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ABSTRACT 

Sur face  plutonium contaminat ion p a t t e r n s  were devel-  

oped fo l lowing  each of f o u r  experiments  s imula t ing  

different storage configurations of weapons in accidental 

non-nuclear de tona t ions .  The weapon a r r a y s  included s in -  

g l e  and m u l t i p l e  u n i t s  i n  t h e  open and m u l t i p l e  u n i t s  i n  

s t o r a g e  c o n d i t i o n s  w i t h  t w o  and e i g h t  fee t  of e a r t h  over  

burden. From 8 t o  6 5  square  miles  of  land  a r e a  on t h e  

Tonopah T e s t  Range, Nevada, were surveyed a f t e r  each ex- 

per iment .  

A common s u r f  ace,  1-foot by 1-foot square brushed con- 

c r e t e  pads, was used f o r  a lpha  r a d i a c  measurements. Over 

7,500 such pads were monitored by p r o j e c t  personnel .  

Basic measurements were obta ined  w i t h  t h e  p o r t a b l e  g a s  

p r o p o r t i o n a l  a lpha  coun te r .  Supplementary and correlat- 

i v e  measurements were made w i t h  p o r t a b l e  and mobile l o w  

energy gamma d e t e c t o r s .  Contamination con tour s  r e s u l t i n g  

from a lpha  survey  o p e r a t i o n s  a r e  expressed i n  cpm p e r  

probe a r e a  of 6 0  cm , Conversion of field data t o  commonly used 

contours in units of pg/m2 was not considered advisable at the time 

of t h i s  r e p o r t  s i n c e  c o n s i d e r a b l e  doubt e x i s t s  concern- 

i ng  t h e  u s e  of a s i n g l e  conversion f a c t o r .  With the 

c a l i b r a t i o n  procedure used,  t h e  minimum d e t e c t a b l e  l e v e l  

of t h e  p o r t a b l e  l o w  energy gamma d e t e c t o r  ( P A C - l S / P G - l )  
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w a s  found to be e q u i v a l e n t  t o  approximately t h e  80,000 cpm/ 

60 an contour  by a lpha  survey. The more s e n s i t i v e  and 

s o p h i s t i c a t e d  vehicle-mounted gamma scanner  was a b l e  t o  

reproduce a contour  as  low as t h e  1 , 0 0 0  cpm/60 c m  i s o -  

i n t e n s i t y  contour  by a lpha  survey. 

2 

2 

Operat ing i n  a c c e s s i b l e  t e r ra in  s i m i l a r  t o  t h a t  en- 

countered on t h e  Tonopah T e s t  Range, t h e  mobile equipment 

could  d e f i n e  a plutonium contaminat ion p a t t e r n  i n  30  min- 

u t e s ,  whereas p r e s e n t l y  e s t a b l i s h e d  a lpha  survey proce- 

d u r e s  r e q u i r e d  from f o u r  to s ix  hours  p l u s  a d d i t i o n a l  

manpower and equipment. The low energy gamma d e t e c t i o n  

technique  f o r  weapon g rade  plutonium may be app l i ed  t o  

weapon a c c i d e n t s  f o r  p re l imina ry  and r a p i d  s i t u a t i o n  

e v a l u a t i o n s  when t h e  technique  i s  used by t r a i n e d  per- 

sonnel. 

. 
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PREFACE 

' 

P r o j e c t  2 . 5  was f o r t u n a t e  i n  o b t a i n i n g  t h e  s e r v i c e s  

of s e v e r a l  agencies .  Personnel  from t h e  Nuclear Defense 

Laboratory,  Edgewood Arsena l ,  Maryland; Mobile Construc- 

t i o n  B a t t a l i o n  Center ,  D a v i s v i l l e ,  Rhode I s l a n d ;  and t h e  

United Kingdom Royal A i r  Force performe& the f i e l d  moni- 

tor  ing . Major R. T. Tro lan ,  C m l C ,  USA, as- 

sembled, t r a i n e d ,  and coord ina ted  t h e s e  u n i t s  i n t o  an 

e f f e c t i v e  f i e l d  o r g a n i z a t i o n .  

S p e c i a l  mention is  due a l so  t o  t h e  Rad io log ica l  Safe- 

t y  Div is ion ,  Reynolds E l e c t r i c a l  and Engineer ing Co., Inc. ,  

Mercury, Nevada,for i t s  w i l l i n g n e s s  t o  a s s i s t  t h e  p r o j e c t ,  

p a r t i c u l a r l y  i n  provid ing  f i e l d  t r a i n i n g  exercises. 

The a d m i n i s t r a t i o n ,  eng inee r ing ,  p roduc t ion ,  and 

procurement depar tments  of  t h e  E b e r l i n e  Ins t rument  Cor- 

p o r a t i o n  pu t  f o r t h  e x t r a  e f f o r t  t o  meet t h e  r e s t r i c t i v e  

t i m e  schedule  of Operat ion Roller Coaster. The person- 

ne1  i n  t h e s e  depar tments  were v i t a l  members of t h e  t o t a l  

team even though most of them never  p a r t i c i p a t e d  i n  t h e  

f i e l d  experiments .  

c 
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CHAPTER 1 

INTRODUCTION 

Operation Roller Coaster was a f i e l d  o p e r a t i o n  du r ing  

which weapons grade plutonium was widely s c a t t e r e d  t o  

s i m u l a t e  a d i s t r i b u t i o n  s i m i l a r  t o  t h a t  expected d u r i n g  

the  non-nuclear d e t o n a t i o n  of plutonium-bearing d e v i c e s  

or weapons. I t  was t h e  purpose of  P r o j e c t  2 . 5  t o  d e f i n e  

and measure t h e  limits of t h i s  plutonium d i s t r i b u t i o n  

and t o  assist i n  a c c o u n t a b i l i t y  s t u d i e s  by provid ing  d a t a  

concerning t h e  amounts of  plutonium t h a t  dispersed from t h e  

r e s u l t a n t  c loud w i t h i n  t h e  limits of  t he  t e s t  a r r a y .  

During t h e  planning phase of Operat ion Roller Coaster, 

it was deemed a d v i s a b l e  t o  pursue t h e  b a s i c  o b j e c t i v e s  

of Project 2.5 by t h e  sub-d iv is ion  of p r o j e c t  personnel  

i n t o  three d i s t i n c t  g roups ,  a l l  working toward t h e  com- 

mon o b j e c t i v e s  b u t  u t i l i z i n g  d i f f e r e n t  t echn iques  and 

procedures .  T h i s  sub-d iv is ion  r e s u l t e d  i n  groups w i t h  

t h e  fo l lowing  tasks:  

1. Alpha survey by p o r t a b l e  field instruments. 

2 .  Low-energy gamma survey  by vehicle-mounted gam- 

ma scanner .  

3. Plutonium f a l l o u t  survey w i t h  f i l t e r  d i sc  col- 

l e c t o r s .  

Operation Roller Coaster c o n s i s t e d  of  f o u r  s e p a r a t e  
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e v e n t s  s imula t ing  v a r i o u s  c o n f i g u r a t i o n s  of 

age and environmental  s i t u a t i o n s .  

Event/Abbreviat  ion  Conf igura t ion*  

Double Tracks - DT 1 u n i t  unconfined 

Clean S l a t e  I - CSI 9 u n i t s  unconfined 

Clean  S l a t e  I1 - CSII 1 9  u n i t s ,  ig loo,  

Clean S l a t e  I11 - CSIII 1 9  u n i t s ,  i g l o o ,  
2- foot  e a r t h  cove r  

8 - f o o t  e a r t h  cover  

weapon s tor-  . 
D-Day 

0255, PST 
1 5  May 1963 
0417, PST 
25 May 1963 
0347, PST 
31 May 1963 
0330, PST 
9 June 1963 

*Only one u n i t  i n  each even t  con ta ined  plutonium; thus ,  
t h e  p lu tonium a v a i l a b l e  f o r  d i s t r i b u t i o n  was cons idered  
e s s e n t i a l l y  c o n s t a n t .  The m u l t i p l e  u n i t s  c o n t r i b u t e d  
a v a r i a b l e  non-nuclear exp los ive  y i e l d  and additional uranium. 

P r o j e c t  2.5 personnel  p a r t i c i p a t e d  i n  a l l  f o u r  even t s  of  

Operat ion Roller Coaster. Chapters  2 ,  3 ,  and 4 w i l l  d i s -  

c u s s  t h e  v a r i o u s  aspects of each p a r t i c u l a r  f i e l d  group 

i n  each even t .  

1.1 OBJECTIVES 

The o b j e c t i v e s  of P r o j e c t  2.5 were: 

1, Radiac surveys  of plutonium-contaminated a r e a s  

and t h e  e s t ab l i shmen t  of contaminat ion l e v e l  con- 

t o u r s ,  

2 .  F e a s i b i l i t y  i n v e s t i g a t i o n  of p o r t a b l e  and mobile 

low-energy gamma d e t e c t i o n  techniques  f o r  p lu to-  

nium contaminat ion ove r  extended land  s u r f a c e s .  

C o r r e l a t i v e  s t u d i e s  t o  re la te  ins t rument  r ead ings  t o  

a b s o l u t e  s u r f a c e  l e v e l s  of  contaminat ion were t h e  j o i n t  

, 
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e f f o r t  of t h i s  p r o j e c t  and Project  2.3. As w e l l ,  some 

e f f o r t  was expended to collect deposition on filter discs also 

as a back-up for field survey data. 

.I 

1.2 BACKGROUND 

E a r l i e s t  i n v e s t i g a t i o n s  of s o i l  d e p o s i t i o n  l e v e l s  

from one-point weapons a c c i d e n t s  were made du r ing  t h e  

56 P r o j e c t  of November 1955 and January 1956 (Reference 1). These 

were of  l i t t l e  v a l u e  t o  Operat ion Roller Coaster because 

of t h e  l i m i t a t i o n s  of t e r r a i n ,  meteorology, instrumenta-  

t i o n  and o p e r a t i o n a l  c o n d i t i o n s  p r e v a i l i n g  a t  t h a t  t i m e .  

Bearing d i r e c t l y  on Opera t ion  Roller Coaster was TG-57 

of A p r i l  1957 conducted a t  t h e  Nevada T e s t  S i t e  

(Reference 2). This was a single event which included a project 

s imi la r  t o  Project  2.5. 

The r e s u l t s  of TG-57 e s t a b l i s h e d  t h e  valid- 

i t y  of measuring a l p h a  contaminat ion  l eve l s  on a common 

s u r f a c e  and t h a t  a s u i t a b l e  s u r f a c e  w a s  a brushed c o n c r e t e  

pad. The a c t u a l  dimensions of  t h e  pad were 1 0  inches  by 

1 0  i nches  i n  TG-57, but this area was not a critical 

factor .  This  t echn ique  w a s  inc luded  i n  all e v e n t s  of 

Roller Coaster w i t h  a h ighe r  d e n s i t y  of pad s u r f a c e s  than  

in  TG-57 and utilized similar pads one foot square. 

The low-energy gamma technique  f o r  Pu 239 d e t e c t i o n  

h a s  been i n v e s t i g a t e d  by s e v e r a l  groups.  The IIanford 
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Symposium on t h e  Biology of t h e  Transu ran ic  Elements,  Rich- 

l and ,  Washington, May28to30, 1962, d i scussed  t h i s  technique  

at some length (Reference 3). 

I n  1 9 6 0  t h e  E b e r l i n e  Instrument  

Corpora t ion ,  Santa  Fe, N e w  Mexico, developed a plutonium 

gamma probe for f i e l d  u s e  and eva lua ted  i t s  performance i n  

s e l e c t e d  a r e a s  of t h e  Nevada T e s t  S i t e  (Reference 4). Subsequent 

e v a l u a t i o n s  have occurred  from time t o  time by t h e  person- 

n e l  of t h e  Rad io log ica l  S a f e t y  Div is ion ,  Reynolds E l e c t r i -  

cal  and Engineer ing Co., Mercury, Nevada (Reference 5). Several 

contaminat ing e v e n t s  of Opera t ion  Dominic proved t h i s  

probe t o  be a u s e f u l  t o o l  i n  a c c i d e n t  situations (Reference 6).  

Operat ion Roller Coaster supp l i ed  exce l l en t  f i e l d  

c o n d i t i o n s  t o  pursue f u r t h e r  t h e  low-energy gamma t ech -  

n ique  and pe rmi t t ed  c o i n c i d e n t  a lpha  measurements. Simi-  

l a r l y ,  expe r i ence  t o  d a t e  i n d i c a t e d  s u f f i c i e n t  conf idence  

i n  t h e  technique  t o  warran t  i t s  i n c o r p o r a t i o n  i n t o  a ve- 

hicle-mounted c o n f i g u r a t i o n .  

The TG-57 alpha-monitoring d a t a  were r e p o r t e d  

i n  u n i t s  of micrograms of Pu 239 p e r  square  meter of sur -  

f a c e  a r e a  ( u g / m 2 ) .  

usage since that time. However, factors for converting actual instrument 

readings to disintegration rates have not been developed far Operation 

Roller Coaster situations. 

This  u n i t  has  come i n t o  r a t h e r  g e n e r a l  

, 
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The factors from TG-57 may be incorporated.  i n t o  

t h i s  r e p o r t  by t h e  reader  a t  h i s  own r i s k  
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CHAPTER 2 

ALPHA S U R V E Y ,  PORTABLE RADIAC 

A l l  p r o j e c t  personnel  r ece ived  o p e r a t i o n a l  and ad- 

m i n i s t r a t i v e  b r i e f i n g s  a t  l e a s t  t h i r t y  days i n  advance 

of t h e  f i r s t  even t .  This  was followed by t r a i n i n g  

exercises i n  t h e  classroom and i n  a c t u a l  a lpha  contami- 

nated a r e a s .  Emphasis w a s  p laced  on in s t rumen t  techniques  

and on t h e  importance of d a t a  r e l i a b i l i t y .  Most a l l  o f  

t h e  p r o j e c t  personnel  had been exposed t o  vary ing  degrees  

i n  t h e  r a d i o l o g i c a l  s a f e t y  a s p e c t s  of a lpha  monitor ing 

b e f o r e  assignment t o  Opera t ion  Roller Coaster. I t  was 

cons idered  e s s e n t i a l  t h a t  t h i s  expe r i ence  be tempered by 

t h e  o b j e c t i v e s  of t h e  p r o j e c t  i n  o r d e r  t h a t  t h e s e  objec-  

t i v e s  would n o t  be compromised by p r i o r  i n s t r u c t i o n  or 

d i r e c t i v e s .  Cons iderable  e f f o r t  was made t o  impress on 

p r o j e c t  pe r sonne l  t h a t  t h i s  was a s c i e n t i f i c  experiment  

and n o t  a r a d i o l o g i c a l  s a f e t y  e x e r c i s e .  

2 . 1  INSTRUMENTATION 

The b a s i c  ins t rument  f o r  de te rmining  s u r f a c e  a lpha  

contaminat ion  was t h e  E b e r l i n e  Ins t rument  Corpora t ion  

Model PAC-3G P o r t a b l e  Gas P r o p o r t i o n a l  Alpha Counter. 

This  i n s t rumen t  was s e l e c t e d  because of  i t s  a v a i l a b i l i t y  

i n  q u a n t i t y ,  t h e  performance of an e a r l i e r  model i n  t h e  
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TG-57 (Model PAC-1G) , t h e  l i n e a r  c h a r a c t e r i s t i c s  

of  i t s  probe,  i t s  p la t eau - type  o p e r a t i o n  f o r  s t a b i l i t y ,  

and, t h e  summation o f  t h e s e  f e a t u r e s ,  i t s  c a p a b i l i t y  

t o  provide  r e l i a b l e  and r ep roduc ib le  informat ion .  The 

PAC-3G i s  shown i n  F igu re  2.1. 

A l l  p o r t a b l e  in s t rumen t s  were made a v a i l a b l e  from 

e x i s t i n g  i n v e n t o r i e s  a t  v a r i o u s  DOD i n s t a l l a t i o n s .  

They were accumulated a t  t h e  manufac tu re r ' s  main p l a n t  

i n  San ta  F e r  N e w  Mexico, where thorough i n s p e c t i o n ,  re- 

pair ,  and checkout were performed. T h i s  p laced  them i n  

e s s e n t i a l l y  new c o n d i t i o n  f o r  Roller Coaster. T h r e e  

minor m o d i f i c a t i o n s  were inco rpora t ed  i n  t h e  Model PAC-3G 

a t  t h i s  t i m e .  F i r s t ,  t h e  reset b u t t o n ,  which speeds t h e  

r e t u r n  of  t h e  meter t o  ze ro  a f t e r  an upsca le  response ,  

was moved from t h e  t o p  cover  t o  a p o s i t i o n  on t h e  forward 

end of  t h e  c a r r y i n g  handle .  Th i s  was a convenience change 

found t o  be  advantageous when o p e r a t i n g  i n  t h e  f i e l d  w i t h  

bulky g loves .  The second mod i f i ca t ion  lengthened t h e  

response time on t h e  most s e n s i t i v e  range (0 to 1,000 counts /  

min) of  t h e  i n s t rumen t  from about  t e n  seconds t o  about  one 

minute.  This  a l t e r a t i o n  was cons idered  necessary  t o  add 

s t a t i s t i c a l  s i g n i f i c a n c e  t o  r ead ings  made on  t h i s  range. 

L a s t l y ,  t h e  f o u r  screws a t  each c o r n e r  of t h e  probe f a c e  

were r ep laced  by f i l l i s t e r  head screws. T h i s  provided 
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feet so that the probe could be positioned reproducibly above an alpha- 

action surface t o  i n s u r e  r ep roduc ib le  geometry du r ing  

monitor ing and c a l i b r a t i o n  o p e r a t i o n s  wh i l e  mini -  

mizing t h e  chances of  probe f a c e  contaminat ion.  

The Model PAC-3G uses  s p e c i a l l y  p u r i f i e d  propane 

g a s  f o r  t h e  count ing  atmosphere. T h i s  gas  i s  con ta ined ,  

a s  a l i q u i d  under p r e s s u r e ,  i n  a sma l l  c y l i n d e r  mounted 

i n  t h e  base of  t h e  ins t rument .  The flow of  propane t o  

t h e  d e t e c t i o n  chamber is c o n t r o l l e d  by a t h r e e  p o s i t i o n  

(OFF, OPERATE, FLUSH) gas  r e g u l a t o r  va lve .  Normal 

f l u s h i n g  t i m e  

t h e  ins t rument  i s  s t a b i l i z e d  f o r  monitor ing.  I t  was 

t h e  p r e s c r i b e d  p r a c t i c e  of a monitor ing team t o  l e a v e  

t h e  r e g u l a t o r  va lve  i n  t h e  OPERATE p o s i t i o n  cont inu-  

o u s l y  a f t e r  adequate  f l u s h i n g  r a t h e r  t han  t u r n  it t o  

OFF a f t e r  each se t  of r ead ings  w a s  ob ta ined .  

s less than  f i v e  m i n u t e s l a t  which t i m e  

The Model PAC-3G has a d e t e c t i n g  probe w i t h  60  c m 2  

of sensitive measuring area. Double aluminized Mylar, 0 .85  mg/cm2 

i n  t h i c k n e s s ,  is used f o r  window m a t e r i a l .  Instrument  

e l e c t r o n i c s  p rov ides  a v a r i a b l e  h igh -vo l t age  power 

supply  from approximately 1,500 v o l t s  to  1 , 9 0 0  v o l t s .  

Each ins t rument  used by t h e  p r o j e c t  was found t o  have 

a useab le  p l a t e a u  l eng th  of 200 v o l t s  and was set  a t  

t h e  mid-point of  t h a t  p l a t e a u .  
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The b a s i c  p o r t a b l e  ins t rument  f o r  de te rmining  

surface contaminat ion by low-energy gamma d e t e c t i o n  

w a s  t h e  E b e r l i n e  Instrument  Corporation Model PAC-1s coupled 

wi th  the Model PG-1 Plutonium Gamma Probe. This  i n -  

s t rument  and probe combination was s e l e c t e d  because 

i t  was unique i n  t h e  United States f o r  t h i s  a p p l i c a t i o n ,  

I t  is shown i n  F igu re  2 .2 .  

The Model PG-1 Probe c o n s i s t s  o f  a 1- inch photo- 

m u l t i p l i e r  tube, crysta1,and window encased i n  a rug- 

gedized  housing. The crystal  i s  a 1-nun t h i c k  N a I  (Tl) 

phosphor covered w i t h  0.001 nun double aluminized Mylar. 

2.2 CALIBRATION 

Maintenance and c a l i b r a t i o n  f ac i l i t i e s  f o r  a l l  

portable f i e l d  survey  equipment were set up i n  a t ra i le r  

a t  base Camp and t e c h n i c i a n s  fu rn i shed  by va r ious  organi -  

za t ions  were supe rv i sed  by Eber l ine  personnel .  Complete 

r e p a i r ,  c a l i b r a t i o n ,  and t e s t i n g  f a c i l i t i e s  were a v a i l a b l e .  

Figure2.3shows a view o f  t h e s e  f a c i l i t i e s  from t h e  doorway. 

PAC-3G ins t rumen t s  were checked for p l a t e a u  s e t t i n g  and 

then  c a l i b r a t e d  aga ins t  primary Pu239 

sources (F igu re  2 A). These sources were 

s t a n d a r d i z e d  w i t h i n  f 2% of  a b s o l u t e  27r a lpha  emiss ion  

ra te  by i n t e r n a l  p r o p o r t i o n a l  coun t ing ,us ing  equipment 

p rev ious ly  c ros s - r e fe renced  wi th  t h e  Na t iona l  Bureau of 

extended a r e a  
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Standards  w i t h i n  f 1 percent .  Instrument  response was 

adjusted to within 10 percent of the 2 II alpha emission rate per 

60 cm of t h e  a p p r o p r i a t e  source.  2 

C a l i b r a t i o n  and maintenance procedures  f o r  t h e  PAC- 

3G were as fol lows:  

1. Check b a t t e r y  v o l t a g e  under load. 

2.  Check g a s  supply ,  f l u s h  probe, and check probe 

f a c e  f o r  punctures .  

3. Remove ins t rument  power supply module and a t t a c h  

u n i t  t o  Mosely X-Y P l o t t e r  and e x t e r n a l  v a r i a b l e  

power supply.  

Run an a lpha  p l a t e a u  u s i n g a  1-inch diameter .PU''~ alpha 

source.  Observe t h e  mid-plateau vo l t age .  D i s -  

connect p lo t t e r  and e x t e r n a l  power supply and 

r e - i n s t a l l  power supply module. Connect elec- 

t r o s t a t i c  vo l tme te r  t o  ins t rument  and set  h igh  

v o l t a g e  a t  mid-plateau. 

4.  

5. Check t h e  g a s  flow i n  bo th  f l u s h  and count  posi-  

t i o n s .  

6. Check i n s t r u m e n t  background. 

7. The ins t rument  i s  ready f o r  c a l i b r a t i o n .  The 

primary c a l i b r a t i o n  sources a r e  E I C  l a r g e  a r e a  

( 6  cm by 2 0  cm) p l a t e s ,  coa ted  w i t h  e lec t rode-  

p o s i t e d  Pu 239 and s t anda rd ized  t o  wi th in  2 2 
percen t .  C a l i b r a t i o n  i s  accomplished by a d j u s t -  

. 

22 



ing po ten t iome te r s  w i t h i n  t h e  ins t rument  t o  

give t h e  2 fi source s t r e n g t h  read-  

ings .  

0.  Place  t h e  b e t a  source  under t h e  probe and observe 

instrument  response ,  which should be zero t o  i n -  

s u r e  proper  d i s c r i m i n a t i o n  a g a i n s t  b e t a  r a d i a t i o n .  

9.  Before i s s u e ,  i n s t a l l  a f u l l  b o t t l e  of  propane 

gas .  

The procedures  o u t l i n e d  i n  S t e p s  1 through 9 were 

fol lowed f o r  a l l  i n s t rumen t s  i s sued ,  p r i o r  t o  each  of t h e  

f o u r  s h o t s  scheduled.  For i n t e r i m  u s e  of  i n s t r u m e n t s  

a f t e r  D-day, t h e  same procedure w a s  fo l lowed,  excep t  t h a t  

t h e  p l a t e a u  phase was no t  run. F igure  2 . 5  shows a tech-  

n i c i a n  performing c a l i b r a t i o n  o p e r a t i o n s .  

1 A set  of secondary Pu 239 sources, each1 /s i nches  i n  

diameter, was provided t o  each f i e l d  team (F igure  2.6). 

The corresponding in s t rumen t  r e sponse  t o  t h e s e  sou rces  

a f t e r  primary c a l i b r a t i o n  was noted.  The f i e l d  technique  

was t o  check t h i s  c a l i b r a t i o n  a f t e r  r ead ing  each c o n c r e t e  

pad on t h e  range i n  which t h e  pad r ead ings  f e l l .  The 

f i e l d  d a t a  form provided space f o r  i n s e r t i n g  t h i s  i n f o r -  

mation (F igu re  2 . 7 ) .  

The on ly  f i e l d  problems of any s i g n i f i c a n c e  f o r  

PAC-3G maintenance, o t h e r  t han  r o u t i n e  c a l i b r a -  

t i o n  and p l a t e a u  checks, were probe f a c e  punc tu re  and 



probe f a c e  contaminat ion.  A f t e r  t h e  survey team person- 

n e l  became f a m i l i a r  w i t h  t h e  ins t rument  and i t s  proper  

u s e ,  t h e s e  problems were minimized, w i th  probe f a c e  con- 

tamina t ion  being more p r e v a l e n t .  

The procedure f o r  i n i t i a l  and subsequent  c a l i b r a t i o n s  

of the Model PAC-lS/PG-l gamma-sensitive combination utilized the three 

sou rces  i n  t h e  s i n g l e  r e c t a n g l e  on t h e  r i g h t  of F igure  

2 . 6 .  T h i s  was a n  a r b i t r a r y  procedure because of t h e  l i m i -  

t a t i o n s  of source  s i z e  and s t r e n g t h ,  Instrument  back- 

ground was set  t o  r ead  approximately 2 , 5 0 0  cpm by vary ing  

t h e  electronic d i s c r i m i n a t o r  po ten t iometer .  T h i s  prevented 

t h e  use of t h e  most s e n s i t i v e  range of 0 to 2,000 cpm. The 

PG-1 probe, connected t o  t h e  PAC-1S c h a s s i s ,  was p laced  

i n  c o n t a c t  w i th  t h e  sou rces  s u c c e s s i v e l y ,  and t h e  c a l i -  

b r a t i o n  po ten t iome te r s  f o r  each s c a l e  were v a r i e d  so t h a t  

t h e  ins t rument  response  was 3 p e r c e n t  of t h e  2 r a lpha  

emission r a t e ,  While t h i s  t echnique  does  no t  provide  

a b s o l u t e  c a l i b r a t i o n  f o r  f i e l d  a p p l i c a t i o n s ,  it does 

permi t  uniform read ings  between ins t ruments  i n  t h e  absence 

of a p p r o p r i a t e l y  l a r g e  a r e a ,  uniform sources .  

I n  t h e  c a s e  of t h e  l o w  energy gamma read ing ,  it 

was necessary  t o  observe  background r a d i a t i o n  i n t e r f e r e n c e  

a t  each s t a t i o n .  T h i s  was accomplished by d i r e c t i n g  t h e  

s e n s i t i v e  f a c e  of t h e  probe upward, r ead ing  t h e  i n s t r u -  

ment response  and r eco rd ing  t h e  d a t a  as background on 
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t h e  form (F igu re  2 . 7 ) .  This  was performed as i l l u s t r a t e d  

i n  F igu re  2.8. The p r e s c r i b e d  c o n f i g u r a t i o n  for a low 

energy gamma probe r ead ing  was over  t h e  center of t h e  

concrete pad a t  a h e i g h t  of  30 inches .  

2.3 PROCEDURES 

The a r r a y  of monitor ing s t a t i o n s :  i .e.,  a 12-inch 

by 12-inch brushed c o n c r e t e  pad (F igu re  2 .9 )  , w a s  s i m i l a r  

fo r  each  of t h e  f o u r  events .  These a r r a y s  d i f f e r e d  on ly  

i n  t h e  d i s t a n c e  downwind t o  which they  extended (F igu re  

2 . 1 0 ) .  

a long each  a r c  i n  t h e  downwind quadrant  (F igu re  2.11) and 

a t  each g r i d  i n t e r s e c t i o n  i n  t h e  r e c t a n g u l a r  s e c t o r s  (Fig-  

u r e  2 . 1 2 ) .  This  meant t h e r e  were 1 2 1  pads on each a r c  

downwind and r e c t a n g u l a r l y  spaced 50, 1 0 0 ,  and 250  f e e t  

on t h e  A, B,  and C g r i d s , r e s p e c t i v e l y , f o r  t h e  c l o s e - i n  

a r e a s ,  A l l  s t a t i o n s  were l o c a t e d  and marked,using a sur -  

v e y o r ' s  t r a n s i t  an? cha in .  Pads were then  s t e n c i l e d  w i t h  

l o c a t i o n  d e s i g n a t i o n ;  e.g., D-020 i n d i c a t i n g  D a r c ,  S ta -  

t i o n  #20 .  The c o n c r e t e  pads were then  wrapped i n  watcr- 

proof paper which was removed on t h e  a f t e rnoon  of D-1 

a f t e r  a l l  d u s t  g e n e r a t i n g  o p e r a t i o n s  were complete.  I n  

t h e  even t  of s h o t  c a n c e l l a t i o n ,  pads were inspec ted  on 

each subsequent  D-1 and swept c l ean  of d u s t  or d e b r i s  

when necessa ry .  To v e r i f y  accuracy of placement,  a l l  

A s i n g l e  concrete pad was placed a t  3 / 4 O  i n t e r v a l s  
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pads were accountable) and random checks were made inde-  

pendent ly  by supe rv i so ry  personnel .  

The c lose - in  g r i d  a r r a y s  were e s s e n t i a l l y  t h e  same 

f o r  each event,  w i th  a concrete pad being placed a t  t h e  

i n t e r s e c t i o n  of each g r i d  l i n e  f o r  g r i d s  A, B,  and C . 

excep t  f o r  CSII and CSIII, where t h e  e a r t h  overburden 

and c o n s t r u c t i o n  made it i m p r a c t i c a l  t o  ins t rument  t h e  

A Grid (F igu re  2 . 1 2 ) .  

Two- and three-man teams were ass igned  s p e c i f i c  

sectors or arcs. Each team was equipped w i t h  a two-way 

r a d i o ,  3/4-ton weapons c a r r i e r ,  a set  of c a l i b r a t i o n  

sources ,  and a set  of p o r t a b l e  a lpha  and low enerqy 

gamma r a d i a c s  (PAC-3G, PG- l /PAC- lS) .  A l l  o p e r a t i o n s  

w e r e  performed wi th  personnel  i n  an t i -contaminat ion  

c l o t h i n g  (F igu re  2.13) a s  s p e c i f i e d  by t h e  T e s t  Manager's 

Rad io log ica l  S a f e t y  Standard Operat ing Procedures.  Por t -  

a b l e  survey  equipnent  w a s  p laced i n  t h i n  po lye the lene  bags ,  

and t h e  c a b l e  was wrapped wi th  masking t a p e  t o  reduce the  

contaminat ion problem on r e t u r n  from t h e  f i e l d  (F igu re  

2 . 1 4 ) .  

Teams ass igned  t o  t h e  r e c t a n g u l a r  g r i d  s t a t i o n s  

around GZ remained a t  t h e  Cont ro l  Po in t  (CP) u n t i l  t h e  

completion of an independent survey by t h e  e x p l o s i v e  

s a f e t y  team. Teams ass igned  t o  t h e  downwind a r c s  assem- 

b l ed  a t  t h e  Re-entry Cont ro l  Po in t  ( R C P )  u n t i l  d a y l i g h t .  
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The  vehicle-mounted low-energy gamma d e v i c e s  were posi-  

t i o n e d  a t  t h e  RCP as w e l l .  These two v e h i c l e s  moved 

across t h e i r  r e s p e c t i v e  arcs, one close-in and one f a r  

ou t .  The t i m e  of  e n t r y  was delayed u n t i l  depositionwas 

complete a long t h e  arcs of i n t e r e s t .  The mission was t o  

o b t a i n  contaminat ion boundar ies  and h o t  l i n e  informa- 

t i o n .  T h i s  in format ion  was rad ioed  back t o  t h e  p r o j e c t  

c o n t r o l  p o i n t  where it was p l o t t e d .  

Because Roller 

Coaster d e t o n a t i o n s  occurred  i n  t h e  pre-dawn hours ,  t h i s  

gamma survey was w e l l  under way and supplying u s e f u l  d a t a  

b e f o r e  t h e  a lpha  survey  teams could proceed. 

At daybreak, o r  s h o r t l y  t h e r e a f t e r ,  t h e  f i e l d  teams 

were d i r e c t e d  t o  proceed w i t h  t h e i r  moni tor ing  assignments ,  

modif ied as necessa ry  by t h e  p re l imina ry  d a t a  r ece ived  from 

meteo ro log ica l  and mobile  survey u n i t s .  In t h i s  manner t h e  

s t a t i o n s  w i t h  r easonab le  expectancy of y i e l d i n g  p o s i t i v e  

contaminat ion  d a t a  were i n v e s t i g a t e d  f i r s t .  The monitor  

p laced  t h e  probe i n  t h r e e  l o c a t i o n s  on t h e  c o n c r e t e  pad, 

so t h a t  screw heads were i n  c o n t a c t  w i th  t h e  s u r f a c e  (Fig- 

u r e  2.15). A f t e r  t h e s e  r e a d i n g s  were recorded ,  a c a l i b r a -  

t i o n  check w a s  made i n  t h e  same geometry,and t h e  r e s u l t s  

recorded.  I t  should be noted t h a t  t h e  c a l i b r a t i o n  check 

w a s  made o n l y  on t h e  scale being used ,  n o t  ove r  a l l  ranges  

each t i m e .  I n  t h i s  t i m e ,  a l s o ,  t h e  two vehicle-mounted 
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d e t e c t o r s  extended t h e i r  t r a v e r s e s  of t h e  a r r a y  t o  pro- 

v ide  a cont inuous scan of a l l  a r c s .  

2.4  EVENT PARTICIPATION 

Alpha survey teams p a r t i c i p a t e d  i n  a l l  f o u r  e v e n t s  

of Operat ion Roller Coaster. D e t a i l s  of t h e i r  p a r t i c i -  

p a t i o n  i n  each even t  are o u t l i n e d  i n  t h e  ensuing para-  

graphs  

2.4.1 Alpha Survey Opera t ions  i n  Double Tracks 

Event  (0255,  15 May 1 9 6 3 ) .  Ten a lpha  monitor ing teams, 

each c o n s i s t i n g  of two men, w e r e  d i spa tched  a t  d a y l i g h t  

t o  A r c s  B through K ,  where s t a t i o n s  were monitored a c r o s s  

t h e  f a l l o u t  a r e a  a s  i n d i c a t e d  by t h e  vehicle-mounted 

gamma scanners .  The monitor ing r u n s  were made i n i t i a l l y  

from eas t  t o  west because of t h e  l o c a t i o n  of t h e  Re-entry 

Cont ro l  Po in t  (no te  ACP p o s i t i o n  i n  F igu re  2 . 1 1 ) .  A f t e r  

completing t h e i r  f i r s t  arc, which took 2 t o  3 hours ,  t h e  

teams l e f t  t h e  a r e a  for a rest  breakland  t h e  remaininq 

seven a r c s  were then  monitored i n  l i k e  manner; i .e.,  a c r o s s  

t h e  segment found act ive by t h e  gamma scanner .  

On ~ + 1 ,  remaining pads were surveyed f o r  a lpha  contami- 

n a t i o n .  Resurveys of t h e  area were conducted on D+3 and D+9  

b u t  were l i m i t e d  t o  every  o t h e r  a r c  ( B ,  D ,  F, H, J ,  L ,  N ,  P I  

and R )  and every  f i f t h  s t a t i o n  l o c a t i o n  on t h a t  a r c  between 

030 and 070,  e.g., 030 ,  035, 040---070. 
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Concurrent  w i t h  t h e  arc  mon i to r ing ,  f i v e  teams e n t e r e d  

t h e  g r i d  a r r a y )  i .e. ,  t h e  area w i t h i n  2 , 0 0 0  f e e t  of GZ (Fig-  

u r e  2 . 1 2 ) ,  where a 1-foot-square brushed concrete pad had 

been located a t  each  i n t e r s e c t i o n  of t h e  a r r a y .  

A l l  g r i d  a r r a y  teams e n t e r e d  t h e  a r r a y  from t h e  C 5  

w i t h  one team a c t i n g  as a c o n t r o l  u n i t .  The o t h e r  f o u r  

teams fo l lowed a zig-zag p a t t e r n  from n o r t h  t o  s o u t h  w i t h  

t w o  teams working t h e  C Gr id  and two teams working t h e  A 

and €3 Grids.  

Three special  pad c l u s t e r s  c o n s i s t i n g  of 36 of  t h e  

1- s q u a r e - f o o t  c o n c r e t e  pads (6 f e e t  by 6 f e e t )  were p laced  

i n  t h r e e  l o c a t i o n s  2 , 0 0 0  f e e t  downwind. I t  was planned t o  

monitor  t h e s e  c l u s t e r s  a f t e r  d e t o n a t i o n  f o r  a l p h a  contami- 

n a t i o n  wi th  t h e  Model PAC-3G and fo r  l o w  energy  gamma wi th  

t h e  vehicle and p o r t a b l e  d e t e c t o r s  t o  o b t a i n  c o r r e l a t i v e  

fac tors  u t i l i z i n g  a common s u r f a c e  of larger  a rea .  Unfor- 

t u n a t e l y ,  on Double Tracks, none of t h e  c lus te rs  r e c e i v e d  

a s u f f i c i e n t l y  h igh  contaminat ion  l e v e l  t o  produce reli-  

able  gamma read ings ;  t h e  a l p h a  a c t i v i t y  w a s  l i k e w i s e  low 

b u t  e a s i l y  r e a d a b l e  w i t h  t h e  PAC-3G ( F i g u r e  2 .16) .  Low 

ene rgy  gamma measurements were made w i t h  a portable i n s t r u -  

ment ( P G - ~ / P A C - ~ S )  a t  a l l  s t a t i o n  l o c a t i o n s  d u r i n g  t h e  

i n i t i a l  survey.  This  t echn ique  d i d  n o t  y i e l d  s i g n i f i c a n t  

i n fo rma t ion  on t h e  D-day su rvey  due t o  t h e  general  low l e v e l  

of Contamination and was d i s c o n t i n u e d  on subsequent  su rveys  
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excep t  a t  a f e w  s p e c i a l  l o c a t i o n s .  

On D+1 it was observed t h a t  some l o c a t i o n s ,  e s p e c i a l l y  

t h e  GZ pad and i t s  steel p l a t e ,  were contaminated beyond 

t h e  l i m i t s  of t h e  instruments  a v a i l a b l e .  Extens ive  i n v e s t i -  

g a t i o n s  of t h e  immediate GZ a r e a ,  i nc lud ing  t h e  c o n c r e t e  pad, 

were made on D+3, 4 ,  5 ,  and 8 .  S i n c e  t h e  E b e r l i n e  I n s t r u -  

m e n t  Corporat ion had j u s t  completed t h e  product  on of s i x  

s p e c i a l  a lpha  probes t o  be used w i t h  t h e  PAC-1S e l e c t r o n i c s  

package, t h e s e  were brought  t o  t h e  s i t e  on D+5, complete 

w i t h  sets of f i v e  c o l l i m a t i n g  s h i e l d s .  The probes were t h e  

Model RASP-1 (Ruggedized Alpha S c i n t i l l a t i o n  Probe) which 

have an uncol l imated  viewing a r e a  of  5 c m 2  (approximately 

7/8 inch  d i a m e t e r ) .  The c o l l i m a t i n g  s h i e l d s  have d r i l l e d  

h o l e s  of 3/4 ,  1 / 2 ,  3 / 8 ,  1/4, and 1/8 i n c h  diameters, t o  

reduce t h e  a c t i v e  a r e a  and consequent ly  i n c r e a s e  t h e  range 

of t h e  ins t rument .  The a t t e n u a t i o n  f a c t o r  of each c o l l i -  

mator was determined by comparing the  r ead ing  on 1-1/8- 

i nch  d i s c  source  w i t h  and wi thou t  t h e  c o l l i m a t o r .  T h e s e  

f a c t o r s  ranged from 1.8 t o  75 , r e spec t ive ly .  F iqu re  2 .17  

p r e s e n t s  t h e  r e s u l t s  of t h e  DoubleTraxks GZ survey us ing  

t h i s  probe. The numbers have no q u a n t i t a t i v e  v a l u e ,  be- 

cause  t h e  e f f e c t s  of self abso rp t ion  have no t  been deter- 

mined. 

more r e l i a b l e  d a t a  (Reference 7) .  

A t  such levels,gamma d e t e c t i o n  t echn iques  o f f e r  

. 

. 
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2.4.2 Alpha Survey Opera t ions  i n  t h e  Clean S l a t e  I 

W e n t  (0417, 2 5  Hay 1963) .  The Clean Slate I a r r a y  of 

monitor ing s u r f a c e s  was t h e  same a s  f o r  Double Tracks, 

less A r c s  Q and R. T h i s  provided some t ime advantage i n  

surveying  which, coupled w i t h  t h e  exper ience  ga ined  i n  

Double Tracks, pe rmi t t ed  a r e v i s i o n  i n  o p e r a t i o n a l  p lans .  

Ten a lpha  survey teams of two men each were ass igned  i n i -  

t i a l l y  t o  Arcs B, C ,  D, E ,  F, H, J ,  L ,  N, and P. A s  t h e  

survey of  an a r c  was completed, teams were d i r e c t e d  t o  an 

i n t e r v e n i n g  a r c  wi thou t  l eav ing  t h e  a rea .  Using t h i s  t ech-  

n ique ,  t h e  D-day a lpha  survey  of a l l  a r c s  w a s  completed by 

H+6 hours.  The  ex t remely  narrow contaminat ion p a t t e r n  re- 

s u l t i n g  from C l e a n  S l a t e  I aided t h i s  e f f o r t  since o n l y  

about  20 s t a t i o n s  on each a r c  came wi th in  t h e  1OO-cpm 

boundar ies  ( a s  determined by t h e  Model PAC-3G). 

'Dhe GZ g r i d  a r r a y  was monitored s imul taneous ly  w i t h  

t h e  arc a r r a y  by f o u r  three-man teams. Since  a l l  a lpha  

survey d a t a  f o r  D-Day w a s  ob ta ined  b e f o r e  noon, the deposition 

p a t t e r n  on t h e  a r r a y  was completed by H+12 hours ,  a t  

which time t h e  p r o j e c t  secured f o r  t h e  day. Contamination 

p a t t e r n s  were p l o t t e d  a s  in format ion  w a s  ob ta ined  from t h e  

f i e l d  d u r i n g  t h e  a c t u a l  a lpha  survey a s  an a s s i s t a n c e  t o  

o t h e r  organ z a t i o n s .  

On D + 1  remaining s t a t i o n s  were monitored,  and t h e  

s p e c i a l  pad c l u s t e r  was monitored for alpha activity later in  the 
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day (F igure  2.18).  T h e  GZ a r e a  was p o l i c e d  f o r  d e b r i s  and 

fragments  s c a t t e r e d  by t h e  de tona t ion  which were c o l l e c t e d  

f o r  l a b o r a t o r y  a s say  i n  t h e  i n t e r e s t  of plutonium account- 

ancy. The i n i t i a l  survey of t h e  conc re t e  pad a t  G Z  was per- 

formed on D+1 .  Monitoring of t h e  24-foot-square c o n c r e t e  GZ 

pad was p o s s i b l e  o n l y  w i t h  low energy gamma t echn iques ,  as 

a lpha  a c t i v i t y  was extremely h igh  and v e r y  v a r i a b l e  w i t h  

smal l  v a r i a t i o n s  i n  d e t e c t o r  placement. Also,  r ibbons  of 

sand and d i r t  were l e f t  on t h e  pad by t h e  d e t o n a t i o n .  These 

were h igh ly  contaminated and d i f f i c u l t  t o  a s say  by a lpha  

monitor ing.  Low energy gamma measurements were made over  

each c o r n e r  of t h e  pad w i t h  t h e  v e h i c l e  mounting d e t e c t o r s .  

These were supplemented a t  t h e  same and a t  o t h e r  l o c a t i o n s  

wi th  t h e  Model PG-1 p o r t a b l e  gamma d e t e c t o r .  Using t h e  

c o r r e l a t i v e  f a c t o r s  a l r e a d y  e s t a b l i s h e d ,  a lpha  e q u i v a l e n t s  

were as s igned  t o  a r e a s  a s  shown i n  F igu re  2 .19 .  

2.4.3 Alpha Survey Opera t ions  i n  Clean S l a t e  I1 

Even t  ( 0 3 4 7 ,  3 1  May 1963). The C l e a n  S l a t e  I1 a r r a y  of 

monitor ing s u r f a c e s  extended on ly  t o  17,500 f e e t  down- 

wind and inc luded  11 axcs a s  opposed t o  17 a r c s  t o  

48,500 f e e t  on Double Tracks and t o  15 a r c s  t o  37,500 

f e e t  on C l e a n  S l a t e  I .  Ten  a lpha  survey teams were re- 

l e a s e d  a t  d a y l i g h t  from t h e  RCP t o  monitor  a s s igned  a r c s .  

The remaining two a r c s  were surveyed 

a f t e r  by those  teams which completed 

immediately the re -  

t h e  i n i t i a l  a r c  t h e  

. 
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ear l ies t .  

hours.  

The entire alpha survey of arcs was completed by H + 6  

Ea r ly  gamma and a l p h a  survey  in fo rma t ion  i n d i c a t e d  

a wide p a t t e r n  of contaminat ion ex tending  throughout  t h e  

ins t rumented  a r r a y .  An appa ren t  h o t  l i n e  between S t a t i o n s  

0 2 0  and 0 4 0  was i n d i c a t e d  by t h e  vehicle-mounted scanner .  

The p a t t e r n  of moni tor ing  f o r  a l p h a  contaminat ion  was modi- 

f i e d  from p rev ious  e v e n t s  t o  f a c i l i t a t e  r a p i d  surveying  of 

t h i s  l a r g e  area. F i e l d  teams were i n s t r u c t e d  t o  proceed 

from w e s t  t o  ea s t ,  moni tor ing  e v e r y  f i f t h  pad 

t o  S t a t i o n  040 .  From t h i s  l o c a t i o n  each  pad w a s  monitored 

u n t i l  a l e v e l  of 1 0 0  cpm p e r  PAC-3G probe area w a s  reached. 

This  was a f o r t u n a t e  change i n  p l a n s  because t h e  a l p h a  

survey  i n  t h i s  f a s h i o n  was completed b e f o r e  an unexpected 

heavy r a i n  storm h i t  t h e  a r r a y  a t  H + 9  hours .  Survey of A 

and B g r i d s  w a s  n o t  completed b e f o r e  t h e  r a i n ,  and conse- 

q u e n t l y  some in fo rma t ion  i n  t h e  GZ area was l o s t .  The 

survey  would have been l i t t l e  ove r  h a l f  f i n i s h e d  by t h i s  

t i m e  had every  s t a t i o n  been monitored.  Th i s  r a i n  p l u s  

t h a t  on ensu ing  days made a d d i t i o n a l  a lpha  su rveys  imprac- 

t i c a l .  The  c l u s t e r  of 36 c o n c r e t e  pads a t  S t a t i o n  CP05 

was monitored on t h e  morning of D-Day wi th  t h e  PAC-3G 

ana p o r t a b l e  l o w  energy  gamma d e t e c t o r ,  Model PG-1. The 

r e s u l t s  are p resen ted  i n  F igu re  2 .20 .  
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2 . 4 . 4  Alpha Survey Opera t ions  i n  Clean S l a t e  711 

Event (0330, 9 June 1963) .  The Clean S l a t e  I11 a r r a y  of 

monitor ing s u r f a c e s  was i d e n t i c a l  w i th  t h a t  employed f o r  

t h e  C l e a n  S l a t e  I1 event .  

Ten a lpha  survey teams were r e l e a s e d  a t  d a y l i g h t  from 

t h e  Re-entry Cont ro l  P o i n t  t o  monitor  ass igned  arcs. The 

remaining a rc  was surveyed immediately t h e r e a f t e r .  TWO 

teams also monitored t o  t h e  sou th  of  t h e  a r r a y  du r ing  t h i s  

per iod .  The C l e a n  S l a t e  I a r e a  was l o c a t e d  almost due 

sou th  of C l e a n  S l a t e  I11 area,  and c l e a n  c o n c r e t e  pads had 

been p laced  down t h e  e a s t  and w e s t  r a d i a l s  a t  A r c s B  through 

P of  Clean Slate I t o  provide  a d d i t i o n a l  monitor ing s u r -  

f a c e s  i n  t h e  event  t h e  f a l l o u t  p a t t e r n  i n t e r c e p t e d  t h i s  

a r e a ,  No contaminat ion was found on t h e s e  s u r f a c e s .  The 

e n t i r e  a lpha  survey was conpleted by 11+6 1 / 2  hours. B e -  

cause  of p r e d i c t i o n  of  r a i n  i n  t h e  a f te rnoon of D-day, 

a l p h a  monitor ing procedures  were aga in  modif ied based on 

e a r l y  gamma survey in fo rma t ion ,  t o  p rec lude  loss of d a t a .  

The a lpha  survey  teams w e r e  i n s t r u c t e d  t o  proceed i n  a 

w e s t  t o  eas t  d i r e c t i o n ,  monitor ing every  f i f t h  pad t o  

S t a t i o n  045.  From t h i s  s t a t i o n  on ,  each pad w a s  monitor- 

ed u n t i l  a l e v e l  of 1 0 0  cpm pe r  PAC-3G probe a r e a  w a s  

reached. 

The 36 pad c l u s t e r s  a t  CP05 and CP06 were i n  t h c  con- 

tamina t ion  p a t t e r n ,  w i t h  a lpha  contaminat ion l e v e l s  aver-  

. 

c 
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aging  8 0 , 0 0 0  and 12,500 cpm/60 an2 probe area. 

a l so  measured w i t h  t h e  vehicle-mounted gamma scanne r  and 

t h e  PG-l/PAC-lS. The resu l t s  are shown i n  F i g u r e s  2.21 

and 2.22. 

They were 

The r a i n  m a t e r i a l i z e d  a s  p r e d i c t e d  l a t e r  on D-day, 

o b v i a t i n g  f u r t h e r  a lpha  moni tor ing  operations. Only l o w  

energy gamma surveys  were conducted l a t e r .  

2.5 DISCUSS I O N  

Alpha survey a s  a method of e s t a b l i s h i n g  c o n t o u r s  

of  contaminat ion  is a v e r y  t ine consuming process and is  

v e r y  dependent  on o t h e r  f a c t o r s  such a s  so i l  t y p e ,  weath- 

e r i n g ,  and s u r f a c e  v a r i a t i o n s .  Neve r the l e s s ,  it h a s  been 

accep ted  as  a s t a n d a r d  t echn ique  and was used e x t e n s i v e l y  

by Project  2 . 5 .  I n  a l l ,  7 ,597  pads were monitored i n  t h e  

f o u r  e v e n t s ,  w i th  t h r e e  r e a d i n g s  be ing  r eco rded  f o r  each  

pad. I t  was n e c e s s a r y  t o  t a k e  s o i l  samples n e a r  a number 

of pads i n  order t h a t  a b s o l u t e  d e p o s i t i o n  of plutonium 

could  be determined by r ad iochemis t ry .  Radiochemistry of 

t h e  pad s u r f a c e  i t s e l f  was not  deemed a d v i s a b l e  because  of 

t h e  d i f f i c u l t i e s  of  d i s s o l v i n g  t h e  c o n c r e t e  pad and t h e  

f a c t  t h a t  wind and weather ing may have degraded o r  enhanc- 

ed t h e  a c t u a l  d e p o s i t i o n .  

S o i l  and o t h e r  samples taken  independent ly  by Fro- 

ject 2.3 were t o  be anlayzed rac!iochenxically f o r  
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c o r r e l a t i o n  w i t h  PAC-3G readings .  Unfor tuna te ly ,  a g r e a t  

d e a l  of t r o u b l e  was encountered wi th  s o i l  samples,  and it 

was found t o  be v i r t u a l l y  impossible  t o  o b t a i n  a smal l  

r e p r e s e n t a t i v e  a l i q u o t  of s o i l ,  I n  l i e u  of s o i l  samples, 

sticky f i l m s  were analyzed t o  e s t a b l i s h  c o r r e l a t i o n  fac-  

t o r s ,  b u t  the  resu l t s  of  t h e s e  a n a l y s e s  were n o t  a v a i l -  

a b l e  a t  t h e  t i m e  of w r i t i n g  t h i s  r e p o r t .  

2 . 6  RESULTS 

F i e l d  d a t a  were reduces t o  c l o s e d  contour  p a t t e r n s  on 

a l a r g e  map of t h e  s t a t i o n  a r r a y .  Two p r e s e n t a t i o n s  were 

a v a i l a b l e ,  one based on p o r t a b l e  in s t rumen ta t ion  and t h e  

o t h e r  based on t h e  surveys  of t h e  vehicle-mounted d e t e c t o r s .  

Each c o n c r e t e  pad was monitored i n  t h r e e  l o c a t i o n s  w i t h  

t h e  Model PAC-3G ins t rument .  The un i fo rmi ty  between these 

three measurements was poor on DT, bu t  improved on C S I  and 

became ve ry  uniform on CSII and CSItI.  A l l  v a l u e s  have 

been inc luded  i n  Appendix A. Alpha contaminat ion con tour s  

f o r  each of t h e  f o u r  e v e n t s  a r e  p re sen ted  in Figures 2.23 through 

2 . 2 6 .  These a r e  smoothed i s o p l e t h s  based on average read- 

i n g s  which n e g l e c t  minor p e r t u r b a t i o n s  from i n d i v i d u a l  s t a -  

t i o n s .  A r c  p r o f i l e s  were developed a s  an a i d  i n  f i n a l  as -  

sessment of contour  v a l u e s ,  and Figure  2 . 2 7  i s  a t y p i c a l  

exa;nple f o r  A r c  B ,  Clean Slate II on D-day. 

. 

The contaminat ion l e v e l s  a r e  expressed  in alpha cpm per 
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6 0  cm2 probe a r e a  f o r  t h e  E b e r l i n e  PAC-3G, s i n c e  c o r r e l a -  

t i o n  f a c t o r s  a r e  u n c e r t a i n .  Two s e p a r a t e  p l o t s  a r e  pre- 

s en ted  f o r  each  e v e n t ,  one f o r  t h e  close-in a r e a  ( -2 ,000  

f e e t  t o  +2,500 f e e t  from G Z )  as shown in Figures 2.28 through 

2 . 3 1  and. one of t h e  e n t i r e  downwind g r i d  a r e a  ( F i g u r e s  

2.23 through 2.26). 

Resurvey by a lpha  moni tor ing  demonstrated t h e  r a p i d  

deg rada t ion  of contaminat ion l e v e l s  due t o  weather ing,  

blowing sand,  and mig ra t ion  of contaminant below t h e  s u r -  

f ace .  F igu re  2.32 is a g r a p h i c a l  p r e s e n t a t i o n  of  a lpha  

survey measurements on A r c  C of t h e  Cleanslate I even t  

on D-day and on D+3. S i m i l a r  r e s u l t s  were ob ta ined  on 

o t h e r  even t s  and on o t h e r  a r c s .  

I n  o r d e r  t o  i n s u r e  t h a t  no i n a d v e r t e n t  n u c l e a r  y i e l d  

was produced i n  any of t h e  e v e n t s  of o p e r a t i o n  Roller 

Coaster, a t e l eme te red  gamma r a d i a t i o n  d e t e c t o r  was in- 

s t a l l e d  approximately 2 0 0  f e e t  from ground ze ro  of each 

e v e n t .  T h i s  equipment c o n s i s t e d  of t h e  E b e r l i n e  H i l e m ,  

which provides  t w o  rar ?es, 0 t o  100 r / h r  and 0 to 1,000 r / h r .  

Even though chances : a n u c l e a r  y i e l d  were extremely 

low, it was deemed a&. - sab le  t o  i n S t a l l  such equipment 

t o  prec lude  t h e  p o s s i b i l i t y  of personnel  being s e n t  i n t o  

an unsuspected gamma r a d i a t i o n  f i e l d .  Th i s  p o i n t  i s  

brought  o u t  t o  emphasize t h a t  t h e  f i r s t  r a d i o l o g i c a l  

measurement of importance,which should be made a t  t h e  
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s i te  of a nuclear accident, i s  for t h e  absence or presence 

of gamma radiation. 

? 
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Figure 2.1 Eberline Model PAC-3G portable gas proportional alpha counter. 
(Eberline Instrument photo) 
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L 
NAME PAC-SG OPERATOR 

NAME PAC-1S OPERATOR 

SCALE 

x1 
x 1 0  

XlOO 

CIRCLE APPROPRl 

INSTRUMENT NUMBER 
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TE SC E 

Calibration Reading 

P A C - I S  w/PG-1 READINGS 

BACKGROUND x 1  x 1 0  
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Calibration Reading 

Figure 2.7 Field survey data form. 

45 



. 

t 

46 



47 





AC P 

k v 
A \ /h I / 

5,000 20,000 
SCALE FEET 

Figure 2.11 Pad locations, Double Tracks, Arc R shown as a typical example. 
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Figure 2.12 Close-in grid array. 
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Figure 2.17 Double Tracks GZ survey with RASP-1, D + 8 ;  
readings in alpha cpm/cm2. 
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Pad Position 

Figure 2.27 Arc B profile plot, alpha survey, CS 11, D-day. 
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CLEAN SLATE I 

LEGEND 
0 100 TO 2000 C P M 1 6 0 ~ m ~  PROBE AREA 
n 2000 TO 20,000 CPM160 cm2 PROBE AREA 
n > 20,000 C P M I 6 0  cm2 PROBE AREA 

Figure 2-29 Close-in alpha survey, CS I. 
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LEGEND 
0 100 TO 2000 CPM160cm2 PROBE AREA 
c1 2000 TO 20,000 CPM160 cm2 PROBE AREA 
0 > 20.000 CPM160 cm2 PROBE AREA r 

Figure 2.30 Close-in alpha survey, CS 11. 
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LEGEND 
0 100 TO 2000 C P M 1 6 0 ~ m 2  PROBE bREA 

2000 TO 20.000 CPM160 cm2 PROBE bREA 
> 20,000 CPM160 cm2 PROBE bREb 

Figure 2.31 Close-in alpha survey, CS 111. 
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CHAPTER 3 

PLUTONIUM GAMMA SURVEY BY VEHICLE-MOUNTED GAMMA SCANNER 

To s i m p l i f y  and speed up t h e  procedures  f o r  l o c a t i n g  

and c o n t r o l l i n g  Pu 239 i n  weapon a c c i d e n t  s i t u a t i o n s ,  con- 

s i d e r a b l e  a t t e n t i o n  has  been g iven  t o  t h e  d e t e c t i o n  of  t h e  

weak (17 Kev) X-ray emi t t ed  du r ing  t h e  decay of Pu . To 

develop t h i s  technique  f u r t h e r  and t o  prove its e f f e c t i v e -  

n e s s ,  two vehicle-mounted scanne r s  were designed and b u i l t  

f o r  u s e  dur ing  Operat ion Roller Coaster. 

239 

The vehicle-mounted gamma scanner  i s  b e s t  s u i t e d  t o  

conduct r a d i a t i o n  surveys  of l a r g e  a r e a s .  The instrumen- 

t a t i o n  is p r i m a r i l y  designed t o  d e t e c t  low energy gamma 

r a d i a t i o n s  known t o  be emi t t ed  by weapon g rade  plutonium. 

However, it can be a d j u s t e d  t o  be s e n s i t i v e  t o  o t h e r  i so -  

topes .  T h e  d e t e c t o r  i s  mounted approximately 2 1/2 f e e t  

from t h e  ground a t  t h e  f r o n t  of  t h e  v e h i c l e .  The a r e a  

viewed by t h e  d e t e c t o r  i s  a c i rc le  of approximately 2.5-fOOt 

r a d i u s .  Readout is provided on both  a coutit rate meter 

and a r eco rde r .  

3.1 INSTRUMENTATION 

The vehicle-mounted low-energy gamma-detection dev ice  

was i n s t a l l e d  i n  a convent iona l  pane l  t r u c k  (F igu res  3.1 

and 3.2). It c o n s i s t e d  of a 1- inch-thick by 2 1/2-inch- 
71 



diameter N d  (Tl) crystal with a 0.001-inch-thick aluminum window mounted 

on a 3-inch p h o t o m u l t i p l i e r  tube.  These components and 

ruggedized housing were placed i n  a frame ex tend ing  i n  

f r o n t  of t h e  t ruck .  The e lectronics  were housed i n  a 

s e p a r a t e  and s e a l e d  ccp.partment w i t h i n  t h e  pane l  e n c l o s u r e  

of t h e  t ruck .  Two s ingle-channel  pu lse-he ight  a n a l y z e r s  

and associate6 components were i n s t a l l e d  i n  t h i s  compart- 

ment (Figure 3.3).  The discriminators were adjusted so that one analyzer 

covered the 10 to 20 Kev energy channel and the other covered the 55 to 

65 Kev channel, the former for  Puzag and the latter for the Ama', the 

growth product of Puw normally present in weapons grade plutonium 

( F i g u r e  3.5). P r o v i s i o n s  were made so t h a t  d r y  ice could  

be  i n s e r t e d  around t h e  phototube t o  improve s igna l -  to-  

noise  r a t i o  i n  t h i s  l o w  photon energy range, 

p a r t i c u l a r l y  when o p e r a t i n g  i n  h o t  climates. However, 

du r ing  Operat ion Roller Coaster, t empera tu res  remained 

moderate, and d r y  ice  was n o t  r e q u i r e d .  

The e l e c t r o n i c s  other than the phototube exhibited considerable 

temperature sensitivity, the background increasing by a fac tor  of  two 

w i t h  tempera ture  r ise from 6 5 O  F t o  80° F. Thisfluctuation 

w a s  minimized by ma in ta in ing  a c o n s t a n t  tempera ture  ( 6 5 O  

F) i n s i d e  t h e  v e h i c l e s  du r ing  ope ra t ion .  A motor genera-  

t o r  on t h e  rear of t h e  v e h i c l e  provided power f o r  i n s t r u -  

ment and a i r  c o n d i t i o n e r  o p e r a t i o n  as w e l l  as l i g h t i n g  

p r o v i s i o n s  f o r  n i g h t  t h e  survey (F igure  3 . 4 ) .  A small  
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electric h e a t e r  w a s  r e q u i r e d  f o r  n i g h t  o p e r a t i o n s  t o  main- 

tain 65O F. 

Counting rates were recorded by a two-pen chart recorder;  i .  e. , each 

pen registering t h e  o u t p u t  of one of t h e  a n a l y z e r s  and i t s  

a s s o c i a t e d  a a m t r a t e  c i r c u i t r y .  The f i f t h  wheel on t h e  

rear of t h e  v e h i c l e  was in t e rconnec ted  wi th  t h e  recorder 

paper  t r a v e l  mechanism. 

3.2 CALIBRATION 

Vehicle-mounted low-energy gamma d e t e c t o r s  were op- 

t imized  w i t h  Pu 239 sources  placed a g a i n s t  t h e  d e t e c t o r  

window. As this technique waa not a calibration for an extended area  situation 

(the detector viewed the ground from a height of 30 inches) a second calibration 

was made. I n  o r d e r  t o  o b t a i n  some i d e a  of t h e  

r e l a t i o n s h i p  between gamma scanner  r e a d i n g s  and PAC-3G 

r e a d i n g s  of s i m i l a r l y  contaminated a r e a s ,  6 - foo t - squa re  

conc re t e  c a l i b r a t i o n  pads were placed a c r o s s  t h e  GZ 

g r i d  approximately 2 , 0 0 0  f e e t  downwind of GZ on each 

even t ,  From t h e  p l o t t e d  A i s t r i b u t i o n  of m a t e r i a l ,  it 

was easy  t o  de te rmine  WhiZh pad was on o r  near t h e  ho t  

l i n e .  T h i s  pad was monitored by one of t h e  scanne r s  and 

w i t h  a PAC-3G, and t h e  r ead ings  were compared. 

and D& none of t h e  pads were s u f f i c i e n t l y  contaminated t o  

On CS I 
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y i e l d  good d a t a  f o r  t h i s  de t e rmina t ion .  On C l e a n  S l a t e  I1 

and 111, good d a t a  was obtained:  t h i s  d a t a  is included i n  

Table  3.1, which i s  a compi la t ion  o f  vehicle-mounted gamma 

scanner  and a lpha  survey d a t a  taken a t  t h e  i d e n t i c a l  sta- 

t i o n  l o c a t i o n .  

Figure 3.5 shows t h e  gamma spectrum a n a l y s i s  of  t h e  source  

used f o r  i n i t i a l  c a l i b r a t i o n .  I n  o r d e r  t o  compare t h e  gamma 

spectrum f o r  t h e  d i s t r i b u t e d  plutonium, a p o i n t  approxi-  

mate ly  1 0 0  f e e t  south  of GZ i n  t h e  downwind p a t t e r n  of  

Double Tracks was s e l e c t e d  f o r  gamma spectrum a n a l y s i s .  

Th i s  comparison i s  shown in F igu re  3.5. 

3.3 PROCEDURE 

Anti-contamination c l o t h i n g  f o r  t h e  gamma scanner  

personnel  (one  d r i v e r  and one o p e r a t o r  i n  each v e h i c l e )  

inc luded  c o v e r a l l s ,  boots ,  g loves ,  and an PI-17 f u l l -  

f a c e  mask. All cracks i n  t h e  v e h i c l e s ,  such a s  doors ,  

windows, and v e n t s ,  were taped  t o  minimize e n t r y  of 

o u t s i d e  d u s t .  Continuous a i r  samples were taken i n s i d e  

each  v e h i c l e ,  and t h e  i n s i d e  s u r f a c e s  were p e r i o d i c a l l y  

surveyed wi th  a PAC-3G. A t  no time dur ing  t h e  o p e r a t i o n  

was t h e r e  any d e t e c t a b l e  contaminat ion i n  e i t h e r  ve- 

h i c l e .  The on ly  r e a l  need f o r  an t i -contaminat ion  cloth- 

ing a t  all was i n  c a s e  t h e  a i r  c o n d i t i o n e r  should f a i l  

o r  t h a t  an o p e r a t o r  miyht have t o  ge t  o u t  of t h e  

. 
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v e h i c l e  i n  a contaminated area. Contamination was ap- 

p a r e n t l y  prec luded  by t h e  e x t e n s i v e  f i l t e r i n g  of t h e  

i n t a k e  a i r ,  s e a l i n g  t h e  veh ic l e , and  by t h e  p o s i t i v e  

p r e s s u r e  produced i n  t h e  v e h i c l e  by t h e  a i r  cond i t ion -  

er f an .  

The gamma-scanner v e h i c l e s  and o p e r a t o r s  were pos i -  

t i o n e d  a t  t h e  CP and remained i n  r a d i o  c o n t a c t  w i t h  t h e  

2.5 p r o j e c t  o f f i c e r  p r ior  t o  each  s h o t .  Upon h i s  i n s t r u c -  

t i o n s ,  t h e  v e h i c l e s  proceeded t o  t h e i r  a s s igned  arc and 

began an east-west t r a v e r s e  of t h e  a r c  a long  prepared  

roads. Speed of t r a v e r s e  was k e p t  t o  5 mph or  less so 

t h a t  d u s t  r e suspens ion  would be  h e l d  a t  a minimum and 

most a c c u r a t e  d e t e c t i o n  of a r ise i n  count  r a t e  cou ld  

be noted .  When a r ise was noted ,  t h i s  in format ion  was 

rad ioed  back t o  t h e  C P ,  and a mark  i n d i c a t i n g  s t a t i o n  

locat ion w a s  made on t h e  r e c o r d e r  paper.  T h i s  procedure 

was a l so  fol lowed f o r  peak v a l u e  r e c o r d i n g s ,  as w e l l  as 

t h e  r e t u r n  of t h e  count  ra te  t o  background. When t h e  

v e h i c l e  had reached t h e  end of an a r c ,  t h e  team reported 

t o  t h e  CP and then  proceeded t o  t h e  n e x t  a s s igned  arc. 

The d a t a  reported by r a d i o  al lowed a rapid d e l i n e a t i o n  

of  t h e  o u t e r  l i m i t s  and t h e  h o t  l i n e .  F u r t h e r  r e f i n e -  

ment of gamma scanne r  survey c o n t o u r s  was accomplished by 

a c a r e f u l  a n a l y s i s  of t h e  recorder t r a c e s  a t  a l a t e r  t ime,  

n o t i n g  t h e  beginning ,  peak, and r e t u r n  t o  background. 
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Figure  3.6is  a r e p r e s e n t a t i v e  trace of a t y p i c a l  gannna 

scan r e c o r d e r  r eco rd  of an arc traverse made on D-day 

of t h e  Double Tracks event .  The d u a l  peak ho t  l i n e  was 

confirmed by a lpha  survey teams moni tor ing  concrete pads. 

In  a d d i t i o n  t o  a r c  scan on a l l  f o u r  events,  t h e  

gamma scanner  v e h i c l e  was used t o  survey t h e  c l o s e - i n  

a r e a  n e a r  ground ze ro  and t o  e v a l u a t e  contaminat ion of 

metal d e b r i s  fragments.  S ince  t h i s  work w a s  performed 

i n  suppor t  of o t h e r  p r o j e c t s ,  no s p e c i f i c  procedure was 

e s t a b l i s h e d .  Grid l i n e s ,  i n  g e n e r a l ,  were used t o  pro- 

v i d e  easy  l o c a t i o n  i d e n t i f i c a t i o n  c l o s e - i n  excep t  on 

CSU and CSIII surveys  around t h e  bunkers,  which were 

made i n  c o n c e n t r i c  circles o u t  t o  r a d i i  of 9 5  and 200 

f e e t , r e s p e c t i v e l y .  Pieces of me ta l  d e b r i s  were placed 

under t h e  d e t e c t o r  t o  de termine  r e l a t i v e  levels of con- 

t amina t ion ,  b u t  q u a n t i t a t i v e  i n t e r p r e t a t i o n  w a s  n o t  prac-  

t i c a l  s i n c e  t h e  d e b r i s  was i n  many shapes  and s i z e s ,  

and r e p r o d u c i b l e  geometry was p o s s i b l e  on ly  for  t h e  

s m a l l e r  pieces. See Reference 7 f o r  d i s c u s s i o n .  

3.4 EVENT PARTICIPATION 

The vehicle-mounted gamma scanner  p a r t i c i p a t e d  i n  

a l l  f o u r  events of Operat ion Roller Coaster. The f i r s t  

e v e n t ,  Double Tracks, c o n c l u s i v e l y  demonstrated t h e  v a l u e  

of t h e s e  v e h i c l e s  i n  q u i c k l y  l o c a t i n g  t h e  contaminat ing 
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m a t e r i a l  and p l o t t i n g  i t s  d i s t r i b u t i o n  p a t t e r n .  T h i s  

in format ion  was rad ioed  t o  t h e  2.5 p r o j e c t  o f f i c e r  a t  

t h e  c o n t r o l  p o i n t  who was a b l e  t o  d i r e c t  a lpha  survey  

teams t o  t h e  contaminated p o r t i o n  of t h e  a r r a y .  This  

procedure saved a c o n s i d e r a b l e  amount of time and in su red  

t h a t  d a t a  ga the red  was s u b j e c t e d  t o  a minimum of  degrad- 

ing i n f l u e n c e s  such a s  weather ing ,  resuspens ion ,  and 

t r a n s p o s i t i o n .  The gamma scanne r s  were t h e  f i r s t  e n t r i e s  

i n t o  t h e  downwind a r c s  a f t e r  each e v e n t ,  

3.4.1 Double Tracks Event ( 1 5  May 1 9 6 3 ) .  The t w o  

gamma scanner  v e h i c l e s  were d i spa tched  t o  Arcs B and H 

a t  H+30 m i n u t e s  and proceeded a c r o s s  t h e i r  a r c s  a t  a speed 

of 5 miles pe r  hour o r  l e s s .  By H+1 1 / 2  hours ,  t h e  o u t e r  

edges and peak l o c a t i o n s  of contaminat ion were d e l i n e a t e d .  

The v e h i c l e s  were t h e n  d i spa tched  t o  o t h e r  arcs u n t i l  a l l  

1 7  arcs were t r a v e r s e d .  S u i t a b l e  informat ion  w a s  a v a i l -  

a b l e  from Arcs B and li to develop a p re l imina ry  downwind 

f a l l o u t  p a t t e r n .  The informat ion  ob ta ined  was of su f -  

f i c i e n t  accuracy t o  a l low more e f f i c i e n t  u s e  of t h e  a lpha  

monitor ing teams. 

3 . 4 . 2  Clean S l a t e  I Event ( 2 5  May 1 9 6 3 ) .  The two 

v e h i c l e - m o u n t e d  gamma scanners  followed a p a t t e r n  s i m i -  

l a r  t o  t h a t  of t h e  Double Tracks event .  Information 

ob ta ined  was aga in  e f f e c t i v e l y  used t o  p o s i t i o n  t h e  

mobile a lpha  survey t e a m s .  The scanners  began t h e i r  
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o p e r a t i o n s  a t  H+45 minutes ,  and a p re l imina ry  p l o t  of 

plutonium contaminat ion l i m i t s  and t h e  ho t  l i n e  were 

a v a i l a b l e  a t  t h e  c o n t r o l  p o i n t  a t  H + 1  3/4 hours.  The 

p a t t e r n  ob ta ined  w a s  found t o  be cons i s t en t  w i t h  l a t e r  

p l o t s  based on c a r e f u l  and d e t a i l e d  a lpha  monitor ing.  I t  

15 p e r t i n e n t  t o  p o i n t  o u t  t h a t  t h e  a r e a  involved i n  t h i s  

case was n e a r l y  40 squa re  miles, and while  t h e  gamma 

scanner  work r equ i r ed  only  two v e h i c l e s  and f o u r  people ,  

t he  a lpha  survey  r e q u i r e d  t e n  v e h i c l e s  and twenty peo- 

p l e .  

Upon completion of t h e  downwind a r r a y ,  t h e  gamma 

scanner  was brought  i n t o  t h e  GZ a r e a  where it was used 

to scan t h e  c lose - in  area. Measurements were made on t h e  

concrete pad and of metal d e b r i s  l o c a t e d  i n  t h e  a r e a ,  

This  was t h e  o n l y  d a t a  t h a t  could be qu ick ly  ob ta ined  i n  

t h e  GZ a r e a  wi thout  r ad iochemis t ry  and added m a t e r i a l l y  

i n  provid ing  a qu ick  estimate of a c c o u n t a b i l i t y  nea r  GZ.  

3.4.3 Clean Slate  I1 Event (31 May 1 9 6 3 ) .  P r o f i t i n g  

by t h e  expe r i ences  of DT and C S I ,  gamma scanning proceed- 

ed i n  a similar manner t o  t h o s e  events  wi th  mal l  r e f i n e -  

ments. Ea r ly  gamma scan i n d i c a t e d  a Wide p a t t e r n  of 

contaminat ion ex tending  throughout  t h e  a r r a y .  The gamma 

SCM d a t a  i n d i c a t e d  an appa ren t  ho t  l i n e  between S t a t i o n s  

020 and 040. Therefore ,  a lpha  survey procedures  were 

modif ied t o  i n s u r e  t h a t  t h e  h o t t e s t  a r e a s  were completely 
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surveyed. T h i s  was a f o r t u n a t e  d e c i s i o n  s i n c e  an unpre- 

d i c t e d  r a i n  h i t  t h e  a r r a y  a t  H+9 hours  and had o r i g i n a l  

procedures  been h e l d ,  o n l y  about  h a l f  of  t h e  g r i d  would 

have been surveyed and v a l u a b l e  d a t a  would have been l o s t .  

Add i t iona l  surveys  were made wi th  t h e  gamma scanner  

subsequent t o  D-day and, even a f t e r  t h e  heavy r a i n ,  showed 

a c o n s i s t e n t l y  s i m i l a r  p a t t e r n  t o  t h a t  ob ta ined  on D-day. 

The equipment a l s o  proved very v a l u a b l e  i n  t r a c i n g  t h e  

e r r a t i c  ho t  l i n e  i n  t h e  f i r s t  2 , 0 0 0  f e e t  downwind. 

3.4.4 Clean S l a t e  I11 Event  (9 June 1963). The 

i n i t i a l  surveys  by t h e  gamma scanner  v e h i c l e s  i n d i c a t e d  

a wide p a t t e r n  of  d e p o s i t i o n  to a t  l e a s t  8 , 0 0 0  f e e t  down- 

wind, which was s i m i l a r  t o  t h a t  observed on C l e a n  S l a t e  

11. Since  r a i n  was aga in  p r e d i c t e d  f o r  t h e  a f t e rnoon  of 

D-day, t h e  a lpha  survey program was aga in  modif ied t o  

every  f i f t h  s t a t i o n  except  i n  t h e  narrow ho t  l i n e  zone 

where every  s t a t i o n  was monitored.  The r a i n  m a t e r i a l i z e d  

a s  p r e d i c t e d  la ter  on i n  D-day, o b v i a t i n g  f u r t h e r  a l p h a  

monitor ing.  The s p e c i a l  pad clusters of c o n c r e t e  pads 

a t  CP05 and CP06 were contaminated on t h i s  even t ;  

PAC-3G r ead ings  averaged 

t i v e l y .  

80 ,000  and 12,500 cpm,respec- 

3.5 D I S C U S S I O N  

The o p e r a t i o n  of vehicle-mounted gamma scanners  dur-  
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i n g  Operat ion Roller Coaster was a v a l u a b l e  a s s e t  i n  per- 

forming t h e  r e q u i r e d  radiac surveys.  Data taken  w i t h  

t h e s e  u n i t s  was h i g h l y  r e p e a t a b l e  and was cons is ten t  wi th  

a l p h a  survey d a t a .  

a r e a s  could be l o c a t e d ,  eva lua ted ,  and mapped w i t h  t h e s e  

u n i t s  was cons ide rab ly  g r e a t e r  t han  would have been pos- 

s i b l e  w i t h  hand-carr ied survey in s t rumen t s  a lone .  

Also,the speed w i t h  which contaminated 

The r e l a t i v e  comfort and s a f e t y  of t h e  o p e r a t o r  i n  

performing a survey wi th  a vehicle-mounted gamna scanner ,  

as opposed t o  h i s  u s ing  a hand-carried ins t rument ,  is  an 

impor tan t  f a c t o r  i n  d e t e r m h i n g  t h e  v a l u e  of t h e s e  u n i t s .  

whi le  t h e  l i m i t  of d e t e c t i o n  of t h e  gamma scanners,  

a s  p r e s e n t l y  des igned ,  i s  probably adequate  f o r  u s e  i n  

weapon a c c i d e n t  s i t u a t i o n s ,  f u r t h e r  re f inements  of t h e  

d e t e c t o r  may be p o s s i b l e  t o  lower t h i s  l i m i t .  

The d i s t r i b u t i o n  p l o t s  made on D-day from gamma 

scanner  d a t a  and from a l p h a  survey d a t a  agreed ve ry  

c l o s e l y ,  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  being on t h e  

d e t e c t a b l e  limits of t h e  p a t t e r n .  I t  was noted t h a t  where 

there  i s  a s t e e p  g r a d i e n t  of  i s o h t e n s i t y  con tour s ,  t h e  

vehicle-mounted gamma scanner  survey  agrees more c l o s e l y  

withalpha survey  p l o t s  t han  where t h e  contour  g r a d i e n t  is 

sha l low,  T h i s  can be accounted f o r  by t h e  f a c t  t h a t  i n  

areas of s lowly dec reas ing  l e v e l s  of contamination laterally, it is 

more d i f f i c u l t  t o  n o t e  t h e  beginning of a b u i l d  up on the 
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gamna scan t r a c e .  F igure  3 . 7  i s  t h e  a lpha  survey d i e t r i -  

bu t ion  p l o t  f o r  C l e a n  S l a t e I I ,  and Figure 3.7-a (over- 

l a y )  is a gamma scanner  trace for  t h a t  event. 

I n  approximating q u a n t i t i e s  of m a t e r i a l ,  t h e  follow- 

ing  c a l c u l a t i o n s  were used: 

1. I t  w a s  e s t ima ted  t h a t  200  coun t s  p e r  minute  on 

a PAC-3G corresponds  t o  a contaminat ion l e v e l  

of 1 rg/m2 of Pu 2 3 9  when measured on a concrete 

pad. 

t h e  r educ t ion  t o  2 0 0  a2 i n  o u r  approximation 

i s  based s o l e l y  on judgment. 

The t h e o r e t i c a l  maximum i s  420  &2 and 

rg/m 

2 .  Combining (1) above w i t h  a 20:l r a t i o  of PAC-JG 

coun t s  pe r  minute  t o  gamma scanner  1 7  Kev counts  

pe r  minute  (See Chapter 5)  y i e l d s  a va lue  of 

approximately 1 0  counts  pe r  minute (17 Kev) for 

a contaminat ion l e v e l  of 1 ug/m2 o r  1 cpm ( 1 7  

Kev) cor responds  t o  0 .1  ug/m . 2 

C a l c u l a t i o n  of t h e  t h e o r e t i c a l l y  expected count r a t e  

for t h e  gamma scanner  fol lows:  

1. 

2. 

3. 

4.  

2 Assume a Pu 2 3 9  contaminat ion l e v e l  of 1 pg/m . 
Approximately 4 p e r c e n t  of Pu d i s i n  t e g r a t  i o n s  

y i e l d  t h e  17  Kev X-ray of i n t e r e s t .  

The a r e a  of t h e  2 1/2-inch-diameter d e t e c t o r  

c r y s t a l  i s  3.17 x m 2 .  

The 1 7  Kev x-ray a c t i v i t y  ( 2 )  from 1 ug of Pu 239 
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i s  2.75 x lo3 cpm. 

Therefore ,  a contaminat ion level of 1 vg/m2 of 

Pu239 should y i e l d  8 , 9  cpm i n  t h e  17-Kev channel.  

A l t e r n a t e l y ,  1 cpm i n  t h e  17-Kev channel  should 

2 correspond t o  0.11 ug/m . This  va lue  agrees 

c l o s e l y  wi th  t h a t  determined above: i .e. ,  0.1 

u g/m2 . 

5 .  

3 . 6  RESULTS 

In o r d e r  t o  get a cont inuous  p l o t  of t h e  d i s t r i b u t i o n  

of weapon m a t e r i a l  i n  t h e  ground zero g r i d s  and t o  confirm 

t h e  r e p r o d u c i b i l i t y  of d a t a  c o l l e c t i o n ,  t h e  gamma scanners  

w e n t  i n t o  t h e s e  a r e a s  a f t e r  D-day and obta ined  p l o t s  a long 

t h e  l i n e s  normal t o  t h e  center  r a d i a l  and downwind of G Z .  

For demonstrat ion purposes ,  t h e  p l o t  shown i n  F igure  3 . 8  

was made by running t h e  CM, CN, CO,  CP, and CQ l i n e s  of 

DoubleTracks and p l o t t i n g  t h e  count r a t e  d a t a  f o r  each 

l i n e  on t h e  same s e c t i o n  of r e c o r d e r  paper.  The numbered 

marks  i n d i c a t e  success ive  v e h i c l e  p o s i t i o n s  along t h e  l i n e s  

and correspond t o  l ike-numbered  g r i d  l i n e s  p a r a l l e l  t o  t h e  

c e n t e r  r a d i a l .  Note that the mi r ro r  image p l o t  ob ta ined  a s  

t h e  v e h i c l e  t r a v e r s e d  t h e  g r i d  i n e s  i n  t h e  o p p o s i t e  d i -  

r e c t i o n .  

9 

I 

Cer ta in  of t h e  arcs w e r e  a l s o  scanned a f t e r  D-day t o  

determine t h e  degree  of a t t e n u a t i o n  i n  count  r a t @  w h i c h  

. 
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r e s u l t s  from t i m e  and weather ing.  O f  p a r t i c u l a r  i n t e r e s t  

w a s  a f a c t o r  of two a t t e n u a t i o n  i n  t h e  Pu 239 channel  (17 

Kev) count  r a t e  from D-day t o  D + 1  on C l e a n  S l a t e  11. T h i s  

r e s u l t e d  from a hard r a i n  du r ing  t h e  a f te rnoon and evening 

of D-day. Over t h e  same p e r i o d ,  a lpha  count r a t e s  were 

reduced by a f a c t o r  of 20. However, it is worthy of note that areas of 

2 appreciable contamination (25 ug/n ) can s t i l l  be l o c a t e d  by a 

gamma scanner a f t e r  some weather ing.  

The scanners were also used t o  e v a l u a t e  t h e  ground 

z e r o  pads of  t h e  t h r e e  C l e a n  S l a t e  events  and t h e  meta l  

throwout p i e c e s  from C l e a n  S l a t e  I1 and 111. I t  was 

found t h a t  t h e  r a t i o  of t h e  c o u n t  r a t e s  of t h e  Pu 239 (17 

Kev) and Am 2 4 1  ( 6 0  Kev) channels  v a r i e d  cons ide rab ly .  

This  w a s  a t t r i b u t e d  t o  t h e  vary ing  d e p t h s  at which t h e  

m a t e r i a l  had been depos i t ed  and t h e  g r e a t e r  e f f e c t  of 

dep th  of d e p o s i t i o n  on the plutonium X-ray than on the americium 

gamma. 

The a r e a s  around t h e  C l e a n  S l a t e  I1 and I11 CZ's 

were surveyed i n  c o n c e n t r i c  c i rc les ,  and approximations 

of t o t a l  m a t e r i a l  conta ined  i n  t h e s e  a r e a s  were made from 

t h e  r e s u l t i n g  d a t a .  The t o t a l  a r e a s  thus  surveyed were 

2 0 0  feet  d iameter  on C l e a n  S l a t e  I1 and 4 0 0  f e e t  d iameter  

on C l e a n  S l a t e  111. 
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The r e s u l t s  of t h e  gamma scanner  o p e r a t i o n s  are 

p resen ted  i n  Figures 3.9 through 3.16. A s e p a r a t e  p l o t  f o r  t h e  

c l o s e - i n  a r e a  and t h e  extended g r i d  is provided f o r  each 

event .  Table  3.2 ,on which t h e s e  p l o t s  are b a s e d , i n d i c a t e s  

t h e  a r c  l o c a t i o n  of d e t e c t a b l e  l i m i t s  and t h e  l o c a t i o n  and 

i n t e n s i t y  i n  cpm of t h e  h o t  l i n e .  Although more c l o s e l y  

r e l a t e d  t o  P r o j e c t  2 .1 ,  t h e  gamma scan r e s u l t s  obta ined  

by c o n c e n t r i c  circle surveys  around t h e  GZ of CSII and 

CSIn are provided a s  a m a t t e r  of convenience f o r  account- 

a b i l i t y  c a l c u l a t i o n s  (F igu res  3.17 and 3 .18) .  

. 
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Figure 3.3 Single channel analyzers and recorder mounted in vehicle-mounted 
gamma scanner. (DASA-103-09-TTR-63) 
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Figure 3.9 Close-in gamma scan, Double Tracks. 
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CHAPTER 4 

PLUTONIUM FALLOUT SURVEY WITH FILTER D I S C  COLLECTORS 

From t h e  time of t h e  o r i g i n a l  concept ion  of  t h e  p lan  

f o r  conduct ing t h e  a lpha  survey on Operat ion Roller Coaeter, 

it w a s  f e l t  t h a t  t h e  use of f i l t e r  d i s c s  a s  a survey  

method could be of c o n s i d e r a b l e  va lue .  Not o n l y  would t h e  

f i l t e r  d i s c s  be v a l u a b l e  a s  a back-up d a t a  c o l l e c t i o n  tech-  

n ique  b u t  would f u r n i s h  a t h i r d ,  comple te ly  independent  

method of p l o t t i n g  t h e  a l p h a  contaminat ion.  A t  t h e  t ime 

it was no t  cons idered  t h a t  t h i s  would be  an a c c u r a t e  quan- 

t i t a t i v e  su rvey  bu t  would provide  a r a p i d  q u a l i t a t i v e  t o o l .  

T h e  count ing  of t h e  f i l t e r  d i s c s  could a l s o  be accomplish- 

ed du r ing  a pe r iod  of time when work a c t i v i t i e s  were a t  

a low ebb, whereas t h e  r a d i a c  survey and vehicle-mounted 

gamma scanner  survey were, by n e c e s s i t y ,  conducted imme- 

d i a t e l y  fo l lowing  t h e  event .  

4.1 INSTRUMENTATION 

Ins t rumen ta t ion  f o r  t h i s  work was ve ry  s imple ,  inex- 

pens ive ,  and s t r a i g h t f o r w a r d .  The f i l t e r  d i s c s  c o n s i s t e d  

o f  a 4.25-cm WhatmanNo.lf i l ter  paper  attached t o  a 1 5/& 

inch-d iameter  by 1/16-inch-thick s teel  d i s c .  Each d i s c  

was pre-marked wi th  t h e  even t  number, arc, and s t a t i o n  

number ( f o r  example: 1-C-044,  was Double Tracks,  A r c  C, 
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s t a t i o n  0 4 4 ) .  Counting equipment c o n s i s t e d  of  two Eber- 

l i n e  Model SAC-3 S c i n t i l l a t i o n  Alpha Counters ,  F igure  4 . 1 ,  

which were set up i n  a t r a i l e r  a t  the Tonopah T e s t  Range. 

4 . 2  CALIBRATION 

C a l i b r a t i o n  of  t h e  SAC-3 was accomplished by t h e  use  

Filter disc activity plots were drawn of a s t a n d a r d  Pu239 source .  

using raw cpm d a t a  which was s e l e c t e d  t o  r e p r e s e n t  t h e  

d e t e c t a b l e  l i m i t s  and peak va lue .  

4.3 PROCEDURES AND OPERATIONS 

The f i l t e r  d i s c s  were p laced  on t h e  corner of t h e  

1 - f o o t  by 1- foot  conc re t e  pads provided f o r  a lpha  survey 

on D - 1  f o r  each e v e n t .  T h i s  was accomplished by p r o j e c t  

personnel  a t  t h e  t i m e  t h a t  t h e  pads were uncovered i n  

p r e p a r a t i o n  for each even t .  

As t h e  survey teams t r a v e r s e d  t h e  a r c s  and t h e  g r i d  

a r r a y  on t h e i r  i n i t i a l  survey ,  t h e  f i l t e r  d i s c s  were 

picked up wi th  tweezers  and p laced  i n  i n d i v i d u a l  g l a s s -  

i n e  envelopes t o  p reven t  c r o s s  contaminat ion.  These 

envelopes were then placed i n  a p l a s t i c  bag a t t a c h e d  

t o  t h e  dashboard of  t h e  v e h i c l e s .  When t h e  a lpha  survey 

teams completed t h e i r  assignments f o r  D-day, t h e  p l a s t i c  

bags were p laced  i n  a second p l a s t i c  bag a t  the  Rad-Safe 

Base S t a t i o n  and taken  t o  t h e  t r a i l e r  l a b o r a t o r y .  One 

end  of t h i s  t r a i l e r  was set  up a s  a count ing  room and 
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con ta ined  two s c i n t i l l a t i o n  a lpha  coun te r s .  

The a c t u a l  count ing  of t h e  discs s t a r t e d  on D+2 f o r  

each  event .  Each d i sc  was counted for a one-minute pe r iod ,  

Personnel  wore rubber  g l o v e s ,  t h e  working a r e a  was moni- 

tored f r e q u e n t l y ,  and the  counted d i sc s  were p laced  i n  a 

p l a e t i c  l i n e d  box and taken t o  t h e  Rad-Safe Base S t a t i o n  

f o r  disposal.  The count ing  was accomplished i n  four-hour 

s h i f t s  w i t h  two men per s h i f t .  

For t h e  DoubleTracks even t ,  every  d i s c  was counted. 

T h i s  was ve ry  time consuming [completed on 3 June 1 9 6 3  

(DT D+lS)] and i n  most c a s e s  showed no contaminat ion on 

t h e  arcs from S t a t i o n s  000 to  030 and 080 t o  120.  Obser- 

v ing  a narrow p a t t e r n  s i m i l a r  t o  Double Tracks on t h e  

C l e a n  S l a t e  I e v e n t  and having t h e  expe r i ence  and d a t a  

of DoubleTracks, o n l y  those discs  from S t a t i o n s  000 t o  

060 on each arc were counted. With t h e  d a t a  a v a i l a b l e  

from t h e  vehicle-mounted gamma scanners  and t h e  a lpha  

survey,  o n l y  t he  discs from S t a t i o n s  010 through 030  

and subsequent ly  every  f i f t h  s t a t i o n  on each arc were 

counted on C l e a n  S l a t e  11. As on t h e  p rev ious  e v e n t ,  

a v a i l a b l e  d a t a  was taken i n t o  c o n s i d e r a t i o n ,  and discs  

counted on C l e a n  S l a t e  111 were from S t a t i o n s  010 t o  

050 and then  every  f i f t h  s t a t i o n .  

111 



4 . 4  EVENT PARTICIPATION 

Personnel  connected wi th  t h e  f i l t e r  d i s c  survey 

group p a r t i c i p a t e d  i n  a l l  Roller Coaster events. A t o t a l  

of  over  8 , 0 0 0  f i l t e r  d i s c s  were p laced  and recovered ,  and 

i n  a l l ,  5 , 4 0 6  d i s c s  were counted. 

4 . 5  DISCUSSION 

The use o f  a f i l t e r  d i s c  f a l l o u t  technique survey 

was p r e d i c a t e d  mainly a s  a management c o n t r o l  t o o l  and a 

cross v e r i f i c a t i o n  f o r  a lpha  survey.  I t  was n o t  in tended  

t o  be q u a n t i t a t i v e  t o  any degree ,  b u t  results have i n d i c a t e d  

a s u r p r i s i n g  degree of  s i m i l a r i t y  t o  o t h e r  survey methods 

when groups of s t a t i o n s  a r e  averaged and t h e  raw d a t a  i s  

p l o t t e d  as a contour .  S ince  it w a s  n o t  t o  be a quan t i -  

t a t i v e  e x e r c i s e ,  m i n i m u m  measures t o  prec lude  l o s s  of 

contaminat ion w i t h i n  t h e  g l a s s i n e  envelopes were taken.  

I n  s p i t e  of  t h i s  f a c t ,  reasonable  s i m i l a r i t y  was achieved,  

p a r t i c u l a r l y  i n  t h e  ho t  l i n e  a r e a  and t h e  g e n e r a l  contour  

t r end .  I t  i s  p o s s i b l e  t h a t  procedures  could be  modified 

t o  improve c o r r e l a t i o n  and t o  e s t a b l i s h  q u a n t i t a t i v e  va l -  

ues ,  b u t  t h i s  i s  dependent on t h e  sampling a r e a  e s t a b l i s h e d  

a s  a m i n i m u m  r e p r e s e n t a t i v e  a r e a  f o r  a given g r i d  s i z e .  

4 . 6  RESULTS 

I n  o r d e r  t o  compare f i l t e r  d i s c  survey w i t h  a lpha  
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s u r v e y  and vehicle-mounted gamma scanner ,  d a t a  from each 

a r c  were examined, and it was roughly determined where 

d e f i n i t e  and r a p i d  i n c r e a s e  i n  f i l t e r  d i s c  cpm occurred.  

S i m i l a r l y ,  t h e  peak v a l u e  f o r  each a r c  was determined. 

I n  t h e  case of CSII  and CSIII ,  t h i s  peak was no t  s h a r p  

b u t  fol lowed t h e  g e n e r a l  plutonium d i s t r i b u t i o n ,  broadly  

spread  a c r o s s  t h e  g r i d  a r r a y .  I n  t h e s e  c a s e s ,  a h o t  band 

can be determined,  which compares f avorab ly  wi th  t h e  h o t  

l i n e  determined by o t h e r  survey methods. P.s wi th  t h e  

gamma scanner,where i s o h t e n s i t y  con tour s  a r e  s t e e p ,  

closer agreement is noted t o  t h e  a lpha  survey.  

S i n c e  f i l t e r  d i s c s  were d isposed  of a f t e r  count ing  

t o  reduce t h e  p o s s i b i l i t y  of contaminat ion spread ,  they  

a r e  n o t  a v a i l a b l e  f o r  f u r t h e r  r ad iochemis t ry .  The f a c t  

t h a t  t h e i r  use  was pu re ly  q u a l i t a t i v e  was j u s t i f i c a t i o n  

f o r  t h e i r  d i s p o s a l ,  s i n c e  no f u t u r e  use  could be fo re seen  

a t  t h e  time. 

I n  g e n e r a l  t h e  con tour s  e s t a b l i s h e d  by t h e  f i l t e r  

d i s c  d a t a  compared wi th  t h a t  of  t h e  a lpha  survey.  The 

f i l t e r  d i s c s  were,in genera1, lower on t h e  peak r ead ings ,  

b u t  t h e  ho t  l i n e  and g e n e r a l  t r e n d  compared c l o s e l y  wi th  

t h a t  of t h e  a lpha  survey. I n  o r d e r  t o  compare a rc  pro- 

f i l e s ,  d a t a  were reduced t o  cpm per  cm2 f o r  Arc 

C l e a n  S l a t e  111. A comparison of f i l t e r  d i s c  and a lpha  

survey  d a t a  f o r  A r c  B i s  shown i n  pigure4.2.  F igu re  4 . 3 ,  

B of 

113 



w i t h  o v e r l a y s ,  is a comparison of con tour s  determined by 

f i l t e r  disc  su rvey ,  a lpha  survey ,  and the vehicle-mounted 

gamma scanner .  Figures 4.4 through 4.7 are i n d i v i d u a l  contour  

p l o t s  of each even t  based on f i l t e r  d i sc  survey.  Appendix 

B is a t a b u l a t i o n  of  raw d a t a  f o r  each even t .  

As a f i rs t  approximation,  it seems t h a t  t h e  s i z e  of 

t h e  sampling s u r f a c e  i s  n o t  a c r i t i c a l  parameter. Con- 

crete pads 1 0  inches  by 1 0  inches  (TG 57) and 12 

i nches  by 12 i nches  (Roller Coaster) were ueed with- 

o u t  n o t a b l e  d i f f e r e n c e s .  F i l t e r  pape r s  4 . 2 5  cm i n  diam- 

e ter  seem e q u a l l y  p roduc t ive .  The fact  t h a t  t h e  s u r f a c e  

of i n t e r e s t  is f l a t  and r e l a t i v e l y  smooth seems t o  be 

more impor tan t  t han  p h y s i c a l  dimensions when located a t  

d i s t a n c e s  g r e a t e r  than 2,500 fee t  downwind, where Roller 

Coaster comparisons were made. 

114 



Figure 4.1 Eberline Model SAC-3 scintillation alpha counter. 
(Eberline Instrument photo) 
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CHAPTER 5 

COR.RELATION, ACCOUNTABILITY, AND DISCUSSION 

In  a d i s c u s s i o n  of c o r r e l a t i o n  and a c c o u n t a b i l i t y  of 

t h e  d i s t r i b u t i o n  of  t h e  plutonium d i s p e r s e d  i n  Opera t ion  

Roller Coaster ,  one must f i r s t  a p p r e c i a t e  t h e  i n t e r r e l a -  

t i o n s h i p  of P r o j e c t s  2.1, 2.3, and 2.5. The prime ob jec -  

t i v e  of Project  2.1 was t o  determine t h e  amount of  plu-  

tonium a s s o c i a t e d  wi th  t h e  d i r t  and d e b r i s  r e s u l t i n g  from 

i g l o o  d e s t r u c t i o n  near ground zero and was p r i m a r i l y  con- 

cerned w i t h  C l e a n  S l a t e  11 and C l e a n  S l a t e  111, a l though  

t h i s  p r o j e c t  suppor ted  P r o j e c t  2.5 i n  Double Tracks and 

C l e a n  S l a t e  I .  Project 2.3 was t o  collect s o i l  and f a l l -  

o u t  samples a t  s p e c i f i c  l o c a t i o n s  f o r  rad iochemica l  deter- 

mina t ion  of plutonium and uranium c o n c e n t r a t i o n s  for 

corre la t ion  t o  2.5 PAC-3G surveys.  F i n a l l y ,  t h e  prime 

o b j e c t i v e  of  P r o j e c t  2.5 w a s  t o  survey  t h e  e n t i r e  g r i d  

a r r a y  downwind w i t h  p o r t a b l e  a l p h a  c o u n t e r s  (PAC-3G) t o  

a l low computation of t h e  t o t a l  amount of plutonium depos i -  

t e d  on t h e  g r i d  of each even t .  A secondary o b j e c t i v e  of  

Project  2.5 w a s  t o  de t e rmine  t h e  f e a s i b i l i t y  of a v e h i c l e -  

mounted gamma scanner  as  a t o o l  f o r  n u c l e a r  a c c i d e n t  

e v a l u a t i o n .  I t  w a s  decided t h a t  t h e  prime o b j e c t i v e  

( a l p h a  su rvey)  of F r o j e c t  2 .5  would be carr ied o u t  from t h e  
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2,5OO-foot a r c  (Arc B) t o  t h e  downwind e x t e n t  of t h e  a r r a y  

of each  even t ,  and t h a t  other surveys  (nea r  GZ) would be 

secondary. Thus it can be seen t h a t  P r o j e c t  2.1 and 

Project 2.5 overlapped in t h e  GZ a r e a s ,  and both  were v i t a l l y  

dependent on Project 2.3 f o r  a b s o l u t e  c o r r e l a t i o n  f a c t o r s .  

Unant ic ipa ted  e v e n t s  and d i f f i c u l t i e s  f u r t h e r  compli- 

c a t e d  t h i s  i n t e r r e l a t i o n s h i p .  The  massive contaminat ion 

of the steel plate beneath the DT unit was not anticipated, and yet early esti- 

mates  i n d i c a t e d  t h a t  a s i g n i f i c a n t  p o r t i o n  of t o t a l  p lu-  

tonium was t rapped  the reon ,  and t h a t  t h i s  amountwas 

impor tan t  t o  t o t a l  a c c o u n t a b i l i t y .  To a lesser but real extent, 

metal i g l o o  d e b r i s  was contaminated also in the 

C l e a n  S l a t e  I1 and C l e a n  S l a t e  I11  e v e n t s .  The amount 

of  plutonium a g a i n  became s i g n i f i c a n t ,  and s t e p s  were 

t aken  t o  r e -eva lua te  both  t h e  DT p l a t e  and t h e  CS i g l o o  

d e b r i s .  T h i s  work i s  s t i l l  i n  p rogres s  and i s  c a l l e d  

Roller Coaster Follow-On. Upon complet ion of r ad io -  

chemis t ry ,  a s e p a r a t e  r e p o r t  on t h e  f i n d i n g s  and d a t a  

w i l l  be a v a i l a b l e .  These d a t a  could change t h e  t o t a l  

a c c o u n t a b i l i t y  by a s  much a s  1 0  pe rcen t .  

In  r ega rd  t o  s o i l  samples ,  it was found t o  be extreme- 

l y  d i f f i c u l t ,  i f  n o t  imposs ib le  t o  p rov ide  c o r r e l a t i v e  

r ad iochemis t ry  f o r  PAC-3G readings .  F i r s t ,  it was found 

t h a t  dry aliquots of samples to make a reasonable s i z e  f o r  labora-  
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t o r y  a n a l y s i s  produced d a t a  which was ve ry  erratic. 

Secondly, complete s o l u t i o n  of  l a r g e r  s o i l  samples (200 

grams) was d i f f i c u l t  and t i m e  consuming, and y e t  a 200- 

gram sample was no t  t r u l y  a r e p r e s e n t a t i v e  a l i q u o t .  I n  

view of  t h e s e  and many o t h e r  v a r i a b l e s ,  a c c o u n t a b i l i t y  

and c o r r e l a t i o n  results given i n  t h i s  r e p o r t  must be 

viewed wi th  cau t ion .  Because work i s  s t i l l  going on t o  

provide  a better knowledge of 

all raw d a t a  c o l l e c t e d  by P r o j e c t  2 . 5  i s  tabulated for use in 

f u t u r e  c o r r e l a t i o n s .  

a c c o u n t a b i l i t y  and c o r r e l a t i o n ,  

C o r r e l a t i o n  of i n s t rumen ta t ion  r ead ings  was neces-  

s a r y  i n  o r d e r  t h a t  f i n a l  a c c o u n t a b i l i t y  be a s  a c c u r a t e  

a s  p o s s i b l e .  T h i s  was p a r t i c u l a r l y  impor tan t  f o r  c l o s e -  

i n  a r e a s  where  t h e  contaminat ion l e v e l s  were so high a s  

t o  cause  a lpha  survey equipment t o  read o f f  s c a l e .  These 

a r e a s ,  w h i l e  n o t  l a r g e ,  s t i l l  could c o n t a i n  a s i g n i f i c a n t  

fraction of the plutonium released. During each e v e n t ,  p lace-  

m e n t  of 36  pad c lus te rs  was made i n  hopes t h a t  t hey  would 

be s u f f i c i e n t l y  contaminated f o r  equipment c o r r e l a t i o n ,  

which could then be r e l a t e d  t o  a c t u a l  s u r f a c e  amounts of 

plutonium by rad iochemis t ry .  However, e s t i m a t e s  of wind 

d i r e c t i o n  and l e v e l s  of d e p o s i t i o n  were n o t  always suf -  

f i c i e n t l y  a c c u r a t e :  so, a t  times, s p e c i f i c  p o i n t s  were 

missed. Data was  c o l l e c t e d  a t  a r c  l o c a t i o n s  and o t h e r  

, 
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p o i n t s  and t a b u l a t e d  for f u t u r e  r e f e r e n c e  and c o r r e l a t i o n  

as shown i n  Tables 3.1 and 3.2. 

I n  t h e  fo l lowing  d i s c u s s i o n ,  a b b r e v i a t i o n s  w i l l  be 

used as i n d i c a t e d :  VMGS, vehicle-mounted gamma scanner:  

PG-1, plutonium gama probe.  

On t h e  DoubIe Tracks e v e n t ,  l i t t l e  c o r r e l a t i v e  d a t a  

was ava i l ab le  due t o  t h e  l o w  l e v e l s  and g r e a t  sp read  of 

the contamination. Alpha survey readings which varied on various parts 

of individual pads by as much as a factor of two to three were a common 

occurrence. 

On CS I, the uniformity of alpha survey measurements on the same pad 

was b e t t e r ;  variations of a factor of two to three 

were observed,  b u t  they were the exceptions. C o r r e l a t i v e  

measurements on t h e  c o n c r e t e  G Z  pad of C S I  i n d i c a t e d  a 

W G S  t o  PG-1 r a t i o  of 4 : l .  Comparison of peak va lues  

o b t a i n e d  on each arc  a t  t h e  same l o c a t i o n  by t h e  PAC-3G 

and t h e  VMGS gave an average  r a t i o  of  1 5 : l  w i t h  i n d i v i d u a l  

a r c  averages  va ry ing  from 1 O : l  t o  25:l. These f i g u r e s  

reduced to mean ratios are: 
PAC-3G:VMGS - 1 5 : l ;  
PAC-3G:PG-1 - 60:l. 

On CSII ,  t h e  un i fo rmi ty  of a l p h a  survey  measurements 

was still be t te r .  C o r r e l a t i v e  measurements were a l s o  

b e t t e r  f o r  a l p h a  and gamma survey.  The 36 pad c l u s t e r  

a t  CP-05 was h e a v i l y  contaminated and r e s u l t e d  i n  t h e  
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fo l lowing  r ead ings :  

PAC-3G 80,000 cpm (average) 
VMGS 4 , 0 0 0  cpm ( n e t )  

These f i g u r e s  reduced t o  r a t i o s  are: 

PAC-3G:VMGS - 2 0 : 1 ,  
PAC-3G:PG-1 - 53 : l .  

The ratio of the peak alpha survey measurements to VMGS peaks 

v a r i e d  from 7 . 5  t o  40  o v e r  t h e  arcs and averaged 23:l .  

PAC-3G:PG-1 measurements could  be made on ly  on arc B 

where t h e  r a t i o  w a s  6 7 : 1 .  

On CSIII ,  measurements and procedures  were very 

s imi la r  t o  CSII. C o r r e l a t i v e  measurements made on t h e  36 

c o n c r e t e  pads a t  Stations CP05 and CP06 w i t h  a PAC-3G 

averaged 8 0 , 0 0 0  cpm and 12,500, cpm r e s p e c t i v e l y .  PAC-3G: 

VMGS r a t io s  were 1 4 : l  and  2 0 : l , r e s p e c t i v e l y .  The PAC-3G: 

PG-1 r a t i o  f o r  S t a t i o n  CP05 was 53:l. Comparison of peak  

PAC-3G and VMGS l e v e l s  on each arc  of CSIII i n d i c a t e d  an 

average  r a t i o  of 2 0 : l  w i t h  a sp read  from 1 O : l  t o  30: l  f o r  

i n d i v i d u a l  arcs. 

Averaging a l l  of t h e  c o r r e l a t i v e  measurements, it is 

b e l i e v e d  t h a t  t h e  fo l lowing  r a t io s  are as accurate  as can 

be ob ta ined  under t h e  c i rcumstances  of Opera t ion  Roller 

Coaster: 

PAC-3G:VMGS - 20 : l ;  
PAC-3G:PG-1 - 60 : l .  

E 
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Total a c c o u n t a b i l i t y  f i g u r e s  f o r  t h e  d i s p e r s e d  plu- 

tonium from each even t  must awai t  t h e  f i n a l  de te rmina t ion  

of t h e  accepted  c o r r e l a t i o n  f a c t o r  a n d , t h e r e f o r e ,  cannot 

be r e a l i s t i c a l l y  e s t i m a t e d  i n  t h i s  r e p o r t .  A d d i t i o n a l l y ,  

work i s  s t i l l  i n  p rog res s  t o  f u r t h e r  e v a l u a t e  t h e  t o t a l  

scavenging e f f e c t  of  t h e  DT s teel  P l a t e  and CS i g l o o  

d e b r i s .  Too, the i n t e r r e l a t i o n s h i p  of  many p r o j e c t s  

must be cons idered .  When t h e  f i n a l  c o r r e l a t i o n  f a c t o r  

f o r  a lpha  survey i s  a v a i l a b l e ,  then  cpm read ings  i n  t h i s  

r e p o r t  may be changed t o  micrograms of plutonium, and the total plu- 

tonium sp read  over  each g r i d  a r r a y  may be c a l c u l a t e d .  

T h i s ,  added t o  t h e  close-in amounts determined by Pro- 

ject  2 . 1  through mining and o t h e r  t echn iques ,  t h e  Follow- 

On work, and t h e  amounts t rapped  i n  a i r  sampling i n s t r u -  

mentat ion and on animal specimens, should  g i v e  a more 

conf iden t  e s t i m a t e  o f  a c c o u n t a b i l i t y .  

A p o i n t  worthy of f u r t h e r  d i s c u s s i o n  was v i v i d l y  

i l l u s t r a t e d  on t h e  C S I I  event .  The high d e n s i t y  spacing 

of c o n c r e t e  pads f o r  a lpha  monitor ing on t h e  c l o s e - i n  

g r i d  a r r a y  d i d  n o t  define the true hot line accurately. 

A traverse with t h e  vehicle-mounted gamma scanner  showed 

t h a t  a t  c lo se - in  distances to  ground ze ro  ( less than  

2 , 0 0 0  f ee t )  t h e  t r u e  ho t  l i n e  followed a t o r t u o u s  p a t h  

and f e l l  between a lpha  monitor ing pads. T h i s  ho t  
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line was later verified by intermediate station alpha monitoring. Figure 5.1 

i s  a g r a p h i c a l  r e p r e s e n t a t i o n  of t h i s  occur rence .  I t  is 

po in ted  o u t  t h a t  pad spac ing  was 5 0 ,  1 0 0 ,  and 250  feet  

on t h e  g r i d  a r r a y ,  and y e t  o n l y  a s i n g l e  a lpha  moni tor ing  

s t a t i o n  was a c t u a l l y  i n t e r s e c t e d  by t h e  t r u e  h o t  l i n e .  

S i m i l a r  o b s e r v a t i o n s  were made on o t h e r  e v e n t s ,  

The e f f e c t  of weather ing  on a l p h a  survey d a t a  h a s  

a l r e a d y  been mentioned and i l l u s t r a t e d ,  A s imi la r  e f f e c t  

was noted  on gamma scan t r a v e r s e ,  a l though  t h e  deg rada t ion  

was n o t  so g r e a t ,  because of t h e  greater p e n e t r a t i o n  a b i l i -  

t y  of t h e  Pu 2s8, X-rays, and Ama1 gammas. 

p a r t i c u l a r l y  impor tan t  i n  an a c c i d e n t  s i t u a t i o n  wherein 

moni tor ing  cou ld  n o t  be accomplished immediately.  Over 

a p e r i o d  of  seven days ,  it is e s t i m a t e d  t h a t  t h e  gamma 

scan  t echn ique  would be degraded by a f a c t o r  of  from 2 

t o  3 by average  weather ing ,  whereas a l p h a  survey  monitor-  

i n g  would be degraded by a f a c t o r  of 6 t o  1 0  or g r e a t e r  

i n  s imi la r  c o n d i t i o n s .  The a lpha  survey  degrada t ion  was 

c a l c u l a t e d  on  t h e  b a s i s  of c o n c r e t e  pad mon i to r ing ,  and 

it i s  be l i eved  t h a t  t h e  deq rada t ion  o c c u r r i n g  on a c t u a l  

s o i l  s u r f a c e s  would i n c r e a s e  by a n o t h e r  f a c t o r  of 2 or 3. 

This  would be 

Observing t h e  c l o s e - i n  a lpha  survey  p l o t  (F igu re  2.31 

for  t h e  CSIII e v e n t ,  a s  well a s  the gamma scan  p l o t  (Fig-  

u r e  3.13) f o r  CSIII, and coinparing t h e s e  t o  t h e i r  coun te r -  

p a r t  diagrams for CSII (F iqu res  2.30 and 3.12), one i s  

I 
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led to believe that the igloo with &foot earth cover confined the explosive 

products for a somewhat longer period of time and produced a 

squirting effect through the door of CSIII. This effect 

was restricted to about 600 feet from ground zero, where 

prevailing wind conditions dictated direction of downwind 

travel. 
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CHAPTER 6 

CONCLUSIONS AND RECOPWENDATIONS 

Considering all four events of Operation Roller 

Coaster, the following comments and recommendations are 

made : 

1. Alpha surveys on brushed concrete surfaces, with 

portable instrumentation, proved to be a reliable 

method for obtaining a preliminary assessment of 

contamination levels. This fact coupled with the 

results of the filter disc technique indicates 

that flat, smooth surfaces should be utilized 

whenever possible to provide more reliable data. 

2 .  The feasibility of using vehicle-mounted, low- 

energy gamma detection techniques was demonstra- 

ted. Considering the comfort and safety of 

field personnel and speed and thoroughness of 

data collection, this method is superior to 

alpha monitoring where rapid delineation of 

contamination patterns over large land areas is 

desirable. 

3 .  There are other situations associated with 

weapon accidents where gamma detection might be the 

only means available. (This could occur in incle- 

ment weather, heavy vegetation, and forested areas.) 
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The Am 241 c o n t r i b u t i o n  t o  t h e  t o t a l  gamma spectrum 

of weapon grade  Pu 239 can be  u t i l i z e d  r e l i a b l y  i n  

t h e s e  circumstances.  

4 .  C o r r e l a t i v e  alpha-to-gamma f a c t o r s  f o r  f r e s h l y  

appear  t o  be: 239 depos i t ed  weapon grade  Pu 

a.  PAC-3G: v e h i c l e  gamma scanner  about  2 0 : l .  

b. PAC-3G: PG-1 gamma probe about  60 : l .  

5 .  Deposi t ion l e v e l s  from bunker or covered s t o r a g e  

type  d e t o n a t i o n s  were about  t h r e e  times h igher  

i n  t h e  f i r s t  1 0 , 0 0 0  f e e t  downwind than  on open 

s h o t s ,  Beyond t h i s  d i s t a n c e  they  were about  t h e  

same under t h e  c o n d i t i o n s  which obta ined  du r ing  

t h i s  ope ra t ion :  t h i s  obse rva t ion  needs t o  be 

normalized t o  t h e  s p e c i f i c  meteorology which 

p r e v a i l e d  i n  t h e  i n d i v i d u a l  cases. 

6. The  U.S. Army mask, p r o t e c t i v e ,  f i e l d ,  M-17,was 

used e x c l u s i v e l y  by P r o j e c t  2.5 personnel  i n  con- 

t amina ted  a r e a s .  In  terms of comfort ,  speech 

t r ansmiss ion ,  and r e s p i r a t o r y  p r o t e c t i o n  charac-  

t e r i s t i c s ,  t h i s  mask i s  recommended over  o t h e r  

models a v a i l a b l e  f o r  s i m i l a r  o p e r a t i o n s .  

7. On t h e  assumption of 2 0 0  cpm alpha  pe r  PAC-3G 

t o  1 vg/m2 Pu (which is  rea-  probe equivalent 

sonable  pending r e f  inements of Roller Coaster 

d a t a ) ,  t h e n  2 0 0 , 0 0 0  cpm a lpha  pe r  PAC-3G probe 

i 
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r e p r e s e n t s  1 , 0 0 0  ug/m2 Pu. 

n a t i o n  of 2 0 0 , 0 0 0  cpm ex tends  less than  2,500 f e e t  

downwind and ve ry  c l o s e  t o  t h e  a c t u a l  GZ p o i n t  i n  

o t h e r  d i r e c t i o n s  unde r  t h e  c o n d i t i o n s  of Roller 

Coaster d e t o n a t i o n s .  

The a r e a  of  contami- 

8 .  The unit pg/m2 based on a lpha  measurements on ly ,  

can be mis leading  i n  s e v e r a l  s i t u a t i o n s .  F i r s t ,  

s p o t t y  contaminat ion p a t t e r n s  a r e  d i f f i c u l t  t o  

a s s e s s  w i t h  t h e  r e l a t i v e l y  small ( 6 0  t o  1 0 0  c m  ) 

probe a r e a s  of  p o r t a b l e  r a d i a c s .  Roller Coaster 

demonstrated t h a t  much i n f o r m a t i o n , e s p e c i a l l y  

peak v a l u e s ,  could be missed even a t  h igh  den- 

s i t y  of monitor ing s t a t i o n s .  Th i s  e f f e c t  was 

prominent i n  c l o s e  ( ~ 2 , 5 0 0  f e e t )  and of less 

importance f u r t h e r  downwind. Low energy gamma 

t echn iques  o f f e r  a means of overcoming t h e s e  

d e f i c i e n c e s  by p e r m i t t i n g  cont inuous  monitor ing 

of l a r g e  a r e a s  w i t h  e i t h e r  p o r t a b l e  o r  v e h i c l e -  

mounted equipment. A t  t h e  sane time, t h e  a r e a  

r ep resen ted  by a g iven  reading  more c l o s e l y  

approximates  t h a t  of a square  meter. I t  is 

h igh ly  d e s i r a b l e  t h a t  Roller Coaster a n a l y s e s  

supply reasonable  c o r r e l a t i o n  of gamma l e v e l s  

w i th  a lpha  l e v e l s  a s  a t o o l  f o r  f i e l d  use .  T h i s  

2 

2 w i l l  permit  assignment of r e a l  meaning t o  pg/m 
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v a l u e s  which  is mis s ing  i f  o n l y  a l p h a  contamina- 

t i o n  i s  measured. 

9 .  I t  appea r s  t h a t  t h e  a r e a  of immediate concern 

from an a c c i d e n t  s imi la r  t o  t h e  c o n d i t i o n s  which 

p r e v a i l e d  d u r i n g  t h e  Roller Coaster events  would 

be c lose - in  t o  t h e  p o i n t  of d e t o n a t i o n ,  and t h u s  

a gamma scan t echn ique  f o r  plutonium contaminat ion  

would be adequate  f o r  p r e l i m i n a r y  e v a l u a t i o n s .  
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APPENDIX A 

SUMMARY OF RAW DATA (ALPHA SURVEY) 

This i s  a compi l a t ion  of  t h e  raw PAC-3G d a t a  

t a k e n  from a l l  f o u r  e v e n t s  of Opera t ion  Roller Coaster. 

Three r e a d i n g s  were t a k e n  on each  12-inch by 12-inch con- 

crete pad and t h e  mean r e a d i n g  ga ined  a r i t h m e t i c a l l y .  

O r i g i n a l l y ,  it was in tended  t h a t  t h e  mean r ead ing  would 

be t r ansposed  so as t o  be expres sed  i n  micrograms pe r  

square meter, b u t  t h e  many d i f f i c u l t i e s  encountered  i n  

s o i l  sampling,  a l i q u o t i n g ,  and chemis t ry  have prec luded  

t h e  e s t a b l i s h m e n t  of  a v a l i d  convers ion  f a c t o r .  

The d a t a  forms f o r  each  event  are  a r r anged  so t h a t  

r e a d i n g s  run  from t h e  g r i d  a r r a y s  ( A ,  B, and C) n e a r  ground 

z e r o  s e q u e n t i a l l y  t o  t h e  outermost arc,  as w e l l  as chrono- 

l o g i c a l l y ,  where d u p l i c a t e  r e a d i n g s  were t aken  a f t e r  D-day. 

These d a t a  forms d o  n o t  i n c l u d e  t h e  v e r y  close-in (DT p l a t e )  

d a t a ,  n o r  s p e c i a l i z e d  measurements made f o r  p a r t i c u l a r  

s t u d i e s .  Although t h e y  are r e a l l y  a p a r t  of Project  2 . 1 ,  

t h e y  are inc luded  a s  a m a t t e r  of  convenience i n  t h e  main 

body of t h e  POR. 

141 



EVENT: DOUBLE "RACKS 

LOCATION "A" GRID ARRAY 

STATION 
NUMBER 

DATE 15 MAY 1963 

PAC-3G READINGS (CPM) MEAN I 
1 2 I 3 READING 

AF06 I GL 1 I I 

AF08 I 150 150 700 170  
--*ooo 
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EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION "A" G R I D  ARRAY 
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EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION "B" GRID ARRAY 

STATION PAC-3G READINGS (CPM) MEAN 
NUMBER 1 2 3 READING I I 

144 

D D A Y  

I 



EVENT 

LOCATION 

DOUBLE TRACKS DATE 15 MAY 1963 

"B" GRID ARRAY 
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EVENT: DOUBLE TRACKS D A T E  15 MAY 1963 

LOCATION "C" G R I D  ARRAY 

D-DAY 

I I READING MEAN 1 STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 
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EVENT: DOUBLE TRACKS DATE 18 MAY 1963 

LOCATION “A” GRID ARRAY 

D + 3  DAY 

STATION PAC-3G READINGS (CPM) MEAN 1 I NUMBER 1 I 2 I 3 READING 
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EVENT: DOUBLE TRACKS DATE 18 MAY 1963 

LOCATION "B" GRID ARRAY 

NUMBER 1 2 3 
I I 1 I 

BAOZ-BA15 I (Less than lop cpm) 
I I I I 
I 1 I I 

BB02 & BB03 I 
BB13-BB15 I (Lkss than lob  cmd 1 

(L)ss than l o p  cpm) 

1 I I I 
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EVENT: DOUBLE TRACKS DATE 18 May 1963 

STAT ION 
NUMBER 

LOCATION 

I I READING MEAN I PAC-3G READINGS (CPM) 
1 2 3 

"C" GRID ARRAY 

r I 
~ 

CQ09 2.000 I 3.5 00 1.000 2.170 
C Q l O  20,000 I 20,000 15.000 18.300 
C Q l l  ( L b s  than lob c m )  

I I I I 

I I I I I I I I I I 

I I I I I 

t I I I I 4 
I 

~~ 

I I I 
1 I 
I I I I I 

~~ 

I I I I 1 

t I I I I 
I I I I 
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EVENT: DOUBLE TRACKS DATE 24 MAY 1963 

LOCATION "A" GRID ARRAY 

NUMBER 1 

D+9 DAY 
I 

R E  ADIN G 2 3 

r- I I I 
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EVENT: DOUBLE TRACKS DATE 24 MAY 1963 

LOCATION "B" G R I D  ARRAY 

D49 DAY 

PAC-3G READINGS CPM) 1-1 Z N G  I 

I I I I I 

I I I I r I I ~. -1 
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EVENT: 

LOCATION 

I 
R M l O  1 25 
RMI7 I 25 

DOUBLE TRACKS DATE 24 MAY 1963 

"B" GEID A R F S Y  & "C" GRID ARRAY 

7 5  7 5  &n 
25 7 5  7 %  

RC13 50 5 0  So 5n 
BG15 50 50 50 50 

D+9 D A Y  
I 



EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION ARC "B" 

1-1 PAC-3G READINGS CPM 
Z N C  1 

153 



EVENT: DOUBLE TRACKS D A T E 1 5  MAY 1 9 6 3  

LOCATION ARC "C" 

~~ 

I 
I 

I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

I I 

I I 1 
154 



EVENT: DOUBLE TRACKS D A T E 1 5  MAY 1963 

LOCATION ARC "D" 

1 READING I MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

D-DAY 

155 



EVENT: DOUBLE TIL4CI:S DATE 1 5  I . i l sY 1963 

LOCATION ARC "E" 

STATION I NUMBER 

D-DAY 
I 

I I R E  ADIN G I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

156 



I 

EVENT: 

LOCATION 

DOUBLE TRACKS D A T E  15 MAY 1963 

ARC "F" 

D-DAY 

157 



EVENT: DOUBLE TRACKS 

LOCATION ARC "G" 

DATE 15 MAY 1963 D-DAY 

t 

158 



EVENT: WUBLE TRACKS DATE 15 MAY 1963 

LOCATION ARC "ti" 

D-DAY 

READING 
STATION PAC-3G READINGS (CPM) I NUMBER 1 2 3 

159 



EVENT: DOUBLE TRACKS 

LOCATION ARC "I" 

D A T E  15 MAY 1963 D-DAY 

I READING I MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

160 



D A T E  DAY EVENT: 

LOCATION ARC "I" CONTINUTED 

STATION PAC-3G READINGS (CPM) MEAN I 
NUMBER 1 2 I 3 R E  AD IN G 

I I I 1 
I I I I 

I I I I 

I I I I 

~~ 

I I I I I 

161 



EVENT: DOUBLE TRACKS 

LOCATION ARC "J" 

STATION I NUMBER 

D-DAY . 
PAC-3G READINGS (CPM) MEAN 1 
1 2 1 3 READING 

000-033 
034 
35 
36 
37 

(Lees than 100 c)m) 
50 1.000 150 400 
350 1.500 1.500 1,100 

2,000 500 1.000 1.200 
550 1.500 1.500 1.200 

38 I 7 50 I 750 I 750 I 750 
39 I 450 I 250 800 I 500 
40 I 1.500 I 1.500 I 2.000 1 1.700 

162 



EVENT: DOUBLE TRACKS 

LOCATION ARC "K" 

DATE 15 MAY 1963 D-DAY 

STATION PAC-3G READINGS (CPM) MEAN I 
NUMBER 1 2 3 READING I 

163 



D A T E  15 MAY 1963 EVENT: DOUBLE TRACKS 

LOCATION ARC "L" 

STATION 
NUMBER I 

I I I I 

I I READING 1 MEAN I PAC-3G READINGS (CPM) 
1 2 3 

D D A Y  

I 

164 



EVENT: DOUBLE TRACKS D A T E  15 MAY 1963 

LOCATION ARC "M" 

D- DAY 

1 I I READING MEAN I STATION PAC-% READINGS (CPM) 
NUMBER 1 2 3 

165 



EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION ARC "N" 

STATION PAC-= READINGS (CPM) 
NUMBER 1 2 3 I 

WEAN 
READING 

D-DAY 
I 

166 



EVENT: DOUBLE TRACKS D A T E  15 MAY 1963 

LOCATION ARC "0" 

STATION 
NUMBER 

D-DAY 

I READING MEAN I PAC-3G READINGS (CPM) 
1 2 3 

167 



EVENT: 

LOCATION 

DOUBLE TRACKS DATE 15 MAY 1963 

ARC "P" 

I I I I 

1 I READING 
STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

168 

D-DAY 

I 



EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION ARC "Q" 

STAT ION I NUMBER 

D-DAY 

I I RE MEAN AD IN G I PAC-3G READINGS (CPM) 
1 2 3 

169 



EVENT: D A T E  

STATION I NUMBER 

LOCATION 

I f I READING MEAN I P A C J G  READINGS (CPM) 
1 2 3 

ARC "Q" CONTINLlED 

I 

I 

DAY 

I 

I 

t I I I I 

t I I I I 

I 

170 



EVENT: DOIIBLE TRACKS DATE 15 ItAY 1963 

LOCATION ARC "R" 

D-DAY 

I I I ~~ 1 

I I 1 I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

171 



EVENT: 

92 
093-120 

DATE 

100 100 100 100 
(Leas than 100 can) 

LOCATION ARC "R" CONTINUED 

DAY 

I 

I 
~ 

172 



EVENT: DOUBLE TRACKS DATE 18 MAY 1963 

LOCATION ARC "B" THROUGH ARC "H" 

STATION PAC-3G READINGS (CPM) MEAN 
NUMBER 1 2 3 R E  ADIN G 

173 



EVENT: DOUBLE TRACKS DATE 18 MAY 1963 

LOCATION ARC "J" THROUGH ARC "P" 

I READING I MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

174 



EVENT: DOUBLE TRACKS DATE 18 MAY 1963 

LOCATION ARC "R" 

r I I I 

I READING 
STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 I 

c I I I I I 

I I I I 

1 I I I 

I I I I I 

175 



STATION 
NUMBER 

176 

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 



EVENT: 

LOCATION 

DOUBLE TRACKS DATE 24 MAY 1963 

ARC "J" - ARC "P" 

1-1 PAC-3G READINGS CPM 
EGG 1 

I I I I 

40 I I 
L a 3  5 (LA 

177 



EVENT: DOUBLE TRACKS DATE 24 MAY 1963 

LOCATION ARC "R" 

STATION I NUMBER I I I R E  MEAN AD IN G I PAC-3C READINGS (CPM) 
1 2 3 

7 <  I 11- 1 1  I 
RO I I 

i I I 
I I I I 

I I I I 1 

I- - 1  I I I I 

i 

178 



D- DAY 

STAT ION I NUMBER 

EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION "A" ARRAY 

PAC-3G READINGS (CPM) MEAN 1 
1 I 2 I 3 READING 

179 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION "A" ARRAY 

180 

D- DAY 

8 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION "B" G R I D  ARRAY 

D-DAY 

I I I I 

I 
IT I 



EVENT:  CLEAN SUTE I 

LOCATION "B"GR1D ARRAY 

STATION 
NUMBER 

D- DAY 

I 

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

I I I I 

I I I ~- - 
I 



DATE 25 MAY 1963 EVENT: CLEAN SLATE I 

LOCATION "B" GRID ARRAY 

1 
~ ~~ 

I I I 

I I I READING MEAN I STATION PAC-3G READlNGS (CPM) 
NUMBER 1 2 3 

I I I I 

I I I I I i 

I I I I 
I 

I I I 

L I I I I I 

I I I I I 
i l  I I I i 

I I I I t I I I i 

D DAY 

I I I I 
I I I I 

183 



EVENT: CLEAN SLATE I D A T E  25 MAY 1963 

LOCATION "C" GRID ARRAY 

STATION 
NUMBER 

D-DAY 

3 

1 READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

184 



EVENT:  CLEAN SLATE I D A T E  2s MAY 1963 

LOCATION "C" GRID ARRAY 

STAT ION 
NUMBER 

PAC-3C READINGS (CPM) MEAN 1 
1 I 2 3 READING 

t- I I I I 
r I I I I 

I--- j 
I I 

I I 

D D A Y  

I I i--t----$ 

185 



EVENT: CLEAN SLATE I DATE 28 MAY 1963 

LOCATION "A" G R I D  ARRAY 

D t 3  DAY 

? 

PAC-3G READINGS CPM) 1-1 ENG I 



. STATION 
NUMBER 

EVENT: CLEAN SLATE I DATE 28 MAY 1963 

LOCATION "B" G R I D  ARRAY 

R E  AD IN G I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

187 



DATE 28 MAY 1963 EVENT: CLEAN SLATE I 

LOCATION "B" G R I D  ARRAY 

188 



EVENT: CLEAN SLATE I D A T E  26 MAY 1963 

STATION I NUMBER 

LOCATION 

PAC-3G READINGS (CPM) MEAN I 
1 2 I 3 RE AD IN G 

“B” GRID ARRAY 

I I I I 

I I I I 

I 1 I I I 

I I I I 

I I 1 I I 

I I I I i I 
t I I I I 1 

I I I I 

189 



EVENT: CLEAN SLATE I DATE 28 MAY 1963 

STATION 
NUMBER 

LOCATION "C" GRID ARRAY 

PAC-3G READINGS (CPM) MEAN 
1 2 3 READING 

D+3 DAY 

I 

190 



EVENT: CLEAN SLATE I DATE 25 PLAY 1963 

LOCATION ARC "B" 

NUMBER 1 

D- DAY 

READING 2 3 
I I I I 

000-008 I (Less1 than 100 cbm) 
009 150 I 125 I 100 I 125 

t I I I I 

c- - I I I I 
p- I I I I 

-u 
191 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION ARC "C" 

STATION PAC-3G READINGS (CPM) MEAN I 
NUMBER 1 1 2 3 READING 

192 



EVENT: 

LOCATION 

STATION 
NUMBER 

CLEAN SLATE I 

PAC-3G READINGS (CPM) MEAN I 
1 2 3 READING 

ARC "D" 

t-..- I I I I 

DATE 25 MAY 1963 D- DAY 

I I I I I I 
L I I ! I I 

L I I I I 

I I I I I 

I I I I I 

193 



CLEAN SLATE I DATE 25 MAY 1963 EVENT: 

LOCATION ARC "E" 

STATION 
NUMBER READING I MEAN I PAC-3G READINGS (CPM) 

1 2 3 

D- DAY 

194 



EVENT: CLEAN SLATE I 

LOCATION ARC "F" 

DATE 25 MAY 1963 

PAC-3G READINGS (CPM) 1-1 S N G  1 

037 I 150 I 75 ion I 110 - ( I 
I I I 
I I I I i 
1 I , I 

I I 
1 I I I I 
1 I I I I 

I I I I 
I I I I 



EVENT: CLEAN SLATE I 

LOCATION ARC "G" 

STAT ION 
NUMBER 

DATE 25 MAY 1963 

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

D- DAY 

196 



i 

EVENT: CLEAN SLATE I D A T E  25 MAY 1963 

LOCATION ARC "H" THROUGH ARC "J" 

D-DAY 

I READING 
STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

197 



EVENT: 

LOCATION 

STATION 
NUMBER 

CLEAN SLATE I 

ARC"K" 

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

D A T E  25 MAY 1963 D- DAY 

, 

~~ 

034 300 1 250 I 200 I 250 
035 I 100 I 100 I 200 I 130 

036-037 (Less1 than 100 cb) 
038 I 25 I 150 I 100 I 100 
039 100 150 1 50 I 120 

p - 1 2 0  I (Less1 than 100 cbm) I 

I I I I 

I I I I 

I I I ! I 

I I I I 

I I I I 

F I I I I 

I I !=  

198 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION ARC "L" 

D-DAY 

STATION PAC-3G READINGS (CPM) MEAN I 
NUMBER 1 2 3 READING 

199 



EVENT: 

LOCATION 

STATION 
NUMBER 

CLEAN SLATE I DATE 25 MAY 1963 

ARC “M’ 

I I I I 
PAC-3G READINGS (CPM) MEAN 
1 2 3 READING I 

zoo 

D- DAY 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION ARC "N" 

STAT ION 
NUMBER 

D-DAY 

I I READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

1 ~~ I I I 

I I I I 

I I I I 

201 



EVENT: CLEAN SLATE I DATE 25 MAY 1963 

LOCATION ARC "0" 

STATION 
NUMBER R E  ADIN G I MEAN I PAC-3G READINGS (CPM) 

1 2 3 

D-DAY 

. 

202 



EVENT: CLEAN SLATE DATE 25 MAY 1963 

LOCATION ARC "P" 

D- DAY 

203 



EVENT: CLEAN sum I DATE 2a MAY 1963 

LOCATION ARC “B” AND ARC “C” 

I I I I 

I I I I 1 
ARC “C” I I I I 

000-020 (Lesslthan 100 ch) 
021 I 100 I 450 I 100 I 220 

204 



EVENT: CLEAN SLATE I DATE 28 lUAy 1963 

LOCATION ARC "D" AND ARC "E" 

D-3 DAY 

I I I I I 

t 1 I I 

I I I I 

205 



EVENT:  C L U N  SLATE I DATE 28 MAY 1963 

LOCATION ARC "F" AND ARC "G" 

D+3 DAY 

206 



EVENT: 

LOCATION 

STATION I NUMBER 

CLEAN SLATE I DATE 28 MAY 1963 

ARC "H" AND ARC "I" 

I I I PAC-3G READINGS (CPM) MEAN 
1 2 3 READING 

D.3 DAY 

I- I I I I I 

I I I !: 

L I I I I I 

201 



EVENT: CLEAN SLATE I DATE 28 MAY 1963 

LOCATION ARC "J" AND ARC "K" 

0*3 DAY 

-025 I (Less1 than 100 c b )  I 
~~ 

n7fi 150 I inn I 175  1 1 LO 



EVENT: CLEAN SLATE I DATE 28 MY 1963 

LOCATION ARC "L" AND ARC "I4" 

209 



EVENT: CLEAN S U T E  I DATE 28 M Y  1963 

LOCATION ARC 'IN" THROUGH ARC "P" 

STATION I NUMBER 

Rr3 DAY 

PAC-3G READINGS (CPM) MEAN 1 
1 2 I 3 READING 

--- I 

210 



EVENT: CLEAN SUTE I1 DATE 31 MAY 1963 

LOCATlON "B" GRID APJVlI 

READING 
STATION PAC-3G READINGS fCPM) 
NUMBER 1 2 3 I 

D-DAY 

211 



EVENT:  CLEAN S U T %  I1 D A T E  31 :.%Y 1963 

LOCATION "B" G R I D  AXJA' 

t 1 I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 1 3 

D- D A Y  

212 



EVENT: CLWLN SLATE I1 DATE 31 MAY 1963 

LOCATION "B" GRID ARRAY 

D- DAY 

I I i READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

I I I I 
\ 

I I I 

I I I I I 

I I I 1 

I I I I I 
I I 

I I I I I 
7 -~ 1 -  I I I I 

I 

213 



EVENT: CIEAN SLATE I1 DATE 31 MAY 1 9 6 3  

LOCATION “C” GRID ARRAY 

STATION 
NUMBER 

D-DAY 

I READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

r I I I 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION 'IC" GRID ARRAY 

I I I I 

I I I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

D-DAY 

215 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "B" 

STATION 
NUMBER 

D-DAY 

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

I I I I 

216 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "C" 

STATION 
NUMBER 

D-DAY 

I READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

r 1- 1 ~ 

217 



EVENT: CLEAN SLATE 11 D A T E  31 MAY 1963 

LOCATION ARC "C" 

I 

I 
1 

D- DAY 

I I 
I 
I 

1-1 PAC-3G READINGS CPM AZL 1 

I I I I 
1 I I I 

I I I 1 
I I I I 

218 



EVENT: CLFAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "D" 

STATION 
NUMBER 

DOAY 

PAC-3G READINGS (CPM) MEAN I 
1 2 1 I 3 READING 

219 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "E" 

D-DAY 

220 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "E" 

110 
115 
120 

D-DAY 

450 600 550 530 
450 400 450 L70 
350 400 400 380 

I I I I I I 

I I I I I i t 

r I I I I I 
I I I I I 

I I I I I I 

221 



EVENT: CLEAN SLATE I1 D A T E  31 MAY 1963 

LOCATION ARC "F" 

D-DAY 

/x2 1-1 PAC-3G READINGS CPM) 
E * G  1 

222 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "F" 

STATION 
NUMBER I R E  MEAN AD IN G I PAC-3G READINGS (CPM) 

1 2 3 

223 



EVENT: CLEAN SLATE I1 

LOCATION ARC "G" 

STATION I NUMBER 

D A T E  31 MAY 1963 

I 1 I READING MEAN I PAC-3G READINGS (CPM) 
1 2 3 

D-DAY 

I I  I I 

120 300 250 300 28U 
224 



EVENT: CLEAN SLATE I1 D A T E  31 MAY 1963 

LOCATION ARC "H" 

STATION 
NUMBER 

D-DAY 

I READING I M E A N  I PAC-3G READINGS (CPM) 
1 2 3 

225 



EVENT: CLEAN SLATE I1 DATE 31 MAY 1963 

LOCATION ARC "I" 

I I I I 

I I I I 

226 



EVENT: CLEAN SLATE 11 DATE 31 MAY 1963 

LOCATION ARC "J" 

STATION 
NUMBER ! I READING MEAN I PAC-3G READINGS (CPM) 

1 2 3 

227 



EVENT: CLEAN SLATE I1 D A T E  31 MAY 1963 

LOCATION ARC "J" 

STATION 
NUMBER 

D-DAY . 

I READING M E A N  I PAC-3Ci READINGS (CPM) 
1 2 3 

080 
081 
082 
083 

200 150 150 170 
200 150 150 170 
150 150 150 150 
150 150 150 150 

~ 

084 I 200 I 7nn I m n  I 7nn 
085 100 I 100 I i5n I i7n 
086 I 100 I 150 I inn I 170 
081 100 I inn I inn I 1 nn I 

t I I I I 
I I I I 

r I I I I 



EVENT: CLEAN SLAm I1 

LOCATION ARC "K" 

STATION 
NUMBER 

DATE 31 MAY 1963 

PAC-3G READINGS (CPM) MEAN I 
1 2 3 READING 

D- DAY 



EVENT:  CLEAN SLATE I1 D A T E  31 MAY 1963 

LOCATION ARC "L" 

r I I I 

1 I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

D-DAY 

230 



EVENT: CLEAN SMTE I11 DATE 9 JUNE 1963 

LOCATION "B" GRID ANlAY 

STATION 
NUMBER 

D D A Y  . 
READING I MEAN I PAC-3G READINGS (CPM) 

1 2 3 

BE12 
BE13  

BE14-BE15 

150 100 I 100 120 

(Less than 100 d m )  
50 100 I 1 on an - 

BJOl 
BJ02 

232 

__ 
10,000 9,500 10.000- 9.800 
25.000 30,000 25.000 26.700 

---xdQl 45.000 45.000 40.000 -00 



EVENT: CLEAN SLATE 111 DATE 9 JUNE 1963 

LOCATION "B" GRID ARRAY 

STATION 
NUMBER 

D D A Y  

READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

7- I I I 

- BE12 
BE13 

BE14-BE15 

150 100 100 120 
50 100 1 on on 

(Less than 100 oDm) 

BJOl 
BJ02 

-m 

- 
10.000 9.500 10.000 9.800 
25.000 30,000 25.000 I 26.700 
45.000 45.000 4 0 . 0 0 0 ~ 0 0  

232 



EVENT: CLEAN SLATE III DATE 9 JUNE 1963 

LOCATION "B" GRID ARRAY 

PAC-3G READINGS CPM 1-1 E N G  I 

233 



EVENT: CLEAN SLATE I11 DATE 9 JUNE 1963 

LOCATION "B" G R I D  ARRAY 

D- DAY 

PAC-3G READINGS CPM 1-1 Z N G  I 

234 



EVENT: CLEAN SLATE I11 DATE 9 JUNE 1963 

LOCATION "C" G R I D  ARRAY 

~ 

STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

D- DAY 

MEAN 
READING I 

CAU1-CAI7 (Less than 100 cpm) 

2 f i U - C B l 7  ( J , P  1 

- I 

I I 

I I 

235 



EVENT: CLEAN SLATE 111 

LOCATION "C" GRID AWAY 

STATION I NUMBER 

I I I -7 

I I I READING MEAN I PAC-3G READINGS (CPM) 
1 2 3 

CN04 1 100 I 100 I 90 
CN05 I 40,000 I 37.500 I 40.000 1 3 9 . 2 0 0  
CN06 30,000 I 30,000 1 25,000 I 28.300 

236 



EVENT: CLEAN SLATE I11 

LOCATION “C” GRID ARRAY 

.- 

D A T E  9 JUNE 1963 D- DAY 

STATION PAC-3G READINGS (CPM) MEAN 1 
NUMBER 1 2 I 3 READING 

I I I I 
I I I I I 

r I I I I 

I I I I 

I I 1 I I 

I I I I I 
. - I 

237 



EVENT: CLEAN SIATE I11 DATE 9 JUNE 1963 

LOCATION ARC "B" 

D- DAY 

STATION PAC-3G READINGS (CPM) MEAN I 
NUMBER 1 2 3 READING 

238 



EVENT: 

LOCATION 

CLEAN SLATE I11 D A T E  9 JUNE 1963 

ARC "C" 

D- DAY 

i I I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

239 



EVENT: CLEAN SLATE 111 D A T E  9 JUNE 1963 

LOCATION ARC "D" 

D-DAY 

PAC-3G R E A D I N G S  (CPM) 1-1 E m  1 

240 



EVENT: CLEAN SLATE 111 

LOCATION ARC "E" 

STATION 
NUMBER 

DATE 

I I READING MEAN I PAC-3G READINGS (CPM) 
1 2 3 

9 JUNE 1963 

I t I 

I I 

D- DAY 

I 

I 

I 

I I I I 

241 



EVENT: CLEAN SLATE 111 DATE 9 JUNE 1963 

LOCATION ARC "F" 

I 1 I READING MEAN I STATION PAC-3G READINGS (CPM) 
NUMBER 1 2 3 

I I I 
I I I I 1 

I I I 1 I 

I I I I I 
242 



EVENT: CLEAN SLATE I11 DATE 9 JUNE 1963 

LOCATION ARC "G" 

STATION 
NUMBER 

D - D A Y  

I READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

7- I I I 

. 

I I  I I I I 



EVENT: CLEAN SLATE I11 DATE 9 JUNE 1963 

LOCATION ARC "H" 

--- ~ I I I I I 

STATION PAC-3G READINGS (CPM) MEAN 
NUMBER 1 I 2 I 3 READING 

D- DAY 

r I I I I 

i I I I I 

I I ! j 

I I I 

244 

t 



EVENT: CLEAN SLATE I11 DATE 9 JLNE 1963 

LOCATION ARC "I" 

D- DAY 

t 1 I I I 1 

I 

_- 
I 

1 I 1 I I 1 

245 



EVENT: CLFAN SLATE I11 DATE 9 JUNE 1963 

LOCATION ARC “J” 

STATION I NUMBER 

D- DAY 

PAC-3G READINGS (CPM) MEAN I 
1 2 I 3 READING 

I I I I 

I I I i -I 
I I I I 1 

1 I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I 

I I I 
I I I I 1 

246 



EVENT: 

STATION 
NUMBER 

CLEAN SLATE 111 

I I READING I MEAN I PAC-% READINGS (CPM) 
1 2 3 

LOCATION ARC "K" 

DATE 9 JUNE 1963 D- DAY 

1 I I I 

I I I I i 

247 



EVENT: 

STATION 
NUMBER 

CLEAN SLATE 111 

I READING I MEAN I PAC-3G READINGS (CPM) 
1 2 3 

DATE 9 JUNE 1963 

LOCATION ARC "L" 

r 1 I 1 

I I I I 
I I I I 

I I I I 

I I I I 1 
I I I I 
I I I I 

I I I I 

I I I I 

r -  I I I I .1 
I I I I 

I I I I i 
r I I I I I 

248 



APPENDIX B 

SUMMAEY OF RAW DATA (FILTER DISC SURVEY) 

This is a compi l a t ion  of d a t a  r e s u l t i n g  from 

f i l t e r  d i s c  su rvey  procedures .  Each f i l t e r  d i s c  t h a t  was 

r ecove red  was counted for one minute  i n  t h e  E b e r l i n e  SAC-3 

a s  a c r o s s  checking  p rocedure  f o r  a l p h a  su rvey .  The c l o s e  

c o r r e l a t i o n  of t h i s  d a t a  w i t h  a l p h a  s u r v e y ,  and t h e  added 

i n t e r e s t  i n  d e t e r m i n a t i o n  of a n  adequate  f a l l o u t  sample 

s i z e ) h a s  prompted t h e  i n c l u s i o n  of t h i s  d a t a  for f u r t h e r  

e v a l u a t i o n ,  i f  desired.  

249 



F I L T E R  DISC SURVEY DATA 

STATIOK 
NUMBER 

EVENT: DOUBLE TRACKS DATE 

LOCATION “A“ GRID ARRAY 

S A C - 3  
C P M  

STATIOK 
NUMBER 

D- DAY 15 MAY 1963 

SAC- 3 
C P M  

250 



EVENT:  DOUBLE TRACKS DATE 15 MAY 1963 D- DAY 

LOCATION "B" G R I D  ARRAY 

STATION SAC-3 I NUMBER 1 C P M  1 

BB-01 EH 

STATION SAC-3 1 NUMBER I C P M  I STATION SAC-3 I NUMBER 1 C P M  I 

251 



EVENT: DOUBLE TRACKS DATE 15 MAY 1963 

LOCATION "B" GRID ARRAY (Cont. ) 

06 
07 
08 
09 

STATION SAC- 3 1 NUMBER CPM 

4 
18. 

A 
1 0 8 8  

STATION SAC-3 
NUMBER 

I 4 
n 

0 4  
n C  

252 



EVENT: DOUBLE TRACKS DATE 15 MAY 1 9 6 3  D- DAY 

LOCATION "C"  GRID ARRAY 
, 

, 

253 



EVENT: DOUBLE TRACKS 

LOCATION " 8 "  ARC 

NUMBER 
STATION 
NUMBER 

DATE 15  MAY 1 9 6 3  D- DAY 

SAC-3 
CPM 

6 5  
66 
6 7  
6 8  

6 3  
6 4  I 149 

200 . 
149 

1399 
39 4 

254 



E V E N T :  DOUBLE TRACKS 

I 

1 1 
STATION SAC - 3 
NUMBER 

255 

120 I 0 



1 STATION 1 S:.4;3 I 
NUMBER 

DATE 

STATION SAC-3 
NUMBER 

0 I 80 I 
"l 

256 

1 5  MAY 1963 D- DAY 



EVENT: DOUBLE TRACKS 

LOCATION "E" ARC 
, DATF5 MAY 1963 D- DAY 

257 



EWENT- DOUBLE TRACKS 

LOCATION 'IF" ARC 

STATION 
NUMBER I 

D- DAY DATE 15 MAY 1963 

I SAC-3 
CPM 

258 



EVENT: DOUBLE TRACKS 

LOCATION "G" ARC 
, 

DATE 15 MAY 1963 D- DAY 

STATION 
NUMBER 

259 



EVENT: DOUBLE TRACKS 

LOCATION "H" ARC 

NUMBER 

I I 000 2 I 

7 
8 
04 n 

STATION 
NUMBER 

49 
5 0  
5 1  
5 2  

5 4  
5 5  
5 6  

53 

57 
58 

60 
61 
1 
63 
64 
65 
66 
67 

5 9  

- 
70 

-71- - 
72 

7 3  
I4 
75 
76 

79 
80 
R1 
82 
83 
84 
85 

87 
88 

8 9  
90 
91 - 9 2  
-9 3- 
94 
95 
96 

71 
78 

8 6  

9 7  

D- DAY DATE 1 5  MAY 1 9 6 4  

260 



EVENT: DOUBLE TRACKS 

LOCATION "I" ARC 

261 



EVENT: DOUBLE TRACKS 

LOCATION "J" ARC 

STATION SAC- 3 I NUMBER I CPM I 

DATE 1 5  MAY 1 9 6 3  D- DAY 

262 

118 I 0 

i 3 n  I 1 7  
119 0 

I 



EVENT DOUBLE TRACKS 

LOCATION "K" ARC 

. 5 1  
5 2  
5 3  
5 4  

c I 000 6 - I 
1 5 8  

4 9  
4 8 7 .  
6 7 1  

11 E33 1 7  -3 

DATE15 MAY 1 9 6 4  D- DAY 

STATION SAC - 3 
NUMBER 

I 
~~~ 

4 9  1 1 6 2  
c n  I 1 

t 56 I 1 4 9  
57  A4 

-1 STATION SAC-3 

263 



STATION 
NUMBER 

39 I 5 0 2  
n n  I n 

SAC- 3 
C P M  

I 41 I 6 1  
4 2  I 2 6 5  

STATION 
NUMBER 

D- DAY DATE 15 MAY 1963  

SAC- 3 
CPhl  1 STATION SAC-3 I NUMBER 1 C P M  1 

109 I 0 
1 1 0  5 
. > .  I 

I. ! 

264 



EVENT: DOUBLE TRACKS 

LOCATION "M" ARC 

STATION 
NUMBER 

DATE 

SAC- 3 
C P M  

1 5  MAY 1 9 6 3  D-DAY 

STAT:ON SAC-3  
NUMBER 

6R I l A  
69 2 
_I^ 

I 

I 

I U  

21 71 

265 



EVENT: DOUBLE TRACKS 

LOCATION " N "  ARC 

STATION 
NUMBER 

SAC- 3 
CPM 

DATE 15 MAY 1 9 6 3  D- DAY 

STATION SAC - 3 
NUMBER 

266 

. 

E s 3  



EVENT:  DOUBLE TRACKS 

LOCATION "0" ARC 

r -  1 I 

STATION SAC-3 
NUMBER 

DATE 15 MAY 1963. 

STATION SAC-3 
NUMBER 

I 51  I 1 5 0  
5 2  16 

267 

D- DAY 

1 STATIOK 1 S:A;3 1 
NUMBER 

107 I n 
108 0 

1 I 



EVENT: DOUBLE TRACKS 

LOCATION "p" ARC 

STATION SAC- 3 I NUMBER I C P M  I 
D- DAY DATE 15 MAY 1963 

268 



D- DAY DATE 15 MAY 1 9 6 3  

9 7  
9 4  
95  
96 
97 

i n  
n 
n 
n 
0 

1 STATION 1 S:Ah3 1 
NUMBER 

r I I 



EVENT: DOUBLE TRACKS 

LOCATION "R" ARC 

DATE 15 MAY 1963 D- DAY 

270 



EVENT:  CLEAN SLATE I 

LOCATION "A"  GRID ARRAY 

9 
10 
11 

DATE 

2 
0 
2 

2 5  MAY 1963 D- DAY 

AB-1 I 4 
2 3 

STATION 
NUMBER 

271 

1 STATION I S:;;3 1 
NUMBER 



EVENT: CLEAN SLATE I 

LOCATION GRID ARRAY 

DATE 25 MAY 1963 D- DAY 

STATION SAC - 3 
NUMBER 

I 

BB-1 6 

I I - I 1 

c I 
t 

I STATION I S:EA 
NUMBER 

I 1 1  I 1 1  



EVENT:  CLENj SLATE I DATE 2 5  MAY 1963. D- DAY 

LOCATION "B" G R I D  ARRAY c n t .  

NUMBER 

-1 
15 

273 



DATE 25 MAY 1 9 6 3  D- DAY 

CH-1 I 0 - 2 2 
3 3 
4 3 
5 4 

13 4 

STATION SAC - 3 I NUMBER 1 C P M  I 



25 MAY 1963 EVENT: CLEAN SLATE I D-DAY DATE 

LOCATION "C" GRID ARRAY (cont.) 

STATION SAC-3 1 NUMBER 1 C P M  1 

2 75 



EVENT: CLEAN SLA 

LOCATION "B" ARC 

TE 1 D-DAY DATE 25 MAY 1 9 6 3  

a 

nt. 

276 



I .  

EVENT: CLEAN SLATE I 

LOCATION 'IC" ARC 

NUMBER 

D-DAY DATE 25 MAY 1963 

n ited. 

277 



a 

nt. 

. 

278 



EVENT: CLEAN SLATE 1 

LOCATION "E" ARC 

D-DAY DATE 25 MAY 1963 

a 

nt. 

279 



EVENT: CLEAN SLATE I 

LOCATION "F" ARC 

I 

I -I 

D-DAY DATE 2 5  MAY 1 9 6 3  

STATION SAC-3 
I N U M B E R  1 CPM 1 

Y 

280 



I 

r . 

EVENT: CLEAN SLATE I 

LOCATION " G "  ARC 

D-DAY DATE 2 5  MAY 1963 

nt 

nt 

281 



EVENT: CLEAN SLATE I 

LOCATION "Ii" 

STATION SAC- 3 
NUMBER 

5 2 

25 MAY 1963 D-DAY DATE . 

282 



EVENT: CLEAN SLATE I 

LOCATION "I" ARC 

DATE 2 5  MAY 1963 D-DAY 

AU I 1 
49 1 _ _  

nt- 
ed. GammalScan 
Alpha Survdv d 

nt 

283 



EVENT: CLEAN SLATE I 

LOCATION "J" ARC 

t- 

wed 

284 



EVENT: CLEAN SLATE 

LOCATIOK "K" ARC 

I D-DAY DATE 2 5  MAY 1 9 6 3  

STATION SAC- 3 1 NUMBER I C P M  I 
I 

nnn I n 
1 I 6 
2 3 

STATION SAC-3 1 NUMBER I C P M  I 

285 



EVENT: CLEAN SLATE I 

LOCATION "L" ARC 

STATION SAC- 3 
NUMBER C P M  

D-DAY DATE 25 MAY 1963 

286 



EVENT: CLEAN SLATE I 

LOCATION "M" ARC 

STATION 
NUMBER 

D-DAY DATE 2 5  MAY 1963 

SAC- 3 
CP41 

I 

000 I 4 

a 

287 



EVENT: CLEAN SLATE I 

LOCATION "Nu ARC 

D D A Y  DATE 25 MAY 1963 

. 

and 
owed 

288 



EVENT: CLEAN SLATE I 

LOCATION "0" ARC 

S D A Y  DATE 25 MAY 1963 

57 I n 
58 I 0 

- 

amina t ion  levels t 
tl 

289 



EVENT: CLEAN SLATE 

LOCATION "P" ARC 

I D-DAY DATE 2 5  MAY 1963 . 

t 5 8  I 3 
5 9  1 

and Alpha 
on tamina t ion  
t. 

290 



"A"  G R I D  ARRAY LOCATION 

I 
AJ 1 - A J  $1 bkg. I 

I 

I 

r 

I -  - 

D-DAY DATE 31 MAY 1963 

STATION SAC- 3 
INUMBER I C P M  1 

I 
I I 

r- ~ 

I -I 

~~ 

I I 

291 



EVENT: CLEAN SLATE I1 

LOCATION “B” G R I D  ARRAY 

NUMBER 

DATE 3 1  MAY 1963 D- DAY 

- I 1 3  
in h 

I 

t BG-k I 91 
20117 

292 

STATION SAC- 3 1 NUMBER I C P M  I 
i 

1 I E ”  - -. 
2 9 1  97 



EVENT: CLEAN SLATE I1 

LOCATION "C" GRID ARRAY 

.. 

D-DAY DATE 25  MAY 1 9 6 3  

293 



EVENT. CLEAN SLATE I1 

LOCATION *B" ARC 

NUMBER 

D-DAY DATE 31 MAY 1963 

294 



CLEAN SLATE 11 D-DAY DATE MAY 1 9 6 3  EVENT: 

LOCATION "C" ARC - 
NUMBER 

I t 1 

295 



I 

000 I 10 .. 

4 
_I 

6 - 
I I I 

8 I 5 1 

D-DAY DATE 31 MAY 1963 

296 



EVEWT: CLEAN SLATE XI 

LOCATION "E" ARC 

31 MAY 1963 D-DAY DATE 

297 



EVENT: CLEAN SLATE I1 

LOCATION "F" ARC 

D-DAY DATE 3 1  MAY 1963 

I 

. 

298 



EVENT: CLEAN SLATE 11 

LOCATION "G" ARC 

STATION SAC- 3 
NUMBER 

D-DAY DATE 31 MAY 1963 

, 

37 2 8 8  
38 187 

STATION 
NUMBER 

70 I n t 

299 



EVENT: CLEAN SLATE I1 

LOCATION "H" ARC 

D-DAY DATE 31 MAY 1963 

STATION SAC- 3 
I N U M B E R  I C P M  I 

300 



EVENT:  CLEAN SLATE I1 

LOCATION "I" ARC 

STATION 
NUMBER NUMBER 

SAC-3 
CPM 

i I 
I 

31 MAY 1963 D-DAY DATE 

301 



EVENT: CLEAN SLATE I1 

LOCATION "J" ARC 

STATION SAC- 3 1 NUMBER 1 CPM I 
D-DAY DATE 31 MAY 1963 

I 

SO2 



EVENT: CLEAN SLATE 11 

LOCATION "K" ARC 

D-DAY DATE 31 MAY 1 9 6 3  

STATION SAC-3 
NUMBER 

I- - 
303 



EVENT:  CLEAN SLA 

LOCATION "L" ARC 

STATION 
NUMBER 

D-DAY DATE 31 

SAC- 3 
C P M  

MAY 1963 

STATION 
NUMBER 

SAC-3 
C P M  

I 

304 



EVENT: CLEAN SLATE I11 DATE 

LOCATION "B" GRID ARRAY 

1 STATION 1 S:;h3 1 
NUMBER 

6 

9 JUNE 1 9 6 3  D- DAY 

1105 
11 3964 

13 6611 
14 198 
1 c  

I EI-16 -1 B I - 2 0 b k  
I 

I 
302 

I 
RL-1 

305 



EVENT: CLEAN SLATE III D-DAY DATE 

LOCATION G R I D  P.RRAY ( c o n t . )  U B  I D  

4 4 3 4  
5 6 2 4  . 

: 1 a 7 n  
6 1082 . 

STATION SAC-3 
NUMBER 

9 JUNE 

306 



EVENT: CLEAN SLATE 111 DATE 9 %TUNE 1 9 6 3  D- DAY 

LOCATION "C" GRID ARRAY 

NUMBER 

I 
CU-1 - 171 bkg. 

I ! 3 _ _  CG-5 ._  

15 14 

CK-2 

13 2 3  
1 4  31 
1 5  

STATION SAC-3  
NUMBER 

307 



EVENT: CLEAN SLATE III 

UX3ATION "B" ARC 

. . 

9 JUNE 1963 D-DAY DATE 

STATION SAC- 3 
NUMBER 

I I 
I 

1 I 

t I 
I 1 

308 



EVENT: CLEAN SLATE 111 

LOCATION "c" ARC 

STATION 
NUMBER I SAC-3 

CPM 

DATE 9 JUNE 1 9 6 3  D-DAY 

STATION 
NUMBER 

309 



DATE 9 JUNE 1963  D-DAY EVENT CLEAN SLATE I11 

LOCATION "D" ARC 

STATION SAC-3 
NUMBER I CPM 

I I 

L I 

I I 

3 10 



1 

STATION 
NUMBER 

EVENT: CLEAN SLATE I11 D-DAY DATE 9 JUNE 1 9 6 3  

LOCATION 'E" ARC 

SAC- 3 
C P M  

STATION 
NUMBER 

SAC-3 
C P M  

311 



EVENT: CLEAN SLATE I11 

LOCATION "F" ARC 

D-DAY DATE 9 JUNE 1 9 6 3  

STATION SAC- 3 I NUMBER 1 C P M  I I STATION 1 S A L 3 1  
I NUMBER I C P M  1 

24 I 3 
25 1 

i 

312 



. 

38 
3 9  
40 
45 
En 

E V E N T  CLEAN SLATE 111 

LOCATION "G" ARC 

NUMBER 

i o n ?  
a 4 4  
4 8 6  
4 3 6  
I C C  

DA-TE 9 JLPlE 1 9 6 3  D-DAY 

STATION SAC - 3 
NUMBER 

000 I 4 
n c  c r T 

~ 

I I 

313 



EVENT:  CLEAN SLATE I11 >DAY DATE 9 JUNE 1963 

LOCATION "11" ARC 

STATION SAC- 3 1 NUMBER I C P M  1 STATION SAC- 3 
NUMBER 

I nc. c .I 000 I 16 

314 



D-DAY DATE 9 JUNE 1963 

STATION SAC - 3 
NUMBER 

315 



EVENT: CLEAN SLATE I11 DDAY DATE 9 JUNE 1 9 6 3  

LOCATION "J" ARC 

STATION SAC- 3 
NUMBER 

I I I 

I I 
I 



EVENT: CLEAN SLATE I11 

LOCATION " K "  ARC 

D-DAY DATE 9 June 1 9 6 3  

STATION 
NUMBER 

317 



EVENT: CLEAN SLATE 111 DATE 9 JUNE 1963 

LOCATION "L" ARC 

STATION SAC- 3 
NUMBER 

. 

. 
I 

318 



REFERENCES 

I 

t 

1. W. Johnson and H. Jordan; “ R e p o r t  o f  F a l l o u t  

S t u d y  of J a n u a r y  1956 ,  56 P r o j e c t  NTS“; LAMS-2033, 1956;  

LOS Alamos S c e i n t i f i c  L a b o r a t o r y ,  Los A l a m o s ,  N e w  Mexico; 

S e c r e t  Restricted Data. 

2 .  R. E. B u t l e r  and H. M. Miller; ”Surface Alpha  

M o n i t o r i n g  as a Method of Measuring P l u t o n i u m  F a l l o u t ” ;  

WT-1513; J a n u a r y  31, 1962.  

3 .  H e a l t h  P h y s i c s ;  December 1962;  V o l .  8 ,  E!o. 6;  

p a g e s  561-780; Pergamon P r e s s ,  N e w  York; U n c l a s s i f i e d .  

4 .  R. Beard; “Report on P l u t o n i u m  Gamma P r o b e ,  

PG-1”; November 8 ,  1960;  E b e r l i n e  I n s t r u m e n t  Corpora- 

t i o n ,  S a n t a  Fe ,  N e w  Mexico; U n c l a s s i f i e d .  

5 .  F. Wilcox and L. Drown; personal communica t ions  

(1962/1963) .  

6. H. E b e r l i n e ;  personal communica t ion  ( 1 9 6 2 ) .  

7. William S. Johnson, Sr.; “Soil Deposition”; Project 2.1, 

Operation Roller Coaster, POR-2501; Eberline Instrument Corporation, 

Santa Fe, New Mexico; Official Use Ody. 

319-320 



1 
1 
2 
3 
2 
1 
2 
1 
3 
1 
3 

1 
I 
1 
I 
1 
1 
1 
2 
1 
1 
I 
1 
1 

I 
1 
I 
1 
1 
1 
I 
1 
1 
I 
I 
1 
5 
I 
I 
2 
I 

20 30 

I 
1 
1 
1 
3 

DISTRIBUTION 

ARMY A C T I V I I I E S  

C H I E F  OF RCSEARCH L D C Y .  D I A  A T I N  A T O M l C  D I V .  
I S S l a C H I E F  OF S T I F F  FOR FORCE OEV. 
C H I E F  O F  E N G I N E E R S  D I A  A l I N  ENGHCEM 
THE SURGLDN GENERAL U I A  
COYD. GEN. U S  ARMY C O M B l i l  UEV. 
<QUO. O F F I C E R  U S  ARMY CDC NUCLEAN GR. 
COMD. O F F I C E R s U S  ARM" NUC.GEF.LAB.& l lN  J.C.MALDNEY 
C H I E F s U S  A R M Y  NUC.YEAPONS SYSTEMS S A F E T Y  GR. 

C D ~ O . O F F I C E R ~ P l C l l N N I  APSENAL 
COMD.GEN. US C O N T I N E N T A L  A R K 7  C O W .  

CDYD.GEN. us A R M Y  MATERIEL c m o .  

R A V V  A C T I V I T I E S  

COMMANOANT HDO. U S  M A R I N E  CORPS 
C D H O . - I N - C ~ I E F ~ I l L A N l l C  
C O ~ O . - I N - C ~ l E F . P A C I F I C . C I O  F L E E T  P.D. 
COMO.- IN-CHIEFIUS N A V A L  FORCES.EUROPE 

A I R  FORCE A C T I V I T I E I  

HOO.BUS A I R  FORCC A l l N  RFRNEA 
HOLI. IVS A I R  FORCE A l l N  A F I I S  
nDu..US A I R  FORCE A l l N  A F 5 5 5 A E  
HDO.IUS & I R  FORCE A l T h  h F R S 1 A  
HDO..US A I R  FORCE A l l h  AFMSPA 
COMD. A I R  FORCE S V S l E M S  COHO. b l l N  S C G B  
COHO. E O L L I N G  A I R  FORCE H P 5 E  L l l N  R l N Y  
HDO. A I R  DEFENSE E N 1  AFP 

C O M D . T I C l I C A L  A I R  COHD. 
A I W  FORCE UEAPDNS LAB. A l l N  YLL-3  
A I R  FORCE WEAPONS LAB.  & l l N  L l a C O L .  J.L.OICL Y L P  
A I R  FORCE WEAPONS LAB. A 1 l N  CUL. I .J .KUSSELL Y L R H  
CDMO.OGDEhl A I H  H A l E R I E L  & R E A  
COHD.SkN A N T O N I O  A I R  M A T E R I E L  8 R E A  

D I M E R  D E P A R l M E N l  O F  O E F E N S t  A C l l V l l l E S  

1 
40 

I 

1 
1 
2 
I 
I 
I 
I 
1 
1 
1 
2 
2 
2 
2 
2 
1 
2 
2 
2 
I 
1 
I 
1 

5 
5 
2 
2 
5 
5 
5 
I 
1 
I 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
2 
5 
5 
1 

30 

C H I E F . I E A P O N S  T E S l  DIV.  S A N D l A  A l l N  U l I l - 1  
D E F E N S E  D O C U M E N T A T I O N  C E N T L R  
CHAIRMAN.ARME0 FORCES E X P L O S I V E S  S 4 F E l Y  BOARD 

POR C I V I L I A N  D l S l R  C A l .  

CDL.SCHUOL OF M I N E S  RES.FOUNO.L l1N UX.F.L.SMllH 

H A L E L T O N  NUCLEAR S C I E N C E  CDRP A l l N  MR.H.E.HENIER 
T R A C E R L A B  INC. A T T N  M R . I . L . B A I E l l I  
T R A C E R L A B  INC.  A l l N  M R . Y I L L I A M  MAJOR 
T R A C E R L A 0  INC.  A T l N  HR.CHARLES 0 .  WNN 
E 0 E R L l H E  INSTRUMENT CORP A T T N  M R - R D B E R l  G A L L I G H E R  
E B E R L I N E  I N S T R U M E N T  CORP A T l N  MR.WM.S.JOHNSON.SR. 
E B E R L I N E  I N S T R U M E N 1  CORP A T l N  MR.JACK C - B E N T L E Y  
E B E R L I N E  I l l S l R U W E N l  CDRP A l l N  Mh.EI I IC  G E I G E R  
L O Y L L A C E  F U U N O A T I O N  A l l N  U l r 5 A l '  h H I l E  
I S O T O P E S  INC.ITTN P H I L I P  W-KREY 
I S O T O P E S  I N C . A l T N  MR-REX D. SHERYOOG 
I S O T O P E S  I N C . A l T N  DR. JAMES P. F R I E N D  
I S O T O P E S  1 N C . A l T N  MR.RLLPH E. F R I E D  
H h N F D R D  A T O M I C  P R D D . O P E R I 1 I D N  A T T h  DR. I * .J .BLIR 
U S  P U B L I C  H E A L T H  S E R V I C E  A l l N  HK.JOHN COOGAN 
U N I V .  O F  R O C H E S l E R  AEP A l l N  PROF.ROBEYT I I . U l L S O h  
U S  WEATHER B U R E L U  USAEC L l T N  R.Y.TI1US 
GEN.OIN.CORP.NUC.DtSIGh L 0 P E R . D I V . A l T N  W.l.DEICE 
GEN.OIN.CORP.NRL0.NIR F A C I L I T Y  A T l N  OR.*.H.GOOPDLD 
GEN.OIN.CORP.hRGnrhlR F A C l L l l l  A l l N  MR.ROI H F h R Y  
SANTA EARBAWA LAB. E G ( 1 . A l l N  0R.J.C.COUCHPAh 

coL.scnooL OF MINES RES.FOUNO.AI~N W.J.L.PERRI 

A T O M I C  ENERGY C O M M I S S I O N  A C T I V I T I E S  

0 I R . O F  M I L l l r ( R I  A P P L I C L T I O h  USI IEC 
USAEC A l l N  D I Y a O F  O P E R A T I O N A L  S A F t l Y  
USAEC A l l N  3 1 V .  OF BIOLOGY LND M E D I C I N E  
USAEC & l l N  01". OF R l O l A l l O N  P I I D T E C I I O N  S l A 1 S L R 3 5  
USAEC.NEVADA O P E K A T I O N S  O F F I C E  
USAEC SAN F R A N C I S C O  O P E R A T I O N S  O F F I C E  
USAEC ALBUOUEROUE 
USAEC A L B U ~ U E R O U F . A l l ~ . F . R . n L 1 H E V S ~ D l ~ . D P ~ ~ . ~ A F f l ~  
A S S l . 1 0  THE SEC.OF D F F r N S l  A T O M I C  ENEHGY 
C H I C A G O  O P E R P l l O N S  0 F F I C E . P I V . H E A L l H  L S A F E 1 7  
H E A L T H  AND S A F E l l  L I B . I 8 S L E C . L l l h  CR.J.H.*APLII 
I N O U S T R I A L  H Y G I E N E  L S A F E T Y  ANL A l l N  0 H . J . S E D L E l  
GE CO.HANFOR0 A l O M I C  P R O I I . A l l N  OH.J .H.HIELSEh 
R L O l O A C l l Y l l I  S E C T I O N  N B 5  n l T N  I .A .CUKI . I t  
PRES.SANDIA CORP 
PRES.SANDIA C O R P . b l 1 N  DW.JlD.5HREVE.5&l4 
P R E S . S A N D I I  C O R P a A T T N  D R . B . F . M U R P H t Y . 5 * l t  
PRES.SANDIA CORP.bT1N M R . H . h . C b W R C H + 5 b l 4  

P P E S . S A N O I I  C O R P . P l 1 N  NP.L .C.GIYNES,3415 
S I l N O l l i  CORP.LIYEHHOHE 
DIW.LAYRtNCE R A O I b l I O N  L". 
D I R . L O S  A L I H O S  S C I E N T I F I C  Lh8 .  
DIH.LOS ALAMOS S C l t N l I F I I  L L * . I l l N  3 d . M . F . " I L L l L l h  
0IV.OF TECH. I N F O R P A T I O N  E X l E h l l O > l  

PRES.SANDIA CORP.ATTN n P . 1 . ~ .  C D O K . ~ W O  


	- - - - - - - - - - - - - - - - - - - - - - -
	- -- - - -- -- -- --- -- - - - - - --
	Eberline Model PAC-3G portable gas proportional alpha counter - - - - - -
	Eberline Model PAC-1S with Model PG-1 plutonium gamma probe - - - - -
	Instrument maintenance facilities - - - - - - - - -- - -- - - - - - - - - - - - - --
	2.4 Primary PuZ3™ extended area sources - - - - - - -- - - - - - - - - - - - - - - - -
	__ __ - - __ - - - - - - - - - - - - - - __
	2.6 Secondary PuZ3™ calibration sources - -- - - -- - - - - - - - - - - - - - - - - --
	2.7 Field survey data fom __________________________ ________
	Survey team checking PG-1 background - - - - - - - - - - - - - - - - - - - - - - -
	designation __ - - - ______ - - __ __ __ __ __ - ___ __ ___ _____ - -
	- -- - - - - - - - - - - -- - - -- - - - -
	example-----------------------------------------
	__ - - - - - - __ - __ -_ - - - - - - -- _- _- - _- - -_ - -
	- - - - - - - - - - - - - - -
	- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

	- - - - - - - - - -
	2.16 PAC-3G survey of pad cluster Double Tracks (alpha cpm/60 Cm2) - - - -
	alpha cpm/cm2 __ __ ____ __ - - - - - - - - __ ___ - _- -- - - - -- -
	cm2 __________-----_____------------------
	-_ - - - - - - - - __ - - __ - - - - - - - - - - - - - - --

	2.20 PAC-3G alpha suAvey of CS I1 pad cluster CP05 (cpm/60 cmZ) - - - - - -
	2.21 PAC-3G alpha survey of CS 111 pad cluster CP05 (cpm/60 cm2) - - - - - -
	2.22 PAC-3G alpha survey of CS III pad cluster CP06 (cpm/60 cm2) - - - - - -
	- - - -- - - - - - - - - - - - - - - - - --
	__ - - __ - - __ __ - - - - - - - - - - - - - - - -

	Alpha survey contour CS
	2.26 Alpha survey contour Cs - - - __ __ ____ -_ -- _- -_ _--_- _- __-
	Arc B profile plot alpha survey CS 11 D-day - - - - - - - - - - - - - - - - -
	Close-in alpha survey Double Tracks - - - - - - - - - - - - - - - - - - - - - - -
	- - - - - - - - - - - - - - - - - - - - - - - - - - - -
	generator installation - - - - - - c - - - - - - - - - - - - - - - - - - - - - - - - -
	source - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
	-- - - -- - - -- __ -- -- ---_ -- --_ - __--
	--_ -- - --- -- ---- -___ ---- - ___ --

	-- - - -- -- -_-- ---- - - -- - - - ___--
	- - - - - - - - - - - -
	- - - - - - - - - - - - - - - - - - -

	Vehicle-mounted gamma scanner plot CS II - - - - - - - - - - - - - - - - - - -
	Vehicle-mounted gamma scanner plot CS III- - - - - - - - - - - - - - - - - - -
	- - - - - - - - -
	Vehicle-mounted gamma scanner concentric survey CS I11 - - - - - - - - -

	Eberline Model SAC-3 scintillation alpha counter- - - - - - - - - - - - - - - - -
	Filter disc survey comparison CS I alpha survey - - - - - - - - - - - - - - -
	- - - - - - - - -- - - - - - - - - - - __ - - __ - -
	- - - - - - - - - - - - - - - -
	nI

	- - - - - - - - - - - - - - - - - - -
	I f I READING MEAN
	PACJG READINGS (CPM)

	NUMBER
	I I I RE MEAN
	PAC-3C READINGS (CPM)
	7<11-
	RO

	STATION PAC-3G READlNGS (CPM)
	NUMBER
	L I I !
	SAC -



