ~ t c d  muitabillty 
r r l  rock lor chrrnbering, and rnlnlnsal w l t r t  inflow. 

~ x p l o s l a n - p r o d u c e d  g a o l ~ a i c  a d  tectnntr- elrecta wore predicled and d ~ c u m c n t e d  lur  
bvth Milrow urd  Cmnrkm. Theme ~nc lvdcd  *uch r f f rc ta  a x  f r a r t u r r d  cnllapse 
e~nk.. yrollnd d o f ~ r n l r t i o n ,  wld f ru l t  moucrnrnl. 

G o o l e g i ~  cf lcf tn of Canhikin y e r e  r i rnrlar  lu those oi  Milrnw bur of  en~licipatcd I ~ r g ~ r  
~llapnitudc. Cllii .pall -iong the Bering c v r u l  was xrexter Uxan inlrcipatcd and i r  
.:*tinn.I~d tu b. .on*. 2 5 , 0 0 0  cubrc rncter. uf mck nnd i ~ ~ r f .  The Dsriny coastline 
was upllilcd 0 .  25  to I 1 10, H to 5 5 ttl +Ion8 a b u t  2 krn I l -  I t 4  mi l se l  ul c-.,line 
nerre*t to lhtr .itr. 

Ncsrly +I1 viathlu ycologic ~ I f e c t .  war* cunfin..d bcwecn two eamt-lrandina faults which 
a r c  760 111 12,500 41 aoulh m d  1.Obd rn ( I ,  5OU f l l  norlh uf the si te .  The norlhern lault 
W A S  offa.31 ul lllr uur ld t r  nna%>nluln 1.8 6 0  urn I 2  11) ucrlically dons:  460 r n  ( 1 .  500 111 

s t r i k d r l  shot ~ i n w  r h e  fiouub 1.~11 w.. o i i w l  A zrx~xln~urn uf 6 0  rm vertically alvny 
' db01.t 1,430 111 14. 700 111 ul  ~ t r l k c  Mu*< ul ~h... n.orrlxrmt nn lhm I r l l s r  tauit did lwl 



occur until the cc,lla],st: sink was ir)rmt:d. I'rccasu survcya shmu that  r line L km 
( 1  114 n ~ i l e s l  lvnp rrendlny n c ~ r t l ~ u a r r  rcv,:,ss s% cx tmdcd  l.L i r h  14 l't). 

Laleulatod a l r a r r ~ a  d c c r e a ~ u  w ~ l l ~  .Ian, d i ~ t a n c c  lrc,rrn ,ST, ae. ihu minus  3 puwur uul lu r 
d i ~ l ~ r e ~  vf 6 km ( 3 .  7 otrlual. A1 Ihai dirtanc:e the rlrairh waa L r aboul the lrxlb~l 
of dutccricrn for  the  method did: P ~ ~ ~ ~ ~ ~ ~ I  s t r a i n s  ahow nurt~~ramt-ruuthwemt extension 

Thc cu l l aps r  sink appcara  f rum prclirmllary aurvcys to havr  an  oval shapo al,uul 715 by 
l,L70 m 11,000 by 4 , 5 0 0  l t l  113 diamator  wtlh a rnaurnlurn dcpth of about 20 rn 150-60 ftl .  
11 18 d e y n ~ n ~ c l r i c a l  111 l h l t  thc maxlmurn subaidn?uc*: Is  366 m il,ZOO ft l  eaa t - sou thcra t  
o I  SZ.  S u h ~ i d ~ n c e  r r  SZ wax only 5 nl ( I 6  it). The arymnhrtry uf tlhr c01lap.r .in* i. 
prub&bLy rcla1.d iu  yeuluklu ~ L r u e t u r e .  Tlhr rlYnnnay a p p e a r s  lo have d u p e d  upward 
normal  to thc dip of rhc brda.  When thc chimncy rcachcd thn sur face ,  the bcdrurk 
dropped a6 d i ~ ~ r c ~ t c  hlockz broken along smal l  faults and joints. Some of theme 
fracture,  w r r r  rlffrrt .a rnllch r s  3 m (10 i t ) .  

Auluz~natic cun t inuuu~- recurd lnp  gages w ~ r s  ~~rmtal lud un fiv. w l r r a ~ ~ w  lu d a l a r n u n r  llbr 
hame l'luw nf the m t r e n r ~  and t. rrlrrwure rtvrrzh runull', 'l'llrwr y q r .  w e r e  a1.u u ~ e d  
Lu n>>onxilur ul'l'ects 121 lllv urldrrsrvulbd teala  usr tho atteaon lluw. SLrcann. s r l r c ~ e d  iu r  
gaging etati.-ma inoludv atrcrrrla th+t drain the Milrnw m d  Cannikin tcmt 81108 m d o n c  
ape3 betwrun the twn r i t e s .  Water l r v r l r  w r r r  rnvnirvrud in 28 h d r .  on the Island in 
rualuate u h a n n e ~  in w a t r r  i r u e l ,  bulln rnalural nhn- rnrde .  

Precipitation r c ~ o r d s  w r r c  acqvircd by W O  r!ltnrn=tic precipitation gagns and dwly  
r r c ~ r d .  were  cnl l rclcd a t  thr  alr Lrr~ninal .  

~ h c  hydrologic c:ffccta of c m n i k i n  w e r e  s i m i l a r  tn  ihc,me of ~ i l r o w .  ~t both nit,:. flow 
"I the rtrc.ma draining the .ire wr. rcdudcd,  'Thi. was  c.u.rd by cap ture  prrt 
tho a t ruam flaw by eol lapsa of thc s inks .  Another s l fcct  of thc t c s t s  i s  thc c rea t ion  of 
+ cono o l d r . p r o ~ ~ ~ u n  i n  tho gruurtdwalar rn tho chimnoy a r i a .  

Afler Cannikin the dimcharge ut Wllilr Alir. Creek ,  which drain. the tcrt r i r c ,  war  
rcdueed lu alruut 4 pereenl  of normal .  It i s  cst imarsd that rhc Cannikin ehimnoy will ho 
filled in about 9 nlunlha by thn roturn flow of th? yruundwatrr  toward lhr. rlaintovy and 
thr  addttton uf aurfaec tunbull. At that t i m r  thr  vloaod dcprasaion furnbad by lhc' arnk 
will atapt 10 fill  and f o r m  + Inkc 16 much a. 6 m 1.20 I t )  deep. Only a l t e r  the chimney 
m d  laha Ill1 will wllilc Alieu Croak rn:surnc normal  discharge.  

A I I I I ~ ~ - ~ I . ~ ~ ~ ~  hydrr~lncil- monitorhog prvyrat,n w a s  cstablr%h~:d <rn Amchilka rn lrl67. A. 
pat.1 0 1  lllc ~r iuni tnr inc pn~*:>gt.an~ d walur-sd18rplinbg network was u s l a b l r ~ h r d .  'The 

~ r m p l ~ n y  nurumrk nf hO rtataons pr,:s*nrly includuw 23 Iakr., 15 slrvannn, 5 aeup and 
~ p r i n g .  7 woll,  1 prculphtatlun, and 1 *<can watrr"siwnp1ing locrtir,na Sample. 
f r u m  [hoar  Iucatruna a r e  a n a l y ~ a ~ . l  rn,utrnrly frbr rhcmir;rl c n o r t ~ t u c n t r  and lo  r r t ab l i rh  
rar l in~oel<a~ barkyruund~ i<,u.r~a ,,I t~n t iu rn  anrl U r u u s  alpha and limdE+ bur. content.. 

Sampling f rcqucncy  rmmcdxrrcly alter Cannakln It*. 11v1.n bi l~l l l r l t l l ly ,  and will 00 
( ~ u a r l ~ t l y  a l lo r  the rsld ul  11). f l r r t  yo.". S f a r t ~ l l ~  rpp~.~;x,mat*:ly I - 1 /.? y o d r a  ;.ftcr 11)s 
cuont, sampllng will hv ,rn an annual brpia .  Current  nitl lyre^ xhnw nn nhritrurable 
L I I U I , - ~ . B  r ~ d ~ v a c l ~ v ~ l y  i w ~ r  praahnt data .  

Thl: Canntk~n rnrtlrry lhnlr haw b:rn dl~ul.lopt:ll r r  a h y d v o l n ~ ~ c  nl,,nirorinn I~crlr. Water 
~ ~ ~ ~ l ~ .  w?ll be r,br.lnrd l r n n n u r r i o u ~  Irvclm r n  the rllarslrbcy l u  delertnunr. Ihn: d1sl1.1- 
butiun 01 radiorrtauiry witla LIIII~:, and 1111. w d w r  I F V C I  will I I V  n n t u , ~ ~ l ~ r e d  1" dt>l+rmihn 
Lhr rate of chimney lilllny. 

All ~~~~l~~ cnllccrcd rltvr C:AMIK~~ will bc analyzed lu r  1liliU111 Y W I I I ~  l l l ~  liqoid 
rcintillativn nbrrllod wulk a 1uwt.r lrrnul ul aboul LOO Lr.liun> tmitw I'l'u). All aamplcs 
will bu analyrud fu r   row alpha,  .#ul gross  bc la /pamma.  Any aamplc eu1lcctc.l from 
c r ~ t i c r l  ur r u r p r c t  arm. aur 1 1 ~  t u n u i z l ~  jirt.nl.r lhaon background uu,~~:unlratiuna 101 
cror .  alplxr ur u r n ~ s  b e l r l H a m n ~ ~ r  will ba rt:a#aalyrcd ua .11~  low-luv.1 Lritnvrn tech- 
niqurw wilh a lower l ~ n b ~ l  ul bbarul 20 '1-U. i 'hr  ~anbplvm a1.u will I>-> +,laly?.c,l f4.r 
.prulllr r ad~unu ,  Ilrlr* ~ n r l u d i n c  .trnnrium oil rn rlxifcrenrn*ra: the jir,urcr of the r a d ~ u -  
d c l i m y  irum wurldwhdc Lallout. 

Ituulinu rl:purlr u l  th*' I ~ n ~ - L ~ : ~ r n  m o n i l f ~ v l l ~ g  ra:warll% will lh,: prl:p;lrl:d ; ~ ~ ~ ~ ~ ~ ~ l l ~ ,  m d  
prorrlpl, .pu<hal r ~ p b r t u  will be if rbllul:-brckurllund unncrn l r r t inns  clf  

~ v c ~ ~ t - t c l a t e d  radx.,acl~ur~y are  luunrt. 



PHOTOGKAMM~~TRY 

Approxinlatyly 5000 a . - r~a l  phvtvurapha v o r u  ,ahen over Alnchi&a prior  to and 
aitur  cmnthin  by r mcL phntogrmlrnetrirt.  he phutugraphm w f r a  t&an to vupporl 
al l  irxuanuironmuntal ~Ludxe* and uthrr  cuntrastore OI A ~ c - ~ ~ 0 0 ,  auch r. USGS. An 
AIIuuI~c 111 helicopter pruvxdcd au~table  p l ~ t f o r m  for twu Fairchild K-l7B aerial  
c w ~ t r a ~  (y-112 by 9.  IIL-inch film format) .  Inl~nmruc ohllyue and vert ical  photographic 
c u ~ e r r g c  w t h  eulvr film* and dnirarrd color film** warn nhtlined for the aream wlthln 
3-km radii around Carulih.n m d  Milrow SZ, m d  the portavn of the laland lyinn bctw.an 
them ailer. Additronal but lcmr istcn*lur cover&yc wae ohlsinrd b r  that puttian of the 
lrllnrl uxcendlny lrnm Can#uhln no r thwr# tw~ td  to sbnvt D Site (Figure 0-11. The total 
area covrrrod by ,ham acrl+l phuluyraphy i r  appruxtmately 80 hmz. 

Phut~grapha  werc t & v ~  up ra L 4ayu bulurr  test t ima,  and photo miseionm wcre 
resum"d ur U-dry, Thc I lrgc-format photugraphy lends itwelf readily to a precise 
~nrnp=rison uf terrain aru nrar rhnrc  i rarurr~ .  prc-  and posttcst. It elearly rsvesle 
~ h ~ q p e *  ~n lakra Ic .  $. . i~a*urv.  in lakc butturn. and changes in wrtnr levrl l ,  and the 
crcatiun nT new laham and panda. It wlxvw. rock i a l l ~  m d  t u n d r ~  slide. around the 
Llerroy sea and Pacifle & e m  c n ~ u l  ulillr in nuffhcrenl drt+il to permit  good estimation 
of vuluzz~c~ of rn3rrri;ll d t~pIarud .  C r a ~ k .  and xcarpa m lhr inland te r ra in  around SZ 
can bu nrcarured, uld csvud pvrtxonu o i  wlreanb banks and turbidity i n  new-rhors marine 
W A ~ F P I  are clearly dclincrtcd. Clar phf,tegr&+plly 1s dctaild'd and extensive to be 

for *yut<-matlc eualuar..>n oi  Cannikm-related chanyca I" the t e r r a ~ n  and nearmhorc 
I ~ ~ ~ u r e s .  It ha* ba:t:n hc8dvred m d  Wycd cu l:L5.000 Army Map Service map ~ l ~ r ~ t m  
4 2023 I N W ,  2024 111 NE, LO24 111 SE, m d  LO24 I I  SW. Sumo I5OU Crams. have been 
copied on 15-mm u l ~ d e ~  frlr quick raierencd: +n<l .~de-by-aldn r.urnpariaon uCphoto- 
graph,= data. 

S p r ~ ~ i i ~ a l I y ,  Ihr Iullow~ng pho tv~ r rph l c  coverage was obta~ned between Auyumt 31 
..a ~ o v r m b e r  Id, 1971' 

. Tlw area walhln 3-knl rAdlum of C&nnr*xn and M ~ l r u w  SZ and the arc- 
in batwean ( O U i q u ~  $n.frarad color and verricxl color imagery; average 
photqgrrphic ucala - 1:dOOOI. 

'L'ha re& c ldI r  m d  .+a wtPckw on the t l rr iny and P ~ ~ i f l c  Caasl  (Ohliqvc 
infrarnd color and culor unagary: ;rv*rayr plhurowraphiu acals  - I: lO00). 

~ e r t  laher within 3.5-hnl rrdiu* "f cannikin SZ (Vertical colur and 
ob l~gsc  infrar*d evlur im-y*ry, r vc r l gc  pholoyrrpkic ma l e  - 1:loool 

. Three stream. vlthrn 4-km radluw of Crnnikhn SZ lvcr t ics l  colnr and 
~ b l ~ y ~ c  ~ n i r ~ r w d  ml<*r ~ n l r g s r y :  ru.fr$+gs photoyraph~e wcalc. - 1:1000) 
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