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RADIOCHEMICAL COLLECTED ON EVENTS FROM WHICH RADIOACTIVITY 

BEYOND THE BORDERS OF NJEVADA TEST RANGE COMPLEX 

ABSTRACT 

nuclear events i n  Nevada t h a t  are known to 
have sen t  r t range complex. There 

seeped or vented to the  

engine tests. The 

from which it was derived (except where the data c l a s s i f i ed )  . The computer 

programs used for organizing and 
radionuclide production are ’ descr ded, together w i t h  t he  input  

and output  data and detai ls  of the calculat ions.  
needed to make computer 
events. (Classif ied data ; excavation, and sa fe ty  events 

and the  plutonium and uranium dispers ion tests are published i n  a separate 

classified supplement to t h i s  report.) 

base and ca lcu la t ing  

s is the basic information 
of t h e  f a l l o u t  from any of these 177 

INTRODUCTION 

Radioact ivi ty  has  been de f the Nevada test 

i t y  were produced by 
atmospheric events 
s of Nevada and 

ionuclides produced i n  
d the  borders of 

is report presents  

a l l  of t h i s  source term data w i t h  the  exception of ce r t a in  classified 
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information, described below, which w i l l  be published separa te ly  i n  classified 

form. 
N o t  a l l  of the  Nevada events  t h a t  released rad ioac t iv i ty  beyond the 

borders of the  test range complex were nuclear explosions. Some were events  
that  dispersed rad ioac t iv i ty  i n  other  ways--for example, nuclear rocket engine 

tests. The nuclear detonation events  included here represent  only about  
one-fourth of  the publ ic ly  announced U.S. nuclear tests i n  Nevada. 

I n  h i s  testimony before a Congressional Subcommittee, G a t e s ’  stated 

t h a t  rad ia t ion  from 98 aboveground events  and 4 1  subsurface events  was 

detected outs ide  the  boundaries of the test range complex. (Since then there 
has been one addi t iona l  case of seepage from a subsurface nuclear event i n  

Nevada.) 
data and the mathematics required to ca lcu la t e  c u r i e s  released. The two types 

of groupings are shown below along with the nuclear engine tests. 

1 

I have chosen to group these tests according to the kind of input  

Aboveground Explosions (97) 

0 Nuclear explosions i n  the atmosphere (80).  

0 Safety-related events  (14) .  

0 Events i n  which plutonium and/or uranium were dispersed i n  
atmosphere by a conventional chemical explosion ( 3 ) .  

Subsurface Explosions (43) 

0 Nuclear excavation experiments (10). 

.he 

0 Underground nuclear explosions t h a t  unintent ional ly  vented to the 
atmosphere (33) .  

Engine T e s t s  (37) 

0 Nuclear r o c k e t  engine tests (31). 

0 Nuclear ramjet engine tests ( 6 ) .  

For these var ious events,  analyses were made to determine radionuclides 

produced from the s t ructural  materials, from f i s s ion ,  and from uranium and 
plutonium. A l l  data reported are i n  the appendices described below. The data 

for  the f irst  four types of events  l isted above are classified and are 
published i n  a separate c l a s s i f i e d  supplement. 
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The FRAMIS co de3-’ was used to handle the la rge  amount of 

data. Ins t ruc t ions  i n  the  form of executable f i l e s  were wr i t ten  i n  the  
e n t  FRAMIS commkd language to  organize the input data, to ca lcu la te  

to p r i n t  ou t  summary tables, input data tables, 
t i n g s  of these ins t ruc t ions  are given i n  the 

appendices, are organized as follows: 

Unclassified Appendices -(Published as P a r t  of t h i s  Volume) 

Appendix I. Executable FRAMIS f i l e s  for  atmospheric, excavation, and 

detonation events,  and input card images for summary 

Appendix 11. Executable FRAMIS f i l e s  for  plutonium and/or uranium 
dispers ion experiments. 

d ix  111. Executabl f i l e s  for  under und detonations t h a t  
seeped or vented to the atmosphere: input  card images, summary table, output 

Appendix IV. Executable FRAMIS f i l e s  for  nuclear r o c k e t  engine tests: 

t card images, summary table, .output table, and d e t a i l s  of calculat ions.  

data for plutonium and/or 



Appendix I ) ,  f i s s i o n  y ie ld ,  atom per f i s s i o n  of neutron-induced nuclides a t  

zero t i m e ,  preshot heavy-element composition, and f r ac t ion  of f i s s i o n s  
occurring i n  each f i ss ionable  nuclide (see Appendix VI). The f i s s i o n  products 

are t r ea t ed  as i f  there  were no f r ac t iona t ion  because t h i s  compilation is a 
source term. Therefore, i n  the output data t ab le  only t h e  f i s s i o n  y i e ld  is 

given. We may ca lcu la te  the  curies of f i s s i o n  products a t  H + 1 2  hours (a 
standard reference time) from the r e l a t ionsh ip  3.03 x 10 

ki loton.6 The induced a c t i v i t i e s  and the  heavy elements are reported as 
curies a t  zero time. 

7 curies per 

The computer d i rec tory  ATMOSPHER contains  the f i l e s  per ta ining to 
atmospheric, excavation, and safety-related nuclear detonation events. Table 1 

gives  f i l e  names and contents.  

TABLE 1. Files i n  computer d i rec tory  ATMOSPHER per ta ining t o  atmospheric and 
excavation nuclear detonation events. 

F i l e  name Contents Appendix 
~ ~~ ~~ ~ ~ 

ATSHOTIN Summary (name, date ,  etc.) I 

ATSHDTINl,. . , ATSHDTINS Input  data V I  

ATMSHOTS Executable f i l e  for  organizing da ta  and I 

ATMPRINT1,. . . , ATMPRINT3 Executable f i l e s  for  making p r i n t  f i l e s :  I 

ca lcu la t ing  cu r i e s  

1 f o r  summary tab le ,  2 for i n p u t  data ,  
3 fo r  o u t p u t  data  

FALLOUT Computer output f i l e ,  a l l  t ab l e s  V I  

NTSFALLOUT FRAMIS f i l e  (not l isted) -- 

To p r i n t  o u t  data from a l l  events,  c a l l  o u t  t he  FALLOUT f i l e  under access 
l e v e l  5, and output it to the  high-speed p r in t e r  as follows: 

ALLOUT HSP FALLOUT COLl. BOX NUMBER I D  

To manipulate the  data base, c a l l  fo r  t h e  f i l e s  ATMSHOTS, ATSHOTIN, 

ATSEXITIN1 through ATSHOTINS, and NTSFALLOUT. Under the FRAMIS system, open 
NTSFALLOUT and execute ATMSHOTS. Input and summary data  are i n  table 

ATSHOTDATA, and the output data a r e  i n  t ab le  CURIESATM. A l l  d a t a  may now be 

processed. 
4 



If an ac t iva t ion  product was measured i n  one event and not i n  another, 
the amount i n  the unmeasured event was estimated i f  the devices and placements 
were s i m i l a r .  The a m u n t  of 242Cm was estimated from systematics of nuclear 

detonations. Estimates are shown as negative numbers (see Appendix V I ) .  

PLUTONIUM AND/OR URANIUM DISPERSION TESTS 

The dispers ion of plutonium and/or uranium by conventional high 

explosives was studied i n  Operation Roller Coaster. Those events from which 
r ad ioac t iv i ty  was detected beyond the borders of t h e  test range complex-- 

Double Tracks,  Clean Slate I, and Clean S l a t e  11-were conducted to determine 
the dispers ion pa t t e rn  and the degree of animal uptake of these heavy elements. 

Input data are operation name, event name, date, time, and curies of 
uranium and plutonium involved. The data are classified SRD (see Appendix 
V I I ) .  The output table is the  same as the  input data. 

The computer d i rec tory  ATMOSPEER contains the f i l es  per ta ining to 
Operation Roller Coaster. Table 2 gives f i l e  names and contents. 

TABLE 2. Files i n  computer d i rec tory  ATMOSPHER per ta in ing  to Operation 

Roller Coaster . 

ROLId2RC organizing data 
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UNDERGROUND NUCLEAR DETONATIa EVENTS THAT SEEPED 

OR VENTED TO THE ATMOSPHERE ' 

There have been many nuclear explosions conducted underground i n  Nevada, 
1 and some of them have seeped or vented r ad ioac t iv i ty  to the  atmosphere. 

Only those events which have resulted i n  the  detection of r ad ioac t iv i ty  

beyond the borders of the test range complex are included i n  this compilation. 
The input  data are operation name, event name, sponsor, placement, 

category, date, time, and c u r i e s  released (measured a f t e r  12  hours' decay). 

The category relates to the time of the i n i t i a l  re lease  and its duration; 

thus the category determines the  cloud composition. The ca tegor ies  are defined 
i n  the suxmnary table i n  Appendix 111. 

2 

The output data are cu r i e s  (measured after 1 2  hours '  decay) of 28 f i s s i o n  
products. The pe r t inen t  values for each nuclide and each vent category are 
listed i n  Appendix 111. 

The computer directory VENT contains  the f i les  per ta in ing  to the vented 

shots (see Appendix 111). Table 3 gives  f i l e  names and contents.  

TABLE 3. Files i n  computer d i r ec to ry  VENT. 

F i l e  Contents 

VESBOTIN 

VENTSHOTS 

VEPRINTl 

VEPRINTZ 

VENTDATA 

NTSRECEASE 

Input  data 
Executable f i l e  for organizing data  and ca lcu la t ing  curies 
Executable f i les  fo r  making p r i n t  files: 1 for i n p u t  

da ta ,  2 for output t ab le  

Computer output f i les  for a l l  da ta  
M I S  f i l e  (not listed) 

To p r i n t  o u t  data for a l l  events,  cal l  out  the  VENTDATA f i l e  and output 

it to the high-speed p r in t e r  as follows: 

AUCWT HSP VENTDATA COLl. BOX NUMBER I D  

To manipulate the data base, c a l l  o u t  t h e  f i les  NTSRELEASE, VESHOTIN, and 
VENTSHOTS. Under the FRAMIS system, open NTSRELEASE and execute VENTSHOTS. A l l  

data are i n  table VESBOTDATA and may now be processed. 
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NUCLEAR ROCKET'ENGINE TESTS 

During the t e s t i n g  of nuclear r o c k e t  engines, 31 runs were made from 

which r ad ioac t iv i ty  was detected beyond the borders of the test range complex. 
There was only one run, Phoebus 1 B  (Feb 23, 1967), i n  which the cloud 
composition w a s  well  measured. Thus a number of assumptions were made i n  the 

estimation of the debris composition (see Appendix IV). 
The input  data are engine name, test data,  power l e v e l  (megawatt-seconds), 

and total  c u r i e s  released (measured after 12  hours' decay) of 34 f i s s i o n  

products . 
computer directory,ROVER contains the files pertaining to the nuclear 

r o c k e t  engine runs (see Appendix IV). Table 4 gives the  f i l e  names and 
contents.  

TABLE 4. Files i n  computer d i rec tory  ROVER. 

F i l e  

ROCKETIN I n p t t  d a t a ,  
ROCKETESTS Executable f i l e  f organizing data and ca lcu la t ing  curies 
ROCKPRINT1 Executable f i les for making p r i n t  files: 1 for input  
ROCKPRINT2 data ,  2 for o u t p u t  t ab l e  
ROVERDATA tptt f i le  for a l l  da ta  

QSRELEAsE M I S  f i l e  (not listed) 

RUOUT HSP 

TS. Under the ystem, open NTS E and execute ROCKETESTS. 



NUCLEAR RAMJET ENGINE TESTS 

During the  t e s t ing  of nuclear ramjet engines, seven runs were made, a l l  
of which placed rad ioac t iv i ty  beyond the borders of the test  range complex, 
The f i s s i o n  products i n  the debris cloud were not  f ract ionated:  therefore, 
only the total  number of f i s s i o n s  and c u r i e s  released (measured after 1 2  

hours' decay) are reported. 
The input  data are engine name, date, number of f i s s i o n s  released, and 

number of c u r i e s  released. The output  data are the same. 
The computer d i rec tory  TORY contains  the f i les  per ta in ing  to the nuclear 

ramjet engine runs (see Appendix V). Table 5 gives  f i le  names and contents.  

TABLE 5. Files i n  computer directory TORY. 

Files Con t e n t s  

RAMJETIN 

RAMmmTs 

RAMPRINT 

TCRYDATA 

Input data 

Executable f i l e  for organizing data 

Executable f i l e  for making p r i n t  f i l e  

Computer output  f i l e  

To p r i n t  o u t  data, call  o u t  the f i le  TORYDATA and output  it to the 

high-speed p r i n t e r  as follows: 

ALLOUT HSP TORYDATA COLI. BOX NUMBER I D  

Acknowledgment 
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APPENDIX I 

ATMOSPHERIC, EXCAVATION, SAFETY-RELATED NUCLEAR D-TION EVENTS 

S files for the atmospheric, 
clear detonation events included i n  t h i s  

compilation, the input  card images for t h e  summary table, and the  summary 
table .  Input card images for the other data for these events, together with 
the input  an8 output data tables, are ava i lab le  in the campanion classified 
publ icat ion,  XRL-52934 Supplement ( 1 9 8 0 ) ( t i t l e  U, report 

Executable FRAMIS Files 

/ *  NTSFALLUUT, ATMOSPHERIC SHOTS, ATMSHUTS * /  
/ *  DEFINE TABLES * /  
DEF TAB ATSHUT UPNAME CHAR 15, NUM INT,SHUTNAME CHAR 20,SPbNSUR CHAR 8, 
PLACEMENT CHAR 16, DATE I N t ,  GCTIME INT; 
DEF TAB ATSHUTl NUM lNT,YIELD REAL KGOY REAL,KGPU REAL,KGTU REAL.KQ233 REAL, 
OM241 
DEF TAB ATSHOT2 NUM I NT , NA24 REAL, MN54' REAL, FE55 REAL, FE59 REAL, C057 REAL, 
CO58 REAL- 
DEF TAB AfSHUT3 NUN INT,CCJ 
W187 REAL; 
DEF TAB ATSHOT4 NUM INT,Wl 

bEF TAB ATSHUT5 NUN I NT, NP239 REAL, AM241 REAL, CM242 REAL; 

REAL,A REAL,B REAL,C REAL,D kEAL BE7 REAL, 

U240 REAL; 

/ *  INPUT DATA * /  

11 



CURIESC=CURIESB PROJ NUN U235; 
CURIESC=CURIESC RENAME U235 TO U234; 
CURIESH=CURIESB JOIN CURIESC ON NUM; 
MAKE U233 I N  CURIESH BE (9.638*U233-0.5296*D*YlELD) 
MAKE U234 I N  CURIESH BE (O.O6763*U234); 
MAKE U235 I N  CURIESH BE (2.020E-3*U235-1.197E-4*A*Y 
MAKE U238 I N  CURIESH BE (3.364E-4*U238-1.877E-5*C*Y 
MAKE PU I N  CURIESH BE (73.814*PU-4.101*B*YlELD);  
MAKE PU241 I N  CURIESH BE (100.9*PU241); 
CURIESATM=(CURIESH PROJ U233 U234 U235 U238 PU PU24 

1% DELETE UBSOLETE TABLES */ 

I 

I ELD) 
I ELD) 

1 NUM 

J 

J 

11 1 1  N JO CURIESA BN NUM; 

DEL TAB TEMP1 TEMP2 TEMP3 TEMP4 TEMP5 ATSHOTl ATSHOT2 ATSHOT3 ATSHOT4 ATSHBTS; 
DEL TAB CURIESA CURIESB CURIESC CURIESH; 

/ X  PRINT SHOT SUMMARY, ATMOSPHERIC SHUTS, ATMPRlNTl */  
DEL TAB PES 
DEF TAB PEJ CUL1 CHAR 1 ; 
ADDATA PE <" 1 'I> a 

DEF TAB ATMSHOTl COLl CHAR 100; 
A!DATA Al'MSHOT1 
< ATMOSPHERIC EVENTS I N  

DEL TAB ATMSHOT~; 

II S I ,  
NEVADA 1951 - 1953 

0. HICKS, LLNL 
1980 

'I > 
I' > 
@' > 

- r  
< '* 
< " < 10 84 > . 
DEL TAB ATMSHOTP; 
DEF TAB ATMSHOT2 COLl CHAR 100; 
ADDATA ATMSHOT2 
< ATMOSPHERIC EVENTS I N  
& *I I, , 

COMPILED B Y  HARRY 
NUVEMBER 

NEVADA 1955 - 1957 

Q ,  HICKS, LLNL 
1980 

" > 
'I > 
" > 

- c  

< I' 
< " 
DEL TAB ATMSHOT3; 
DEF TAB ATMSHUTJ CBLl CHAR 100; 
ADDATA ATMSHOTS 
< ATMOSPHERIC EVENTS I N  

< I* 10 , 
CUMPILED BY HARRY 

NOVEMBER 

NEVADA 1958 - 1968 

0. HICKS, LLNL 
1980 

" > 
*' > 
" > 

COMP 1 LED BY HARRY 
NOVEMBER 

DEL TAB LEGEND; 
DEF TAB LEQEND CULl CHAR 100; 
ADDbTA LEQEND 
< >  

I' * EXCAVAT I ON EVENT" > 
< " * SAFETY EVENT" > ; 
DEL TAB ATSHUTA; 
ATSHCJTA=LAST 7 4  OF ATSHOT; 
UUTPUT ATMSHOTl TU HSP. 
PRINT FIRST 30 OF ATSHCIT COL NUM OPNAME SHOTNAME SPONSOR PLACEMENT DATE 
QCTIME TO HSP; 
6UTPUT LEQEND TO HSP; 
UUTPUT PE TO HSP- 
6UTPUT ATMSHOT2 t0 HSP* 
PRINT FI RST 44 OF ATSH~TA WL NUM OPNAME SHOTNAME SPONSOR PLACEMENT DATE 
QCTIME TO HSP; 
OUTPUT LEQEND TO HSP; 
6UTPUT PE TO HSP. 
OUTPUT ATMSHUT3 f a  HSP. 
PRINT LAST 30 UF A T S H O ~  COL NUM OPNAME SHOTNAME SPUNSOR PLACEMENT DATE 
QCTIME TO HSP; 
UUTPUT LEQEND TO HSP; 
UUTPUT PE TU HSP; 

1% PRINT INPUT DATA, ATMOSPHERIC SHOTS. ATMPRlNT2 * /  
DEL TAB PE* 
DEF TAB PE'COLI CHAR 1; 
ADDATA PE <"1">; 
DEL TAB ATDATA. 
DEF TAB ATDATA'COLI CHAR 100; 
ADDATA ATDATA _ _  
< " ATMOSPHERIC EVENTS: FISSION YIELD PRESHOT COMPOSITION AND '* > 
< " ATUMS O F  INDUCED ACTlVLTlES PEk F ISSIeN AT ZERO TIME " > < " " > 

COMPILED BY HARRY G. HICKS, LLNL 
NOVEMBER 1980 

" > 
" > 

DEL TAB LEGEND- 
DEF TAB LEGEND' c m i  CHAR 100; 
ADDATA LEOEND 
< " " 7 
< " * EXCAVAT I ON EVENT" > 

12 



< " * * SAFETY EVENT" > 
<::FOR PUSTSHUT NUMBERS UNLY - POSITIVE NUMBERS ARE MEASUREMENTS, NEQATIVE"> 
< NUMBERS ARE ESTlMATES 0.0 DENUTES A NUCLIDE ABSENT FROM THAT EVENT OR9'> 

<"MEASUREMENTS ARE PRECISE TU 1 0  PERCENT, ESTIMATES, TU A FACTOR UF THREE">; 
DEL TAB ATSHUTDATB. 
ATS = AST 74% XISHIBmATA;- 

KQTU KG233 TU HSP- 
UUTPUT LEQEND TO kSP; 
UUTPUT PE TU HSP; 
OUTPUT ATDATA TU HSP. 
PRl NT F I  RST 44 UF ATSHUTDATB CUL NUM SHUTNAME SPUNSUR DATE Y I ELD KQUY KGPU 
KGTU KO233 TU SP 
UUTPUT LEQEND ASP; 
UUTPUf PE Tb HSP; 
OUTPUT ATDATA TU HSP; 
PRINT LAST SO UF ATSHUTDATA CUL NUM SHUTNAME SPONSOR DATE YIELD KOUY KGPU 
KQTU KQ233 TU HSP; 
UUTPUT LEQEND TU HSP; 
UUTPUT PE TIS HSP; 
UUTPUT ATDATA TU HSP' 
PRINT FIRST 30 UF ATQHUTDATA c 
UUTPUT LEGEND TU HSP; 
OUTPUT PE TU HSP; 
UUTPUT ATDATA TU HSP. 
PRlNT FIRST 44 OF ATSHUTDATB CUL NUM QM241 A B C D BE7 NA24 MN54 TU HSP; 
UUTPUT LEGEND TU HSP; 
UUTPUT PE TU HSP; 
UUTPUT ATDATA TU HSP; 
PRlNT LAST SO UF ATSHaTDATA CUL NUM GM241 A B C D BE7 NA24 MN54 TU HSP; 
UUTPUT LEQEND TU HSP; 
UUTPUT PE TIS HSP; 
UUTPUT ATDATA TU HSP* 

TO HSP; 
OUTPUT LEQEND TU HSP; 

OUTPUT ATDATA TO HSP- 
PRINT FIRST 4 4  OF AThUTDATB CUL NUM FE55 FE59 COS7 CU58 CU60 CU64 CU67 W 1 8 l  

c " THE AMUUNT CANNOT BE ~STIMATED*~> 

NUM SHUTNAME SPUNSUR DATE YIELD KGUY KQPU 

NUM QM241 A B C D BE7 NA24 MN54 TU HSP; 

PRINT FIRST 30 OF ATSHUTDATA COL F(UM PE55 FE59 C 0 5 7  CUSS CU60 CU64 CU67 WlSl 

. OUTPUT PE TIS HSP; 

TU- SP. 
~ U T J  tEOEND To HSP; 
CIUTPUT PE TU HSP; 
UUTPUT ATDATA TU YSP. 
PRINT LAST 30 OF ATSkUTDATA COIL NUM FE55 FESS CU57 CU58 C660 CU64 CU67 W18 
TU HSP; 
OUTPUT LEGEND TU HSP; 
UUTPUT PE TU HSP; 
UU PUT ATDATA TU HSP' 
PRINT FIRS 
U240 TU HSJ 
OUTPUT LEGE~D TU HSP; 
OUTPUT PE TU HSP; 
UUTPUT ATDATA TU HSP. 
PRINT FIRST 4 4  OF ATSHUTDATB CQL NUM w i  

30 OF ATSHUTDATA CUL NUM W185 W187 W188 AU198 AUlQS PB203 U237 

188 AU198 AU199 PB203 U237 

ADDATA ATCURIES 
< ATMUSPHERIC EVENTS: FISSION YIELD AND CURIES 
c " UF UTHER NUCLlDES PRESENT AT ZERU TIME 

CUMPILED BY HARRY Q ,  HICKS, LLNL 
NUVEMBER 1980 
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:AVAT I UN EVENT" > < " *  EXC _ _ _  _ .  - . < " * *  SAFETY EVENT"> 
<::F6R PUSTSHUT NUMBERS 6NLY - POSITIVE NUMBERS ARE MEASUREMENTS, NEGATIVE"> 
< NUMBERS ARE ESTIMATES, 0.0 DENUTES A NUCLIDE ABSENT FROM THAT EVENT OR"> 
< " THE AMUUNT CANNOT BE ESTIMATED"> 
<"MEASUREMENTS ARE PRECISE TU 1 0  PERCENT, ESTIMATES, TU A FACTOR UF THREE">; 
DEL TAB CURIESATMA; 
CURIESATMA=LAST 74 6F CURIESATM; 
6UTPUT ATCURIES T6 HSP; 
PRINT FIRST 30 6F CURIESATM CUL NUM SHUTNAME SPUNSUR DATE YIELD BE7 NA24 MN54 
FE55 T6 HSP: 
au 
6UTPUT PE TU HSP' 
6UTPUT ATCURIES iU HSP- 
PRINT FIRST 44 6F CURIkSATMA CUL NUM SHUTNAME SP6NSUR DATE YIELD BE7 NA24 MN54 
FE55 TU HSP; 
OUTPUT LEGEN 
6UTPUT PE TB HSP' 
6UTPUT ATCURIES f U  HSP- 
PRINT LAST 30 6F CUR1 EkATM CUL NUM SHUTNAME SPUNS6R DATE Y I ELD BE7 NA24 MN54 
FE55 TU HSP; 
6UTPUT LEGEN 
6UTPUT PE TU HSP! 
auipui ATCUE 
PRINT F 
16 HSP! 

. , I  ES' f a  HSP * 
IRST 30 6F CURILSATM C 6 L  NUM SHUTNAME FE59 CU57 CU58 CU60 CU64 CU67 

UCTPUT' LEGEND T6 HSP; 
6UTPUT PE TB HSP. 
6UTPUT ATCURIES f U  HSP. 
PRINT FIRST 44 UF CURIkSATMA CUL NUM SHOTNAME FE59 CB57 CB58 CU60 CU64 CU67 
T6 HSP: 
6UTPUT' LEGEND TU HSP; 
6UTPUT PE TO HSP- 
6UTPUT ATCURIES f U  HSP. 
PRINT LAST 30 6F CURIEkATM CBL NUM SHUTNAME FE59 CU57 CU58 CU60 CU64 CU67 
16 HSP! 

SH6TNAME 

-- . . 
6UTPG'L . rlVr 
UUTPUT ATCURI ES f6  HSP. 
PRINT LAST 30 6F CURIEQATM C6L NUM SI 
TU HSP. 

4UTNAME W 

W181 

181 W 

OGTPFT' LEGEND TO HSP; 
UUTPUT PE T6 HSP. 
OUTPUT ATCURIES f O  HSP. 
PRINT FIRST 30 6F CURIkSATM C 6 L  NUM SHBTNAME PB203 
T6 HSP: 

W185 

85 W 

U233 

W187 

87 W 

U234 

W188 AU198 AU199 

88 AU198 AU199 

U235 U237 U238 

6UTPOT' LEQEND T6 HSP; 
OUTPUT PE TO HSP. 
UUTPUT ATCURIES f a  HSP' 
PRINT FIRST 44 6F CURlkSATMA C 6 L  NUM SHOTNAME PB203 U233 U234 U235 U237 U238 
TU HSP; 
6UTPUT LEGEND T6 HSP; 
OUTPUT PE TO HSP* 
OUTPUT ATCUR I ES f6  HSP. 
PRI NT LAST 30 6F CUR I ESATM COL NUM SHBTNAME PB203 U233 U234 U235 U237 U238 
TU HSP; 
OUTPUT LEOEND T6 HSP; 
UUTPUT PE TO HSP. 
UUTPUT ATCURIES f O  HSP- 
PRINT FIRST 30 6F CURlkSATM C 6 L  NUM SH6TNAME U240 NP239 PU PU241 AM241 CM242 
TU HSP; 
OUTPUT LEGEND T6 HSP; 
UUTPUT PE TO HSP. 
6UTPUT ATCURIES f6 HSP' 
PRINT FIRST 44 6F CURIkSATMA C 6 L  NUM SH6TNAME U240 NP239 PU PU241 AM241 CM242 
TO HSP; 
OUTPUT LEOEND TO HSP; 
UUTPUT PE TO HSP. 
6UTPUT ATCURIES f6  HSP* 
PRINT LAST 30 6F CURIESATM C6L NUM SHOTNAME U240 NP239 PU PU241 AM241 CM242 
TO HSP; 
OUTPUT LEGEND TO HSP; 
UUTPUT PE T6 HSP; 

14 



Input Card Images for Sumnary Table  
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HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
HARDTACK 
NUUGAT 
STORAX 
DOMINIC I 
DOMINIC I 
DOMINIC I 
WHETSTUNE 
WHETSTUNE 
CRUSST I E 
CRUSST I E 
BUWLI NE 

81 
82 
83 
84 
85 
86 
87 
88 
89 
00 
01 
92 
93 
04 
05 
96 
97 
98 
99 

100 
101 
102 
103 
104 

LLL 
LASL 
LLL 
LASL 
LASL 
LLL 
LLL 
LASL 
LLL 
LASL 
LASL 
LLL 
LLL 
LASL 
LLL 
LLL 
DdD 
DUD 
DUD 
LLL 
LLL 
LLL 
LLL 
LLL 

HAM I LTUN 
DONA ANA 
VESTA * *  
RIU ARRIBA 
SdRUCCU 
WRANGELL 
RUSHMURE 
CATRUN * *  
SANFURD 
DEBACA 
CHAVEZ * *  
HUMBULDT 
TITANIA * *  
SANTA FE 
DANNY BUY * 
SEDAN * 
JUHNNY BUY * 
SMALL BUY 
LITTLE FELLER 
SULKY * 
PALANQUIN * 
CABRIULET * 
BUGGY * 
SCHOUNER * 

I 

581 01 5 
581 01 6 
581 01 7 
581 01 8 
581 022 
581 022 
581 022 
581 024 
581 026 
581 026 
581 027 
581 029 
581 030 
581 030 
620305 
620706 
62071 1 
62071 4 
62071 7 
641 21 8 
65041 4 
680 1 26 
68031 2 
681 208 

Summary Table 
ATMUSPHERI C EVENTS I N NEVADA 1951 - 1953 

COMPILED BY HARRY 0. HICKS, LLNL 
NOVEMBER 1980 

NUM BPNAME SHOTNAME _. . 
1 RANGER 
2 RANGER 
3 RANGER 
4 RANGER RANGER BAKER-2 
5 RANGER FOX 
6 BUSTER-BAKER 
7 BUSTER-CHARLI E 
8 BUSTER-DUG 
9 BUSTER-EASY 

10 JANGLE-SUGAR 
11  JANGLE-UNCLE * 
12 ABLE 
1 3  BAKER 
14 CHARL I E 
1 5  DUG 
16 EASY 
17 FOX 
1 8  TUMBLER-SNAPPER GEORGE 
19 TUMBLER-SNAPPER HOW 
20 UPSHUT-KNUTHULE ANNIE 
21 UPSHUT-KNt3THULE NANCY 
22 UPSHUT-KNUTHULE RUTH 
23 UPSHUT-KNOTHOLE D I X I E  
24 UPSHUT-KNUTHULE RAY 
25 UPSHOT-KNUTHULE BADGER 
26 UPSHUT-KNUTHULE SIMUN 
27 UPSHUT-KNOTHULE ENCORE 
28 UPSHUT-KNOTHOLE HARRY 
29 UPSHUT-KNUTHOLE GRABLE 
30 UPSHOT-KNUTHULE CLIMAX 

SPUNSUR 
LASL 

LASL 
LASL 
LASL 
LASL 
LASL 
DUD 
DUD 
DUD/LASL 
LASL /DUD 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LLL 
LASL 
LLL 
LASL 
LASL 
LASL/DUD 
LASL 
LASL 
LASL 

tEt 

* EXCAVATION EVENT * * SAFETY EVENT 
ATMOSPHERIC EVENTS I N  NEVADA 1955 - 1957 

NUM UPNAME 
31 TEAPOT 
32 TEAPUT 
33 TEAPUT 
34 TEAP6T 
35 TEAPOT 
36 TEAPUT 
37 TEAPUT 
38 TEAPUT 
39 TEAPUT 
40 TEAPUT 
41 TEAPUT 
42 TEAPUT 
43 TEAPOT 
44 TEAPUT 
45 PRUJECT 56 
46 PRUJECT 56 

COMPILED BY HARRY 0. HICKS, LLNL 
NUVEMBER 1980 
SHUTNAME 

WASP ... .-. 
MUTH 
TESLA 
TURK 
HURNET 
BEE 
ESS * 
APPLE I 
WASP PR 
HA 
P6ST 

ME 

MET. 
APPLE I 
ZUCCH I N 
PRUJECT 56 NU 1 
PRUJECT 56 NU 2 

**  ** 

SPUNSOR 
LASL 
LASL 
LLL 
LLL 
LASL 
LASL 
DUDILASL 
LASL 
LASL 
DOD 
LLL 
LASL/DUD 
LASL 
LASL 
LASL 
LASL 

PLACEMENT 
A I R  DRUP 762FT 
300FT TOWER 
300FT TOWER 
500FT TOWER 
300FT TdWER 
500FT TUWER 
BURIED 67FT 
5OOFT TOWER 
A I R  DRUP 740FT 
AIR DRUP 36620FT 
300FT TUWER 
400FT TUWER 
500FT TOWER 
5OOFT TUWER 
SURFACE 
SURFACE 

1600 
1420 
2300 
1425 
1330 
1650 
2340 
1500 
1020 
1600 
1430 
1445 
2030 
0300 
1815 
1700 
1645 
1830 
1700 
1935 
1314 
1600 
1704 
1600 

DATE 
51 01 27 
5 1  01 28 
51 0201 
51 0202 
51 0206 
51  1028 
51 1030 
51 1101 
51 1105 
511119 
51 1129 
520401 
5204 1 5 
520422 
520501 
520507 
520525 
520601 
520605 
53031 7 
530324 
530331 
530406 
53041 1 
53041 8 
530425 
530508 
53051 9 
530525 
530604 

DATE 
55021 8 
550222 
550301 
550307 
55031 2 
550322 
550323 
550329 
550329 
550406 
550409 
55041 5 
550505 
55051 5 
551 101 
551 103 

GCT I ME 
1345 
1352 
1347 
1349 
1347 
1520 
1500 
1530 
1630 
1700 
2000 
1700 
1730 
1730 
1630 
1215 
1200 
1155 
1155 
1320 
1310 
1300 
1530 
1245 
1235 
1230 
1530 
1205 
1530 
1 1 1 5  

GCT I ME 
2000 
1345 
1330 
1320 
1320 
1305 
2030 
1255 
1800 
1800 
1230 
1915 
1210 
1200 
221 0 
21 1 5  
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47 PROJECT 56 
48 PRUJECT 56 
49 PRUJECT 57 
so PLUMEUB 

- .  

51 PLUMBUB 
52 PLUMBUB 
53 PLUMBUB 
54 PLUMBUB 
55 PLUMBUB 
56 PLUMBUB 
37 PLUMBUB 
58 PLUMBUB 
59 PLUMBUB 
60 PLUMBOB 
61 PLUMBOB 
62 PLUMBUB 
63 PLUMBUB 
64 PLUMBUB 
65 PLUMBUB 
66 PLUMBOB 
67 PLUMBUB 
68 PLUMBUB 
69 PLUMBUB 
70 PLUMBUB 
71 PLUMBUB 
72 PLUMBUB 
73 PLUMBUB 
74 PLUMBUB 

* Y  
Y *  
* x  

LASL 
LASL 
LASL 
LASL 
LASL 
LLL 
LASL 
LLL 
LLL 
DOD 
LASL 
LLL 
LASL 
LASL 
LLL 
LASL 
LASL 
LLL 
LASL 
LLL 
LASL 
LASL 
LASL 
LASL 
LLL 
LLL 
LLL 
LASL 

* EXCAVATIUN EVENT 
I Y SAFETY EVENT 

ATMUSPHERIC EVENTS I N  NEVADA 1958 - 

SURFACE 
SURFACE 
SURFACE 
500FT TUWER 
300FT TUWER 
5OOFT BALLUUN 
700FT BALLOON 
1500FT BALLOUN 
500FT TUWER 
A I R  DROP 20000FT 
5OOFT TUWER 
500FT BALLOON 
500Ff  UP-EN HOLE 
1500FT BALLUUN 
500FT TUWER 
1500FT BALLOUN 
750FT BALLOON 
700FT TUWER 
500FT TOWER 
500FT BALLOUN 
SURFACE 
750FT BALLBUN 
500FT TOWER 
1500FT BALLUUN 
500FT TUWER 
1 5OOFT BALLUUN 
1500FT BALLUUN 
SURFACE 

1968 

CUMPILED BY HARRY 0 .  HICKS, LLNL 
NdVEMBER 1980 

551 105 
5601 18 
570424 
570528 
570602 
57061 8 
570624 
570705 
57071 5 
57071 9 
570724 
570725 
570726 
575807 
57081 8 
570823 
570830 
570831 
570902 
570906 
570906 
570908 
5709 1 4 
57091 6 
570923 
570928 
571 007 
57 1 209 

DATE 
58091 2 
58091 9 
580929 
581 005 
581 01 0 
581 01 3 
581 01 5 
581 01 6 
581017 
581 01 8 
58 1 022 
58 1 022 
58 1 022 
581 024 
58 1 026 
58 1 026 
581 027 
581 029 
581 030 
581 030 
620305 
620706 
62071 1 
62071 4 
6207 1 7 
641 21 8 
63041 4 
6801 26 
6803 1 2 
68 1 208 

1955 
21 30 
1427 
1155 
1155 
1145 
1330 
1140 
1130 
-1 400 
1150 
1330 
- - 800 -- 
1225 
1200 
1230 
1240 
1230 
1240 
1245 
2005 
1300 
1645 
1250 
1230 
1300 
1300 
2000 

QCT 1 ME 
2000 
1400 
1405 
1410 
1430 
1320 
1600 
1420 
2300 
1425 
1330 
1650 
2340 
1500 
1020 
1600 
1430 
1445 
2030 

300 
1815 
1700 
1645 
1830 
1700 
1935 
1314 
1600 
1704 
1600 





APPENDIX I1 
DISPERSION TESTS OF PLUTONIUM AND/OR URANIUM 

This appendix contains executable =IS files for the plutonium and/or 
uranium dispersion tests. The input card images and output data for these 

tksts are available in  the coxupanian c las s i f i ed  publication, UCRL-52934 
Supplement (1980) (title U, report SRD) . 

! 

Executable FRAMIS F i l e s  

/*  ATMOSPl-kRE, U P E R A T I  ON R d L L E R  COASTER, ROLLERC * /  

i 

j 

/ *  D E F I N E  TABLES * /  
DEF TAB ROLLERCl  EVENTNAME CHA'R 18,  DATE I NT, QCTIME I NT, P U  REAL, P U 2 4 1  REAL, AM241 
REAL, U 2 3 4  REAL, U 2 3 5  REAL, U 8 3 8  REAL; 

/ *  I N P U T  DATA * /  I 

I NPUT RULLERCl  FRaM R U L L E R d I  N; 
1% PRINT OUTPUT DATA, OPERATION R~LLER COASTER, ROLLPRINT */  
DEL TAB PE; 
DEF T A B  PE COL1 CHAR 1; 
ADDATA PE < " 1 " > *  
DEF TAB ROLLER& coLi CHAR 100; 
AFDATA ROLLERCP < OPERATION ROLLER COASTER 
< " C U R I E S  RELEASED < I, I, , 
< " COMPILED BY HARRY Q .  HICKS,  LLNL 
< " NdVEMBER 1980 
4 S I  I* , . 
 EL +AB LEQEND; 
D E F  TAB LEGEND C O L l  CHAR 100; 
ADDATA LEGEND 

" > 
'I > 
I' > 
-> 

< I, ,I > 
( " C U R I E S  ARE D E R I V E D  FROM WEIQHTS CIF M A T E R I A L S  AND ARE P R E C I S E  TO ONE PERCENT",; 
OUTPUT ROLLERC2 T b  HSP- 
P R I N T  R O L L E R C l  COL EVEATNAME DATE QCTIME U 2 3 4  U235 U 2 3 8  PU P U 2 4 1  AM241 TO HSP; 
OUTPUT LEQEND TO HSP; 
OUTPUT PE T U  HSP; 
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OR VENTED TO TBE ATMOSPHERE 
I 

This appendix contains executable FRAMIS files for underground nuclear 
detonation events that seeped or vented to the atmosphere, input card images, 
summary and output tables, and detai l s  of the calculations (given in  Table 
111-1) 

Executable FRAMIS F i l e s  
/* NTSRELEASE, VENTED SHBTS, VENTSHUTS * /  
/* DEFIWE TABLES * /  
/* I N P U T  DATA * /  
DEF TAB VESHaT UPNAME CHAR 10 NUM I N T  SHBTNAME CHAR 15 SPUNSUR CHAR 8, 

I N P U T  VESHBT FRbM VESHUTf N *  
DEF TAB DUMMY KR85M R E A L , K k 8 8  REAL S R 8 9  REAL S R 9 0  REAL Y 9 1  REAL Z R 9 5  REAL 
REAL MU99 REAL R U 1 0 3  REAL R H 1 0 5  REAL R U 1 0 6  R k A L  P D l  09 k E A L , P D l  l h  REAL,AGl !  

C D l 1 5  P E A L  SB! 27 REAL,  T E I  32 REAL I lh l  REAL, 1 1 3 5  REAL I135 REAL, X E l 3 3  REAL 
k E A L  C S 1 3 6  k E A L ,  C S 1 3 7  REAL,  B A l 4 0  kEAL,  C E l 4 1  REAL, C E 1 4 3  REAL, C E 1 4 4  REAL, 
N D l 4 S  REAL; 
AQDATA DUMMY < O .  0. 0. 0. 0. 0. 0 .  0 .  0. 0. 0. 0 .  0 .  0. 0. 0. 0. 0 .  0. 0. 
0. 0. 0 -  0. 0. 0. o s > .  

C~TEGURY CHAR Q DATE I NT QCT I k~ I NT , C ~ R I  ESUUT REAL , PLA~EMENT CHAR io;  

VESHUTA=VESHUT TI MES ~ U M M Y ;  

/* CALCULATE C U R I E S  * /  

Z R 9 7  
1 REAL . , X E l 3 5  

0. 0, 



MAKE ZR95 
MAKE ZR95 
MAKE ZR95 
MAKE ZR95 
MAKE ZR95 
MAKE ZR95 
MAKE ZR95 Mj iK~  ~ R S 7  

MAKE ZR97 
MAKE ZR97 
HAKE ZR97 
MAKE 2R97 
MAKE ZR97 
MAKE ZR97 
MAKE Ma99 
MAKE Ma99 
MAKE Ma99 
MAKE Ma99 
MAKE Ma99 
MAKE Ma99 
MAKE MU99 
MAKE RU103 
MAKE RU103 
MAKE RUt03 
MAKE RUT03 
MAKE RUT03 
MAKE RUt03 
MAKE RUF03 
MAKE RH105 
MAKE RHt05 
MAKE RH105 
MAKE RH105 
MAKE RH105 
MAKE RH105 
MAKE RHtO5 
MAKE RU106 
MAKE RUt06 
tiElKE RUtO6 
MAKE Rut06 
MAKE RUI06 
MAKE RU106 
MAKE ~ u t 0 6  
MAKE PD109 
MAKE PDtOQ 
MAKE PDt09 
MAKE PDIOQ 
MAKE PD009 
MAKE PDtOQ 
MAKE PDYOQ 
MAKE PDF12 
MAKE POT12 
MAKE PD112 
MAKE PD112 
flAKE PDR12 
MAKE PD112 
MAKE PD112 
MAKE A 0 1  1 1 
HAKE AQR11 
MAKE AG111 
MAKE A G f l  1 
MAKE A G t l  1 
MAKE AG111 
MAKE A011 1 
MAKE CDFl5 
MAKE CD115 
MAKE CD115 
MAKE CDl15 
MAKE CDF15 
MAKE C D t l 5  
MAKE CD115 
MAKE SB127 
MIKE SBt27 
MAKE SBf27 
MAKE SBF27 
MAKE SBT27 
MAKE SB127 
MAKE SBt27 
MAKE TEf32 
MAKE TE132 
MAKE TEF32 
MAKE TE132 
MAKE TE232 
MAKE TEt32 
MAKE TEf32 
flAKE 1131 
MAKE 1131 
MAKE 1131 
MAKE I 1 3 1  
MAKE I 1 3 1  
MAKE I 1 3 1  
MAKE 1131 
MAKE 1133 

N VESHBT1 
N VESHBT2 
N VESHBT3 
N VESHBT4 
N VESHUT5 
N VESHBT6 
N VESHBTQ 
N VESHUT1 _ _  
N VESHUT2 BE (CUR 
N VESHBT3 BE (CUR 
N VESHBT4 BE (CUR 
N VESHBT5 BE [CUR 

BE (CUR 
BE (CUR 
BE (CUR 
BE (CUR 
BE (CUR 
BE (CUR 
BE 0: 
BE [CbR 

N VESHBT6 BE (CUR 
N VESHUTQ BE 0 * 
N VESHBTl BE (CbR 
N VESHBT2 BE (CUR 
N VESHBT3 BE (CUR 
N VESHBT4 BE (CUR 
N VESHUTJ BE (CUR 
N VESHUT6 BE (CUR 
N VESHBTQ BE 0 - 
N VESHUTl BE (CbR 
N VESHUT2 BE (CUR 
N VESHUT3 BE (CUR 
N VESHBT4 BE (CUR 
N VESHUT5 BE (CUR 
N VESHUT6 BE (CUR 
N VESHBTQ BE (CUR 
N VESHaTl BE (CUR 
N VESHBT2 BE (CUR 
N VESHBT3 BE (CUR 
N VESHBT4 BE (CUR 
N VESHUT5 BE (CUR 
N VESHBT6 BE (CUR 
N VESHBTQ 
N VESHUT1 
N VESHBT2 
N VESHUT3 
N VESHBT4 
N VESHBTJ 
N VESHBT6 
N VESHBTQ 
N VESHUT1 
N VESHUT2 
N VESHBT3 
N VESHBT4 
N VESHBTS 
N VESHUT6 
N VESHBTQ 
N VESHBT1 
N VESHBT2 
N VESHUT3 
N VESHBT4 
N VESHBTS 
N VESHUT6 
N VESHBTQ 
N VESHUTl 
N VESHBTP 
N VESHUT3 
N VESHBT4 
N VESHUT5 
N VESHBT6 
N VESHUTQ 
N VESHUTl 
N VESHUT2 
N VESHUT3 
N VESHUT4 
N VESHUT5 
N VESHBT6 
N VESHBTQ 
N VESHBT1 
N VESHBT2 
N VESHBT3 
N VESHBT4 
N VESHBTS 
N VESHBT6 
N VESH6T9 
N VESHBT1 
N VESHBT2 
N VESHUT3 
N VESHBT4 
N VESHBT5 
N VESHUT6 
N VESHBT9 
N VESHBTl 
N VESHUT2 
N VESHBT3 
N VESHUT4 
N VESH6T5 
N VESH6T6 
N VESHUTQ 
N VESHUT1 

BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 

ESBUT*2 
ESBUT* 1 
ESBUT*2 
ESBUT* 1 
ESBUT*7 
ESBUT*2 

OE-4) ; 
OE-7) ; 
OE-9) ; 
OE-6) ; 
OE-9) ; 
OE-6) ; 

ESBUT*9.OE-3); 
ESBUT*6.OE-6); 
ESBUT*l, OE-7); 
ESBUT* 1 . OE-4) ; 
ESBUT*4.0E-7); 
ESBUT* 1 . OE-6) ; 

ESUUT*2.OE-3); 
ESBUT*2.0E-6); 
ESBUT*l .OE-3); 
ESUUT*4.OE-3); 
ESBUT*6.OE-4); 
ESbUT*2.OE-6); 
ESBUTU2.0E-6); 
ESUUT*2.9E-2) ; 
ESUUT*l .OE-6); 
ESUUT*l.6E-2); 
ESUUT*6.OE-3); 
ESUUT*Q. OE-3) ; 
ESBUT*3.OE-5); 

0. ;  
(CURIESBUT*l, 
(CURIESBUT*l. 
(CURI ESBUT*2. 
(CUR1 ESBUT*3. 
(CUR1 ESBUT*4. 
(CUR I ESBUT* 1 . 
(CURI ESBUT*4. 
(CURIESBUT*S. 
( CUR I ESBUT* 1 . 
(CURI ESBUT*6. 
(CUR1 ESUUT*4. 
( CUR I ESBUTr2. 
(CURIESBUT*7. 
0 .  
( CbR I ESBUT*2. 
(CURIESBUT*3. 
(CURIESBUT*l. 
(CURIESBUT*4. 
(CURIESBUT*G. 
(CURIESBUT*2. 
0 -  

(CUR 
(CUR 
(CUR 
(CUR 
(CUR 
0 .  

(CUR 
(CUR 
(CUR 
(CUR 
(CUR 
0 .  
( CbR 
( CUR 
(CUR 
(CUR 
(CUR 
(CUR 

( CbR 

( CbR 

OE-4 1 ; 
OE-7); 
OE-6); 
OE-4) ; 
OE-5) ; 
OE-5); 
OE-5) ; 
OE-3); 
OE-6) ; 
OE-4); 
OE-3); 
OE-3) ; 
OE-4); 

OE-3) ; 
OE-7); 
OE-3); 
OE-3); 
OE-4); 
OE-6) ; 

ESBUT*3.OE-4) 
ESBUT*l . OE-3) 
ESBUT*2.OE-4) 
ESBUT*5.OE-7) 

ESBUT*3.OE-4) 
ESBUT*4.0E-7) 
ESBUT*2.OE-4) 
ESBUT*7.0E-4) 
ESUUT*l.OE-4) 
ESBUT*3.0E-8) 

ESdUT*l . OE-3) 
ESBUT*l.OE-6) 

0 - r . -  
( CbR I ESUUT* 1 . 
(CURIESBUT*2. 
(CURIESUUT*8. 
( CURI ESBUT*3. 
(CURIESBUT*4. 
(CURIESBUT*2. 
0 .  * 
( CbR I ESUUT*3. 
(CURIESUUT*6. 
( CUR I EXJUT* 1 . 
(CURIESUUT*l. 
( CUR I ESBUT*P. 
(CURIESUUT*2. 
( CUR I ESBUT*2. 
(CUR1 ESBUTx3. 

4E-2) ;  
OE-5) ; 
OE-3); 
OE-2) ; 
OE-3); 
OE-5) ; 

OE-3); 
OE-6); 
OE-3) ; 
2E-2) ; 
OE-5) ; 
OE-4 1 ; 
OE-4); 
4E-2) ; 
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MAKE I 1 3 3  
MAKE 1133 
MAKE I 1 3 3  
MAKE I 1 3 3  
MAKE 1133 
MAKE I 1 3 3  
MAKE I135 
MAKE 1135 
WAKE 1135 
MAKE I135 
MAKE I135 
MAKE I135 
MAKE 1135 
MAKE XEt33 
MAKE XE133 
MAKE XE133 
MAKE XEt33 
MAKE XEF33 
MAKE XEf33 
MAKE XEF33 
MAKE XEF35 
MAKE XEt35 
MAKE XEt35 
MAKE XE135 
MAKE XE135 
MAKE XE135 
MAKE XEF35 
MAKE CS136 
MAKE CSt36 
MAKE CST36 
MAKE CS036 
MAKE CSt36 
MAKE CSt36 
MAKE CS136 
MAKE CSt37 
MAKE CSF37 
MAKE CS137 
MAKE CSf37 
MAKE CST37 
MAKE CSF37 
MAKE CS137 
MAKE BAT40 
MAKE BA14O 
MAKE BAT40 
MAKE BAT40 
MAKE BAT40 
MAKE BA140 
MAKE BAT40 
MAKE CE141 
MAKE CEF41 
MAKE CEF41 
MAKE CE141 
MAKE CE141 
MAKE CE041 
MAKE CEt41 
MAKE CE143 
MAKE CEF43 
MAKE CE143 
MAKE CE143 
MAKE CEt43 
MAKE CE143 
MAKE CEf43 
MAKE CEt44 
MAKE CEP44 
MAKE CE144 
MAKE CEl4d 
MAKE CEf44 
MAKE CE144 
MAKE CET44 
MAKE NO147 
MAKE NDT47 
MAKE NDf47 
MAKE ND747 
MAKE NDf47 
MAKE NDt47 
TEMP1 ZVESHC 
MAKE ND147 
T%MP2=TEMP1 
TEMP3 = TEMP2 
TEMP4 = TEMP: 
TEMP5= TEMPd 
TEMPG=TEMP: 
VESHOTDATA: 
/ *  DELETE OBSOLETE TABLES 

DEL TAB TEMP1 TEMP2 TEMP3 TEMP4 TEMP5 TEMP6 VESHOTA VESHdTl VESHOT2 VESHOT3 
VESHOT4 VESHOTS VESHBTB VESHBT7 VESHOTB VESHOTQ DUMMY; 
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/* PRINT SH6T SUMMARY, VENTED SHUTS, VENTPRINT1 x /  

DEL TAB PE' 
DEF TAB P,E'CULl CHAR 1 ; . 

< " " > ; 
1ETikE;  
'ETITLE CULl CHAR 100; 

COMPILED BY HARRY 0. HICKS, LLNL 
NOVEMBER 1980 

DEL TAB LEGEND. 
DEF TAB LEGEND'CULI CHAR 100; 
ADDATA LEGEND 

I - 
ADDATA PE 
DEL TAB U 
DEF TAB V 
ADDATA VETITLE 
C UNDERGRUUND EVENTS WHICH UNINTENTIUNALLY RELEASED 
c " DETECTABLE RADIUACTIVITY OUTSIDE THE TEST RANGE CUMPLEX 

< I, ,I > 
<"CATEGURY 
< "CATEGURY 
< "CATEGORY 
I *I 

2;; C A T E G ~ R Y  

< " CATEGORY 
< "CATEGURY 
< "CATEQURY 
c " 

STARTED BEFURE H+30 SECONDS CUNTINUED LESS THAN 15  MINUTES"> 
STARTED BEFURE H + ~ O  SECONDS' CUNT I NUED MURE THAN 1 5 M I NUTES" > 
STARTED BETWEEN H+30 SECUND3 AND H+20 MI NUTES CUNT I NUED LESS" > 
STARTED BETWEEN H+30 SECUNDS AND H+20 MINUTES, CUNTINUED MURE"> 

STARTED AFTER H+20 MINUTES, CUNTINUED LESS THAN 1 2  HUURS"> 
STARTED AFTER H+20 MINUTES CUNTINUED MURE THAN 1 2  HOURS"> 
EFFLUENT E I THER SEEPED THR6UGH CABLES UR WAS F I LTERED THRUUGH" > 

THAN 2 HOURS, BANEBERRY (231 ) IS A SPEC1 A L J  CASE"> 

THAN 2 HOURS"> 

THE SUI L" > < ,I I, > 
<"CURIESUUT CULUMN IS THE TUTAL CURIES RELEASED FRUM GRUUND ZERO"> 
<::AS MEASURED AT H+12 HUURS">. 
< >  
<"CURIES RE EASED FRUM ALL EVENTS PRIOR TU EAGLE (210) ARE PRECISE WITHIN AN " >  
OUTPUT VETITLE TU HSP. 

CURIESUUT T15 HSP; 
OUTPUT LEQEND TU HSP; 
OUTPUT PE TO HSP; 

c"URDER OF IiAGNI TUDE OF THE L i  STED VALUE, FROM THEN UN, w i THi N A FACTOR UF 2'1,; 

PR I NT VESHUT CUL NUM ~ P N A M E  SHUTNAME SPUNSUR PLACEMENT CATEGORY DATE GCT I ME 

/* PRINT OUTPUT DATA, VENTED SHUTS, VENTPRI'NTP * /  

" > 
" > 
" > 
" > 

DEL TAB PE; 
DEF TAB PE CULl CHAR 1; 
ADDATA PE C " l " > m  
DEL TAB VECURIES; 
DEF TAB VECUR ES CULl CHAR 100; 
ADDATA YECUR I IkS 
c .' CURIES (AFTER 12 HUURS DECAY) RELEASED FROM UNDERGRUUND 
c 9 9  EVENTS WHICH UNINTENTIONALLY PLACED DETECTABLE 
c 9 9  RADIOACTIVITY UUTSIDE THE TEST RANGE COMPLEX (.. I, > 

CUMPILED BY HARRY G, HICKS, LLNL 
NUVEMBER 1980 

DEL ?AB LEGEND; 
DEF TAB LEQEND CULl CHAR 100; 
ADDATA LEGEND e.. ,I, I 

;-VA~UES ARE CALCULATED FRUM TUTAL CUR I ES RELEASED AND DEBR I s CUMPUS I T I UN" > <.. I,, 

RU103 RH105 RU106 

+LISTED VALUES FROM ALL EVENTS PRIOR TU EAGLE (210)  
("URDER UF MAGNl TUDE, AND FRUM THEN UN, W I THI N A FAC 
OUTPUT WECURIES TU HSP; 
PRINT VESHUTDATA CUL NUM SHUTNAME SPUNSUR DATE KR85M 
OUTPUT LEGEND TU HSP; 
OUTPUT PE TU HSP* 
OUTPUT YECURIES tU HSP; 
PRINT VESHUTDATA COL NUM SHUTNAME ZR95 ZR97 MU99 
OUTPUT LEQEND TU HSP; 
UUTPUT PE TU HSP- 
OUTPUT YECURIES tU HSP- 
PRINT VESHUTDATA CUL NbM SHUTNAME PDlO9 PD112 AG 
UUTPUT LEGEND TU HSP; 
CWTPUT PE TU HSP- 
OUTPUT YECURIES f a  HSP; 
PRINT VESHUTDATA CUL NUM SHUTNAME 1131 1133 1135 
UUTPUT LEGEND TU HSP; 
UUTPUT PE TU HSP- 
UUTPUT YECURIES f U  HSP- 
PRINT VESHUTDATA CUL NbM SHUTNAME CS137 BA140 CE 
UUTPUT LEGEND TU HSP; 
UUTPUT PE TU HSP; 

ARE PRECISE W I  
TOR UF TWU">; 

KR88 SR89 SR90 

11 

XE 

41 

CD 

33 

CE 

15  SB 

XE 35 

43 CE 

27 

cs 

44 

TE 

36 

ND 

" > 
" > 
" > 
" > 
" > 

THIN AN " >  

Y91 TU HSP; 

TU HSP; 

32 TU HSP; 

TU HSP; 

47  TU HSP; 
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Input Card Imaqes 
FlXED 9 CD 
OPNAME 1 10 

LLL A 
LLL D 
LLL A 
UKILASL B 
LLL B 

. LLL 0 
LLL A 
LASL A 
LLL F 
LLL A 
LASL A 
LLL 0 
LLL E 
LASL D 
LLL B 
LLL C 
DdD/LLL A 
DODILASLF 
DUDILASLC 
DdD/LLL Q 
LASL D 
LLL F 
DUDILLL Q 
LASL D 
DODILASLG 
LLL C 
LLL D 
LLL D 
LASL C 
DdDILLL 0 
LLL c1 
DdD/LLL Q 
LLL F 

1.7E5 
2.1E5 
380.0 
2.OE3 
1.9E6 
1.9E+6 
1.1E7 
3.OE6 
110.0 
760.0 
1.2E5 
6100.0 
61000.0 
2.3E5 
40000.0 
1600.0 
5900.0 
1 .OE6 
2.2E5 
6.OE5 
12000 * 0 
69000.0 
1300.0 

$?6000.0 
4.OE5 
1.2ES 
3900.0 
210,o 
5.6E4 
4.OE5 
6.7E6 
6.8E3 
2.9E3 
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8trmaary Table (Printout) 
UNDERQROUND EVENTS WHICH UNINTENTIUNALLY RELEASED 

DETECTABLE RADIOACTIVITY OUTSIDE THE TEST RANGE COMPLEX 

COMPILED BY HARRY 0. HICKS, LLNL 
NOVEMBER 1980 

SPONSOR 
LLL 
LLL 
LLL 
UKILASL 
LLL 
LLL 
LLL 
LASL 
LLL 
LLL 
LASL 
LLL 
LLL 
LASL 
LLL 
LLL 
DUDILLL 
DODILASL 
DBDILASL 
DUDILLL 
LASL 
LLL 
DODILLL 
LASL 
DODILASL 
LLL 
LLL 
LLL 
LASL 
DUDILLL 
LLL 
DUDILLL 
LLL 

PLACEMEN 
TUNNEL 
TUNNEL 
TUNNEL 
SHAFT 
TUNNEL 
SHAFT 
TUNNEL 
SHAFT 
TUNNEL 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
TUNNEL 
SHAFT 
TUNNEL 
SHAFT 
SHAFT 
TUNNEL 
SHAFT 
TUNNEL 
SHAFT 
SHAFT 
SHAFT 
SHAFT 
TUNNEL 
SHAFT 
SHAFT 
SHAFT 

DATE 
581 030 
610915 
61  1222 
620301 
6204 1 4 
6205 1 9 
62061 3 
621 01  9 
630605 
631 21 2 
6403 1 3 
64081 9 
641 205 
641 21 6 
65021 2 
650507 
6506 1 6 
660305 
660425 
66061 5 
6609 1 2 
6701 1 9  
670626 
670629 
670831 
6801 18 
690 1 29 
691 113 
70042 1 
700505 
701 21  8 
7 1  1124 
800925 

CATEQORY A STARTED BEFORE H+30 SECUNDS, WNTINUED LESS THAN 15 MINUTES 
CATEQORY B STARTED BEFURE H+30 SECONDS CONTINUED MORE THAN 1 5  MINUTES 
CATEQORY C STARTED BETWEEN H+30 SECOND4 AND H+20 MINUTES 

CATEQURY 0 STARTED BETWEEk H+30 SECONDS AND H+20 MINUTES, 

CATE ORY E STARTED AFTER H+20 MINUTES CUNTINUED LESS THAN 1 2  HOURS 
CATEgURY F STARTED AFTER H+20 MI NUTES' CONTI NUED MORE THAN 1 2  HOURS 
CATEQURY 0 EFFLUENT E I THER SEEPED THR6UQH CABLES OR WAS F I LTERED THROUGH 

CONTI NUED LESS 
THAN 2 HOURS BANEBERRY (231 1 I S  A SPECIAL bASE 

THAN 2 HOURS 
CONTINUED MORE 

THE SOIL 

QCT I ME 
1500 
1800 
1730 
201 0 
1 900 
1700 
2200 
1900 
1800 
1702 
1702 
1700 
iiis 
21 00 
1610 
1647 
1730 
1915 
1938 
1800 
1630 
1745 
1700 
1225 
1730 
1730 
21 00 
1515 
1530 
1630 
1630 
201 5 
826 

CURIESOUT COLUMN IS THE TUTAL CURIES RELEASED FROM QRUUND ZERO 
AS MEASURED AT H+12 HOURS 

CURIES RELEASED FROM ALL EVENTS PRIOR TO EAGLE {210)  ARE PRECISE WITHIN AN 
ORDER U f  MAQNITUDE OF THE LISTED VALUE, FRUM THEN ON, WITHIN A FACTUR UF 2 
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1 RS DECAY) RELE ED FROM UNDERGROUND 
EVENTS WHICH UNINTENTIONALLY PLACED DETECTABLE 
RADEOACTIVITY OUTSIDE THE TEST RANGE COMPLEX 

COMPILED Bv YARRY (3. HICK 
NOVEMBER 1980 

YR85M 
8.84000E+03 

- .  
6.96000E+03 

KR88 
1.03700E+04 
1.47000E+04 
2.31 800E+01 
1.32000E+02 
1 25400E+05 
1.25400E+05 
6.71 000E+05 
1.83000E+05 
8,03000E+00 
4.63600E+Ol 
7.32000E+03 
4.02600E+02 
4.45300E+03 
1 .61000E+04 
2.64000E+03 
1.08800E+02 
3.59900E+02 
7.300006+04 
1.496006+04 
4.38000E+04 
8 40000E+02 
5,03700E+03 
9.49000E+01 
1.82000E+03 
2.92000E+04 
8.16000E+03 
2.73000E+02 
1 ,47000E+01 
3.74000E+03 
2.92000E+04 
2.61300E+05 
4.96400E+02 
2.1 1700E+02 

I 

SR89 
6.80000E+02 
8.POOOOE+01 

0. 
4.80000E+00 
~.90001)E-04 
U.  
1.04000E+01 
0. 
7.20000E+00 
1.56000E+00 
8.40000E-02 
3.30000E+00 
0. 
6.70000E+01 
0. 
2.90000E-05 

VALUES 4RE CALCULATED FROM TaTAL CURIES RELEASED AND DEBRIS COMPOSITION 
LISTED VALUES FROM ALL EVENTS PRIOR TO EAGLE (210) 
ORDER OF MAGNITUDE, AND FROM THEN ON, WITHIN A FACTBR O F  TWO 

ARE PRECISE WITHIN AN 

SR90 
5,10000E+00 
2.10000E+00 
1 ,14000E-02 
6,00000E-02 
5.70000E+01 
5.70000E+01 
3.30000E+02 
9.00000E+01 1.10000E-07 

2.28000E-02 
3.60000E+00 
1 83000E-01 
6 10000E-05 
2 30000E+00 
1 20000E+00 
4 80000E-04 
1 77000E - 0 1 
1 00000E-03 
6 60000E-02 
0 
1 
6 
0. 2,60000E - 01 

Y91 
3.40000E+01 
8.40000E-04 
7.60000E-02 
1.60000E-01 
1 .52000E+02 
1.52000E+02 
2.20000E+03 
6.00000E+02 
1.10000E-06 1.52000E-01 

2.40000E+01 
4.88000E-01 
6,10000E-04 
9.20000E-04 
3.20000E+00 
1.60000E-06 
1.18000E+OO 
1.00000E-02 
2.20000E-04 

20000E -01 2 80000E - 05 
90000E-05 E.90000E-04 

0. 3.600OOE-02 
3.90000E - 02 ?. I ,65000E-02 10000E-03 - 
U .  6.03000E-01 
0. 2.90000E-06 

U. 
1.04000E-04 

1.56000E-05 
8.40000E-07 
5.50000E-05 
0. 
6.70000E+00 

0. 1.20000E-04 

0. 2.90000E-05 



CURIES (AFTER 1 2  HdURS DECAY) RELEASED FR0M UNDERGRBUND 
EVENTS WHICH UNINTENTI0NALLY PLACED DETECTABLE 

RADldACTIVlTY BUTSIDE THE TEST RANGE C0MPLEX 

CdMPILED BY HARRY G .  HICKS, LLNL 
NOVEMBER 1980 

- -  TABLE VESH0TDATA - - -  
NUM SHOTNAME 

201 BLANCA 
202 ANTLER 
203 FEATHER 
204 PAMPAS 
205 PLATTE 
206 EEL 
207 DES M0INES 
203 BANDICBOT 
209 YUBA 
210 EAGLE 
211 PIKE 
212 ALVA 
213 DRILL 
214 PARROT 
21 5 ALPACA 
216 TEE 
217 DILUTE3 WATERS 
218 RED H0T 
219 P I N  STRIPE 
220 DOUBLE PLAY 
221 DERR I NGER 
222 NASH 
223 MIDI MIST 
224 UMBER 
225 DOOR MIST 
226 HUPM0BILE 
227 P0D 
228 SCUTTLE 
229 SNUBBER 
230 MINT LEAF 
23 1 BANEBERRY 
232 DIAGONAL L INE 
233 HIOLA 

ZR95 
3.40000E+01 
1.47000E-03 
7.600006-02 
2 I 00000E-04 
1 .90000E-01 
1 ,90000E-01 
2.20000E+03 
6.00000E+02 
2.20000E-04 
1 .520006-01 
2.40000E+01 
6 .  10000E-04 
1.22000E-01 
1.61000E-03 
4.00000E-03 
3.20000E-06 
1.18000E+00 
2.00000E+00 
4 . 4 0 0 0 0 E - 0 4  
0.  
8.40000E-05 
1.38000E-01 
0 .  
1.82000E-04 
0. 
2.40000E-04 
2 .73000E-05 
1.47000E-06 
1.10000E-04 
0 .  
6.70000E+00 
0.  
5.80000E-03 

ZR97 
1.53000E+03 
8.40000E-02 
3.42000E+00 
1.20000E-02 
1.14000E+01 
1 . 14000E+01 
9.90000E+04 
2.70000E+04 
1 . 10000E-04 
6.84000E+00 
1 I 08000E+03 
3.66000E-02 
6.10000E-02 
9.20000E-02 
2.40000E-01 
1.60000E-04 
5 . 3  1 000E+01 
1.00000E+00 
~ ~ 2 0 0 0 0 E , 0 2  

2: 80000E-03 
6.90000E-02 
0. 
1.04000E-02 
0. 
1.20000E-02 
1.56000E-03 
8.40000E-05 
5.50000E-03 
0. 
6.70000E+02 
0. 
2.90000E - 03 

Ma99 
3.40000E+03 
1.47000E+03 
7,60000E+00 
4.00000E-02 
3.80000E+01 
3.80000E+01 
2.20000E*05 
6.00000E+04 
2.20000E-03 
1 .52000E+01 
2.40000E+03 
1 .22000E-01 
1 22000E+00 
1 61000E+03 
8,00000E-01 
7 .76000E+01 
1 . 18000E+02 
%.00000E+01 
:.42000E+03 

’ 40000E+O 1 
1 a 38000E+00 
0.  
1.82000E+02 
n 
U .  
1 32000E+03 
2.73000E+01 
1.47000E+00 
6.05000E+02 
0 .  
2.88100E+05 
0.  
5.80000E-02 

RU103 
3.40000E+02 
1.26000E+02 
7.60000E-01 
4.00000E-03 
3.80000E+00 
3.80000E+00 
2.20000E+04 
6.00000E+03 
2.20000E-04 
1.52000E+00 
2.40000E+02 
1.22000E-02 
1.22000E-01 
1.38000E+02 
8.00000E-02 
1.60000E+00 
1 .18000E+01 
2.00000E+OC 
2.20000E+02 
1.20000E+00 
7.20000E+00 
1.38000E-01 
2.60000E-03 
1 .56000E+01 
8.00000E-01 
1.20000E+02 
2.34000E+00 
1,26000E-01 
5,50000E+01 
8.00000E-01 
2 68000E+04 
1.36000E-02 
5.80000E-03 

VALUES ARE CALCULATED FR0M TOTAL CURIES RELEASED AND DEBRIS COMPBSITlbN 

LISTED VALUES FR0M A L L  EVENTS PRIOR TO EAGLE ( 2 1 0 )  ARE PRECISE WITHIN AN 
ORDER OF MAGNITUDE, AND FR0M THEN ON, WITHIN A FACTOR OF TWO 

3.19000E+O5 
8.70000E+04 
3 30000E-03 
2.20400E+01 
3.48000E+03 
6,10000E-03 
1 83000E+00 
2.07000E+03 
4 00000E-02 
2 56000E*01 
1.71100E+02 
3,00000E+01 
2.52000E+03 

RH1 05 RUlO6 
4.93000E+03 1 I 70000E+01 
’.89000E+03 8.40000E+00 
1 I 10200E+01 3.80000E-02 
2.00000E-03 2.00000E-04 
1 s90000E+00 1.90000E-01 
1.90000E+00 1.90000E-01 

1,10000E+03 
3 .00000Et02  
1.10000E-03 
7.60000E-02 
1 .20000E+01 
6.10000E-04 
6.10000E-01 
9.20000E+00 
4.00000E-03 
3.20000E - 03 
5.90000E-01 
1.00000E+01 
4.40000E-01 
2.40000E+01 
4.80000E-01 
6.90000E-01 
5.20000E-02 
1.04000E+00 
1,60000E+01 
2.40000E-01 
1 .56000E-01 
8.40000E-03 
1.10000E-01 
1.60000E+01 

U. 
1 08000E+02 
2.07000E+00 
0 
2.340QOE+02 
0 .  
1.92000E+03 
3 . 5 1  000E+01 
1,89000E+00 
n 8.80000E+02 
U 

4.02000E+04 
0. 
8.70000E-02 

2.01 000E+03 
2.72000E-01 
2.90000E-02 



CURIES (AFTER 12 HOURS DECAY) RELEASED FROM UNDERGROUND 
EVENTS WHlCH UNINTENTIONALLY PLACED DETECTABLE , 

R A D I O A C T I V I T Y  OUTSIDE THE TEST RANGE COMPLEX 

COMPILED BY HARRY 0. HICKS, LLNL 
NOVEMBER 1984 

. PD109 
8.50000E+02 
4.20000E+02 
1 .90000E+00 
2.00000E-03 
1.90000E+00 
1.90000E+00 
5.50000E+04 
1.50000E+04 
7.70000E-02 
3,80000E+00 
6,00000E+02 
6.10000E-03 
4.27000E+01 
4,60000E+02 
4.00000E-02 
9.60000E-01 
2.95000E+Ol 
7,00000E+02 
lB32000E+02  
0. 
2.40000E+01 
4.83000E+01 
0. 
5.20000E+01 
0. 
7.20000E+01 
7.80000E+00 
4.20000E-01 
3.30000E+01 
0. 
2,68000E+04 
0. 
2.03000E+00 

PD112 
3.40000E+02 
1.26000E+02 
7.60000E-01 
6.00000E-04 
5.70000E-01 
5.70000E-01 
2.20000E+04 
6.00000E+03 
2.20000E-04 
1.52000E+00 
2.40000E+02 
1.83000E-03 
1.22000E-01 
1.38000E+02 
1 20000E-02 
1.60000E+00 
1 .18000E+01 
2.00000E+00 
2.20000E+02 
0. 
7.20000E+00 
1.38000E-01 
0. 
1.56000E+01 
u. 
1 .20000E+02 
2.34000E+00 
1 ,26000E-01 
5.50000E+01 

A01 11 
1 02000E+02 
4.20000E+01 
2.28000E-01 
1.20000E-03 
1.14000E+00 
1 .14000E+00 
6.60000E+03 
1.80000E+03 
5.50000E-05 
4 56000E-01 
7 20000E+01 
3.66000E-03 
3.05000E-02 
4.60000E+01 
2.40000E-02 
4.80000E-01 
3.54000E+00 
5.00000E-01 
$.60000E+01 
V. 
2.40000E+00 
3.45000E-02 
0. 
5.20000E+00 
0. ' 

3.60000E+01 
7.80000E-01 
4.20000E - 02 
1.65000E+01 
0. 
6.70000E+03 
0, 
1 45000E-03 

C a l l 5  
5.10000E+01 
2.10000E+01 1 .14000E-01 

8.00000E-04 
7.600QOE-01 
7.60000E-01 
3.30000E+03 
9.00000E+02 
3.30000E-06 
2.28000E-01 
3.60000E+01 
2.44000E-03 
1.83000E-03 
2.30000E+01 
1.60000E-02 
3.20000E-01 
1.77000E+00 
3.00000E-02 
4.40000E+01 
0. 
1.20000E+00 
2.07000E-03 
0. 
2.60000E+00 
U. 
2.40000E+01 
3.90000E-01 
2.10000E-02 
1 .10000E+01 

0. 
2.68000E+04 
0.  
5,80000E-03 

VALUES ARE CALCULATED FROM TOTAL CURIES RELEASED AND DEBRIS COMPOSlTlON 

0. 
4.69000E+03 
0. 
8.70000E-05 

SB127 
1.70000E+02 
8,40000E+01 
3.80000E-01 
2.00000E-03 
! .90000E+00 1.90000E+00 

1 .10000E+O4 
3.00000E+03 
2.20000E-04 
7.60000E-01 
I .20000E+02 
6.10000E-03 
1.22000E-01 
9.20000E+01 
4.00000E-02 
1 .12000E+00 
5.90000E+00 2.00000E+00 

1.54000E+02 

TEl32  
2,38000E+03 
8.40000E+02 
5.32000E+00 
4.00000E-02 
3,80000E+01 
3,80000E+01 
1.54000E+05 
4.20000E+04 
2.20000E-03 1.06400E+01 

1 .68000E+03 
1.22000E-01 
9.20000E+02 1.22000E+00 

8,00000E-01 
1.28000E+01 
8.26000E+01 
2,00000E+01 
1.76000E+03 

0. 0. 
4.80000E+00 4.80000E+01 
1.38000E-01 0. 1.38000E+00 
0. 
0. 1.04000E+01 0. 1.04000E+02 

8.40000E+01 9.60000E+02 
1.56000E+00 1.56000E+01 
8.40000E-02 8.40000E-01 
3.85000E+Ol 4.40000E+02 
0. 0.  
2 . 0 1  000E+04 0 .  2 .01  000E+05 
0. 
5.80000E-03 5.80000E-02 

LISTED YALUES FROM ALL EVENTS PRIBR TO EAGLE (210)  ARE PRECISE WITHIN AN 
ORDER OF MAGNITUDE, AND FROM THEN ON, W I T H I N  A FACTOR OF TWO 



CURIES (AFTER 12 HOURS DECAY) RELEASEb FRBM UNDERGROUND 
EVENTS WHICH UNINTENTIONALLY PLACED DETECTABLE 

R A D I O A C T I V I T Y  BUTSIDE THE TEST RANGE CBMPLEX 

COMPILED BY HARRY 0 .  HICKS, LLNL 
NBVEMBER 1980 

w 
0 

NE 

VALUES ARE CALCULA 

LISTED VALUES FRElM 
ORDER O F  MAGNITUDE 

I131  
5.10000E+02 
4.20000E+00 
1.14000E+00 
1.20000E-02 
1.1400OE+Ol 
1.14000E+01 
3.30000E+04 
9.00000E+03 
2.20000E-02 
2.28000E+00 
3.60000E+02 
3.66000E-02 
1 I 22000E+01 
4,6OOOOE+OO 
2.40000E-01 
1.6OOOOE+OO 
1 . i7000E+01 
2.00000E+02 
2.20000E+02 
l a 2 0 0 0 0 E + 0 2  
2.40000E-01 
l a 3 8 0 0 0 E + 0 1  
2.60000E-01 
5.2OOOOE-01 
8.00000E+01 
1.20000E+02 
7.80000E-02 
4.20000E-03 
5.50000E+01 
8 I 00000E+01 
8.04000E+04 
1.36000E+00 
5.80000E-01 

I 1 3 3  

4.20000E+02 
1.29200E+01 
1.20000E+00 
1.14000E+03 
1.14000E+03 
3.74000E+05 
1.02000E+05 
3.63000E-01 
2.58400E+01 
4.08000E+03 
3.66000E+00 
2 . 0  1 300E+02 
4.60000E+02 
2.40000E+01 
3.04000E+01 
2.00600E+02 
3.30000E+03 
4.18000E+03 
3.18000E+03 
2 I 40000E+01 
2.27700E+02 
6.89000E+00 
5.20000E+01 
2.12000E+03 
2.25000E+03 
7.80000E+00 
4.20000E-01 
1.04500E+03 
2.12000E+03 
1.60800E+06 
3,60400E+O1 
9.57000E+00 

~ . ~ ~ o o o E + o ~  
I 1 3 5  

6.63000E+03 
2.52000E+03 
1 I 48200E+01 
6.OOOOOE+00 
5.70000E+03 
5.70000E+03 
4.29000E+05 
1 . 17000E+05 
8.80000E-01 
2.96400E+01 
4.68000E+03 
l183000E+01 
4.88000E+02 
2.76000E+03 

1 .37500E+03 
3.8000OE+03 
9.38000€+05 
6 -  4600ijE+oi 
2.32000E+01 

ED FROM TOTAL CURIES RELEASED AND DEBRIS COMPOSITION 

A L L  EVENTS PRlBR TO EAGLE (210)  ARE PRECISE WITHIN AN 
AND FROM THEN ON. W I THI N A FACTdR OF TW0 

XE135 
1.10500E+05 
1.57500E+05 
2 I 47000E+02 
1.40000E+03 
1.33000E+06 
1.33000E+06 
?.15000E+06 $.95000E+06 

8.58000E+01 
4.94000E+02 
7 I 80000E+04 
4.27000E+03 
4.75800E+04 
l S 7 2 5 0 0 E + 0 5  
2.80000E+04 
1 . 15200E+03 
3.83500E+03 
7.80000E+05 
1.58400E+05 

9.00000E+03 
4 , 6 a o o o ~ + o 5  

CSl36 
8.50000E+00 
2.10000E+00 
1.90000E-02 
4 .  OOOOOE - 02 
3.80000E+01 
3.80000E+01 
5.50000E+02 
1.50000E+02 
1.10000E-05 . 
3.80000E -02  
6.00000E+00 
1 22000E-01 
6.10000E-03 
2.30000E+00 
8100000E-01 
3.20000E-02 
2.95000E-01 
1,00000E-01 
4.40000E+00 
0. 
1 .20000E-01 
6.90000E-03 
0 .  
2.60000E-01 * 
U. 
2.40000E+00 
3.90000E-02 
2.10000E-03 
1.10000E+00 
0. 
2.68000E+01 
0. 
2,90000E-04 



W 
I-' 

R 12 HUURS DECAY) RELEASED FRUM UNDERGRUUND 
EVENTS WHICH UNINTENTIUNALLY PLACED DETECTABLE 
,RADlUACTIVITY OUTSIDE THE TEST RANGE COMPLEX 

cs137 
1 .02000E+03 
1 I 47000E+01 
2.28000E+00 
1.20000E+01 
l . l 4 0 0 0 E + 0 4  
1.14000E+04 
6.60000E+04 

4,56000E+00 
7.20000E+02 
3.66000E101 
4.88000E-04 

~1.61000E+01 
2.40000E+02 
1.60000E-03 
3.54000E+01 

g.20000E-01 

I . ~ O O O O E + O ~  
~ . ~ O O O O E - O ~  

a. OOOOOE-03 

:: 40000E-01 
5,52000E- 04 
0. 
1.82000E+00 
U. 
1 .20000E-01 
2.73000E-01 
1.47000E-02 
5.50000E-02 
0 .  
6 I 70000E-01 
0. 
2.32000E-05 

BAI 40 
3.40000E+02 
2.10000E+02 
7 ,  6OOOOE-01 
1.40000E+02 
1.33000E+05 
1.33000E+05 
2.20000E+04 
6.00000E+03 
1.10000E-05 
1.52000E+00 
2,40000E+02 
4.27000E+02 
6.10000E-03 
2.30000E+02 

9.60000E-01 
l . t 8 0 0 0 E + 0 1  
1.00000E-01 
1.32000E+02 
0. 
1 .20000E+01 
6.90000E-03 
0. 
2.60000E+01 
0. 
7.20000E+01 
3,90000E+00 
2.10000E-01 
3.30000E+01 
0. 
6.70000E+02 
0. 
2.90000E-04 

~ . ~ O O O O E + O ~  

CEl41 
1.02000E+02 
1.05000E+02 
2.28000E-01 
5.20000E+01 
4.94000E+04 
4.94000E+04 6.60000E+03 

5 50000E-06 
4.56000E-01 
7.20000E+01 

3.05000E-03 
1 .15000E+02 
1.04000E+03 
4.80000E-01 
3.54000E+00 
5.00000E-02 
5,60000E+01 

I . ~ O O O O E + O ~  

I . ~ ~ ~ o o E + o ~  

U. 
6.00000E+00 
3.45000E-03 
0. 
1,30000E+01 
A 

:: 60000E+01 
1.95000E+00 
1,05000E-01 
1 65000E+01 
0.  
3.35000E+02 
0. 
1.45000E-04 

CE143 

CUMPILED BY HARRY G. HICKS, LLNL 
NUVEMBER 1 sa0 

207 DES MdlNES 
208 BANDICUUT 
209 YUBA 
210 EAGLE 
211 PIKE 
212 A L V 4  
213 D R I L L  
214 PARRUT 
215 ALPACA 
216 TEE 
217 DILUTED WATERS 
218 RED ,HUT 
219 P I N  STRIPE 
220 DOUBLE PLAY 
221 DERR I NGER 
222 NASH 
223 MID1 MIST 
224 UMBER 
223 DUUR MIST 
226 HUPMUBILE 
227 PUD 
228 SCUTTLE 
229 SNUBBER 
230 MINT LEAF 
231 BANEBERRY 
232 DIAGONAL LINE 
233 RlULA 

CEl44 
5.10000E+00 
2.10000E-04 

I I 14000E-02 
4.OOOOOE-05 

3.30000E+02 9.00000E+01 

5.50000E-07 
2.28000E-02 
3.60000E+00 
1.22000E-04 
3.05000E-04 
2.30000E-04 
8.00000E-04 
1.60000E-06 
1.77000E-01 
5.00000E-03 
2.20000E-04 

~ . ~ O O O O E - O ~  
~ . ~ O O O O E - O ~  

0 .  0. 
2.40000E-03 1.20000E-05 
6.21000E-02 0. 3.45000E-04 0. 

5.20000E-03 2.60000E-05 
0. 0. 
7.20000E-03 1.20000E-04 
7.80000E-04 3.90000E-06 
4.20000E-05 2.10000E-07 
3.30000E-03 2.50000E-05 
U. 
0. 4.02000E+02 0. 5: 01 000E+00 

2.61000E-03 1.45000E-05 

VALUES ARE CALCULATED FRUM TUTAL CURIES RELEASED AND DEBRIS CUMPUSITIUN 

LISTED WALUES FRUM A L L  EVENTS PRIOR TU EAQLE (210)  ARE PRECISE WITHIN AN 
ORDER UF MAGNITUDE, AND FRUM THEN ON, WITHIN A FACTUR UF TWO 

NDl47 
6 ,  8 0 0 0 0 ~ + 0 1  

~ . O O O O O E - O ~  

4.20000E-03 
1.52000E-01 

7.60000E-01 
7.60000E-01 
A.A0000E+03 

0. 
2.40000E-04 
4.14000E-03 
0. 
5.20000E-04 
0. 
7.20000E-04 
7.80000E-05 
4.20000E-06 
2.30000E-04 

z :  68000E+01 
0.  
1.74000E-04 



w 
h) 

TABLE III-1. Calculated fractional contributions of 28 individual radionuclides to the total radioactive releases 
for the various categories of shots that vented to the atmosphere. - 

Category A Cacqpry B Cat- c Qtwv CI 0 - D  Calqorks E. F. ad d 
FIada Hall4fe FIada Fnabn Fmctkmof FNclbn FmcHaof RHtla Fndk.d Fnccbnd Rw(b. Frdonof  FNclbn Rw(b.d 
pmkt (4.p) r*ls(%P .NtUlb t0hlrrk.r' rentedb totalrelNae' r a d  t o t r l ~ ~  z3 totdrrlnnc n r t d b  1.rJcdNd r r w b  (rtdnLwc 

0.187 
0.118 
*an 
10.592 
58.6 
64.0 
3.700 
2.751 
39.4 
1.48 
368 
0.W 
0.815 
7.47 
2.21 
3.80 
3.25 
a04 
0.867 
0.274 
5.25 
0.379 
13.1 
11.020 
12.79 
325 
1.375 
284.4 
10.99 

0.58 
1.27 
1.n 
2.64 
2.62 
4.52 
4.82 
5.94 
6.53 
5.13 
4.52 
0.60 
0.21 
0.41 
0.083 
0.50 
4.81 

4.31 
6.81 

5.82 
3.40 
5.76 
0.15 
6.19 
4.94 
4.70 
4.10 
3.34 
1.97 

0.5 
0.5 
0.5 
0.5 
0.02 
0.01 
0.01 
0.05 

0.05 

0.05 
0.05 

0.05 

0.05 

0.05 
0.05 

0.05 
0.05 

0.03 
0.03 
0.03 

0.5 
0.5 

0.02 
0.5 
0.02 
0.02 
0.01 
0.01 
0.01 

0.052 
0.061 
0.004 
3x 10-5 
2XlO-4 
2x 10-4 
0.009 
0.020 
0.002 

0.029 

0.005 
0.002 
6X I d  
3X IO4 
0.001 
0.014 
0.603 
0.034 
0.039 
0.067 
0.654 
5 x 1 6 ~  
6X IOA5 
0.002 
6X IO-' 
0.005 

I d  

3x 10-5 
4x IO-' 

8.001 
0.001 
6.001 
0.801 
I d  
10-7 
10-7 
10-7 
10-7 
167 
10-7 
10-7 
10-7 
10-7 
10-7 
10-7 
10-7 
10-7 

10-6 

10-3 
10-3 
I d  
10-3 

10-7 
10-7 
 IO-^ 

4X104 

0.01 
0.01 

O M 6  
0.066 
0.004 
3 x   IO-^ 
IX 10-5 
10-7 

2x 10-5 
2 x  10-6 
1 6  
10-7 
10-6 

6x167 

10-6 
2x 10-5 

6X lod 

3 x  1 r 7  

4xlO-'I 

6X la6 
6X IO-' 
0.03 
0.070 
0.700 

6XIC5 
0.070 
0.026 
4X lod 

zx 10-5 

2x10-8 
4x1C7 

O M  
0.002 
SXIO-~ 

3 x 1 6 ~  
3 x 1 6 ~  
3x10-~  
3 x 1 6 ~  
I 6  
10-4 
10-4 
10-4 
I d  
10-4 
IO-' 
10-4 
IO-' 
10-4 
3 x  lr5 

7x10-~  
0.002 
o m 2  
3 x 1 ~ ~  
3 x 1 6 ~  
3 x d  
JXIO-~ 
3 x w 9  
3 X W 9  
3 x  lor9 

6X I C 5  

am 
3.64 
6x10-5 
3 x 1 6 ~  
10-9 
2x10-9 
IU-7 
0.01 I 
0.001 
0.016 

6X I 6  
0.001 
3 x 1 6  

7X IO-' 
0.0011 
0.001 
0.019 
0.025 
3.072 
0.720 

6x165 

zxro-' 

2x10-5 
10-6 
6X 1 6  
3X I d  
6X lad 
3X10-10 
6X10-9 

0.15 
0.15 
8X I 6  
8X I d  
6x10-5 
6X 10-5 
6X 10-5 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0. I 
0.05 
0.15 
0.15 
8X la4 
8X 10-4 
ox I d  
8X I 6  
6X 
6X I d  
6X 

0.032 
0.w 

9X lad 
10-5 

1 6  
I+ 
10-4 
0.043 
0.004 
0.006 
3X I d  
0.001 
0 . M  
0.001 
7X 10-4 
0.003 
0.030 
0.312 

0.236 
0.136 
0.040 
0.413 
4 x 1 6  
10-7 
I d  
5 x 1 6 ~  

3 x 1 ~ ~  
6 X d  

4XlOd 

OM3 am 
0 . 5  
0.003 
0.0081 
3 X l K 9  
3x1w9 
3XlK'  
I d  
10-4 
I d  
1 6  
IO-' 
I d  
10-4 
I 6  
la4 
10-4 
10-6 
10-5 
5 x 1 ~ ~  

6.003 
0.003 
3 x  1 r 5  
0.603 
I d  
I d  
3 x 1 ~ ~  
3 x  

3~ 

a m  
0.W 

4 x w 9  

4 x l r 7  
0.m 
6 x 1 6  
0.009 
4 x 1 ~ ~  
0.002 
6X104 

10-5 

7X 16' 

2X I 6  
I 6  

2x10-5 

4X 10-4 
0.004 

Obbz 
0.012 
0.075 
0.751 

7X I C 5  
0.001 
5X I+ 

10-5 

SX 10-7 
10-9 
2 x 1 0 ~  
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APPENDIX IV 
NUCLEAR ROCKET ENGIME TESTS 

', This appendix contains executable -IS files for nuclear rocket engine 
tests, input card images, summary and output table and deta i l s  of the , 

calculations (given i n  Table IV-1, in  the section "Estimation of Total Curies 
Released," and i n  Ta 

Executable FRAMIS F i l e s  

/*  NTSRELEASE, NUCLEAR ROCKET ENG 

/ *  D E F I N E  TABLES * /  
NES ROCKETESTS / 

/ *  l N P U  

D E F  TAB T E  I NT, MWSEC REAL, CUR I ESOUT REAL; 
i N P U T  ROCKET FROM R0CKET D E F  TAB DUMMY KR85M REAL A L  Y 9 1  REAL,Y93 
REAL,ZRQS R E A L  Z R 9 7  REAL R k A L  P D 1 0 9  REAL, 
P D l l 2  REAL,  A 0 1  11 REAL, CD REAL h 1 2 5  REAL 
S B 1 2 7  REAL,TE129M REAL T E 1 3 2  REAL 1 1 3 1  R E  L C S 1 3 7  REAL B A i 4 O  
REAL, C E 1 4 1  REAL, C E l 4 3  k E A L ,  C E 1 4 4  k E A L ,  N D l  161 REAL, S M I Q 3  
REAL EU156 R E A L , X E l  REAL,XE133M REAL XE 

0 .  0 .  0 .  0. 6. 
ROCKETA=RBCKET 

A D D A ~ A  DUMMY < 0. 0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

/* CALCULATE C U R l E S  * /  
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 
MAKE 

.21 E-2 

.20E-3 

.20E-3 
a 70E-3 
.70E-5 
.30E-3 
.91E-1 
.20E-4 
.74E-2 
,44E-2 
,50E-4 
.40E-3 
.00E-5 
.50E-4 
,60E-3 
,40E-3 
,70E-3 
,60E-5 
.20E-3 
,00E-4 
,60E-4 
.90E-3 
.10E-4 

.63E-2 
,70E- 1 
'84E-2 
. l l E - 2  
,30E-3 
.05E-2 
70E-3 
OOE-5 
20E-3 
60E-4 
22E-2 
00E-5 
40E-4 
50E - 3 
OOE - 3 
40E-4 

.20E-6 

6 40E-2 

/ *  DELETE OBSOLETE TABLES * /  
D E L  TAB DUMMY; 

/ *  P R I N T  NUCLEAR RdCKET E N G l N E  TEST SUMMARY, 

D E L  TAB PE; 

33 

. .  
I 

1 s  

I 

I 

# 

! 
8 

1 

a 

I 

I 

RdCKPR NT1 * /  



DEF TAB PE COLl CHAR 1; 
ADDATA PE ( "1  @I> * 
DEL TAB ROCKTI TLEA; 
DEF TAB RUCKTITLEA CULl CHAR 100; 
$!DATA ROCKT I TLEA 

NUCLEAR ROCKET ENQINE TESTS 

COMPILED BY HARRY 0. HICKS, LLNL 
NUVEMBER 1980 

DEL TAB LEQEND; 
DEF TAB LEQEND C O L l  CHAR 100; 
AgDATA LEGEND 
c 'I> 

<"CURIES RELEASED ARE PRECISE TO A FACTOR OF TWO">; 
OUTPUT ROCKTITLEA TO HSP' 

OUTPUT LEQEND TO HSP; 
CIUTPUT PE TO HSP: 
/ %  PR4NT OUTPUT D ATA, NUCLEAR ROCKET ENGINE TESTS, ROCKPRINT2 */  
PRINT RUCKET CUL RUN ENGINENAME DATE MWSEC CURIESUUT TU HSP; 

DEL TAB PE; 
DEF TAB PE C O L l  CHAR 1; 
ADDA A PE C * ' l " > .  
DEL TAB ROCKTITLE. 
DEF TAB ROCKTI TLE' C O L ~  CHAR i go; 
$PDATA ROCKTITLE 
< I* .I > 
<-  
< I' 

CURIES (AFTER 12 HOURS DECAY) RELEASED FRUM NUCLEAR ROCKET ENQINE TESTS 

COMPILED BY HARRY 0. HICKS, LLNL 
NOVEMBER 1980 

" > 
'I > 
*@ > 

" > 
u >  
" > 

2 :;VALUES I N THE TABLE WERE CALCULATED ASSUM i NO : 81 > 

c I* 

C 1 RELATIVE COMPOSITIONS OF LL EFFLUENTS WERE THAT OF PHUEBUS 1 8  RUN 324"> 
e*' 2 TEl 32, I 1  31 AND I 1  33 CAN B$ USED TO CALCULATE TUTAL CUR1 ES RELEASED"> 

3 FOR A Q I V E ~  ENQINE TYPE THE TCITAL RELEASE IS PROPORTIONAL TO THE"> 
I NTEQRATED POWER LEVEL ~ N L Y  11 > 

HSP; 

TO HSP- . RUN E ~ Q I  
HSP; 

TO HSP- - RUN E ~ Q I  
HSP; 

TO HSP* . RUN E ~ Q I  
HSP; 

iE TO A 

NENAME 

NENAME 

NENAME 

NENAME 

NENAME 

NENAME 

FACTOR OF TWO">; 

KR85M KR87 KR88 SR8S SRSO YO1 Y 9 3  TO HSP; 

ZRSS ZRS7 MOSS RU103 RH105 RU106 PD109 TO HSP; 

PD112 A01 11 C D l l 5  CDl 1SM SN121 SN123 SN125 

58127 TEl29M TE l32  I 1  31 I 1  33 I 1 3 5  XE133 TO HSP; 

XE133M XE135 XE135M BA140 CE141 CE143 TO HSP; 

CE144 ND147 PM149 PM151 SM153 EU156 TO HSP; 

34 



RUN 1 3 
ENGINENAME 9 1 2  
DATE 22 6 

FIXED 5 CD 

2.OE+4 
6.OE+4 
6,OE+4 
3.OE+4 
l,OE+4 
4,OE+4 
1,1E+5 
5.OE+S 
1. BE+5 
3.OE+5 
3,OE+5 
9.OE+3 
3,2E+5 
8.4E+5 
S.OE+S 
7 a 4€+5 
3,9E+5 
6.0E+5 
1 .OE+6 
1,1E+6 
1.2E+6 
1.0E+6 
1.4E+5 
2.6E+6 
4,5E+6 
6.4E+S 
4.5E+6 
2,7E+6 
1.6E+6 
4.2E+5 
3.4E+5 

0.4E+2 
2.5E+3 
2. 5E+3 
1.3E+3 
4,2E+2 
1.7E+3 
4,6E+3 
2.1E+4 
7,6E+3 
1.1E+3 
1.1E+3 
1 .SE+4 
5,3E+2 
2.4E+3 

2,2E+4 
1.2E+1 
1 .OE+2 
2.7E+4 
2,0E+4 
1.2E+3 
6.OE+4 
3,4E+4 
2,4E+5 
Sm3E+4 
7.1E+3 
5.1E+4 
2.1E+3 
2,3E+5 
8,2E+2 
5,3E+2 

1,2E+3 

Sunmary Table 

NUCLEAR ROCKET ENGINE TESTS 

CUMPILED BY HARRY 0 .  HICKS, LLNL 
NUVEMBER 1980 

CURIES RELEASED ARE PRECISE TO A FACTUR UF TWU 
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CURIES (AFTER 12 HUURS DECAY) RELEASED FRUM NUCLEAR R6CKET ENQINE TESTS 

NUVEMBER 1980 
CUMPILED BY HARRY Q. HICKS, LLNL 

.- TABLE R6CKETA - - -  
RUN ENGINENAME 

301 K I W I  A 
302 KIWI A PRIME 
303 KIWI A3 
304 K I W I  8-1A 
305 K I W I  B-1B 
306 K I W I  8-4A 
307 K I W I  8 - 4 0  
308 K I W I  B-4E 
309 K I W I  8-4E 
310 NRX-A2 3ii NRX-AZ 

312 K I W I  (TNT) 
313 NRX-A3 
314 NRX-A3 
315 NRX-A3 
3 1 6 PHOEBUS - 1 A 
31 7 NRX-A4/EST 
31 8 NRX-A4/EST 
31 9 NRX-A4/EST 
320 NRX-A4/EST 
321 NRX-A5 
322 
323 
324 
325 
326 
327 
328 
329 
330 
33 1 

NRX-A5 
PHOEBUS- 1 B 
PHOEBUS - 1 B 
NRX-A6 
PHOEBUS-PA 
PHOEBUS-2A 
PHOEBUS-PA 
PEEWEE- 1 
XE PRIME 
XE PRIME 

6.23960E+02 
9.031 00E+01 
9.03100E+01 
1.23150E+03 

6.56800E+03 
2 .791 40E+03 
l m 9 7 0 4 0 E + 0 4  
4.351 30E+03 

KR88 SR89 

6 7 i  oooE+oO 
2 .81  400E+00 
1 . 13900E+01 
3.08200E+01 

KR85M 
6.89640E+01 
2.05250E+02 
2,05250E+02 
l m 0 6 7 3 0 E + 0 2  
3.44820E+01 
1.39570E+02 
3.77660E+02 ~ 

1 .72410E+03 1.09200E+02 
3.95200E+01 
5.72000E+00 
5.72000E+00 
7.8OOOOE+01 

4.35130E+01 2.75600E+00 6.36000E-01 
1.97040E+02 1.24800E+01 2.88000E+00 1.60800E+01 
9.85200E+01 6.24000E+00 1.44000E+00 8.04000E+00 
1.80620E+03 1.14400E+02 2.64000E+01 1.47400E+02 
9.85200E-01 6.24000E-02 1.44000E-02 8.04000E-02 
8.21000E+00 5.20000E-01 1.20000E-01 6.70000E-01 
2.21670E+03 1.40400E+02 3.24000E+01 1.80900E+02 
2.29880E+03 1.45600E+02 3.36000E+01 1.87600E+02 
9.85200E+01 6.24000E+00 1.44000E+00 

4.16000E+02 9.60000E+01 
1.76800E+02 
1.24800E+03 
2.75600E+02 

5.8291 OE+02 3 I 69200E+01 
4.1871 OE+03 2.65200E+02 
1.72410E+02 1.09200E+01 
1.88830E+04 1.19600E+03 
6.73220E+01 
4.35130E+01 

4.26400E+OO 
2.75600E+00 

SR90 
3.10800E-02 
9.25000E-02 
9.25000E-02 

Y91 
5.29200E+00 
1.57500E+01 
1.57500E+01 

1.55400E-02 2.64600E+00 
6.29000E-02 1 ,071 00E+01 
1.70200E-01 2.89800E+01 

4;8ioooE-o2 ~ . I ~ O O O E + O O  

i ;40700E+02 ~ . ~ ~ O O O E - O I  i . 3 2 3 0 0 ~ + 0 2  
5.09200E+01 2 .81  200E-01 
7.37000E+00 4.07000E-02 
7.37000E+OO 4.07000E-02 

5.55000E-01 

KR87 
4.36800E+OO 1.00800E+00 
1 .30000E+01 3.00000E+00 
1.30000E+01 3.00000E+00 
6.76000E+00 1.56000E+00 
2.18400E+00 5.04000E-01 
8.84000E+OO 2.04000E+00 
2.39200E+01 5.52000E+00 

2.52000E+01 
9.12000E+00 4.78800E+01 
1.32000E+00 6.93000E+00 
1.32000E+00 6.93000E+00 
1.80000E+01 l.O0500E+02 9,45UOOE+01 

3 .551 00E+00 1 ,961 00E-02 3.33900E+00 
8.88000E-02 1 .51200E+01 
4.44000E-02 7.56000E+00 
8.14000E-01 1.38600E+02 
4.44000E-04 7.56000E-02 
3.70000E-03 6.30000E-01 
9.99000E-01 1 .70100E+02 
1.03600€+00 1.76400E+02 

7.56000E+OO 
5.04000E+02 
2.14200E+02 
1 .51200E+03 
3.33900E+02 
4.47300E+01 
3 .21  300E+02 
1.32300E+01 
1.44900E+03 
5.16600E+00 
3 I 33900E+00 

8;oboooE+oo 4;44000E-O2 
5.36000E+02 2.96000E+00 

4.08000E+01 2.27800E+02 1.25800E+00 
2,88000E+02 1.60800E+03 8.88000E+OO 
6.36000E+01 3.55100E+02 1.96100E+00 
8.52000E+00 4.75700E+Ol 2.62700E-01 
6 I 12000E+01 3 .41  700E+02 1 ,88700E+00 
2.52000E+00 1.40700E+01 7.77000E-02 
2.76000E+02 1.54100E+03 8.51000E+00 
9.84000E-01 5.49400E+OO 3.03400E-02 
6.36000E-01 3.55100E+00 1.96100E-02 

VALUES I N  THE TABLE WERE CALCULATED ASSUMING: 
1 RELATIVE COMPUSITIONS OF ALL EFFLUENTS WERE THAT UF PHOEBUS 1B RUN 324 
2 TE132.1131, AND I 1  33 CAN BE USED TO CALCULATE TUTAL CUR1 ES RELEASED 
3 FUR A GIVEN ENGINE TYPE THE TaTAL RELEASE is PROPORTIONAL TO THE 

I NTEGRATED PUWER LEVEL ~ N L Y  

Y 93 

2.21160E+03 
3 .201 00E+02 
3 .201 00E+02 
4.36500E+03 
1.54230E+02 
6.98400E+02 
3.49200E+02 
6.40200E+03 
3.49200E+00 
2 .91  000E+01 
7.85700E+03 
8.14800E+03 
3.49200E+02 
2 : 32800E+04 
9.89400E+03 
6.98400E+04 
1.54230E+04 
2.0661 OE+03 
1 ,4841 OE+04 
6 .11  100E+02 
6.69300E+04 
2.38620E+02 
1.54230E+02 

LISTED VALUES ARE PRECISE TO A FACTOR UF TWU 



, ~ " . .~ ..... 

I 

CURIES [AFTER 12 HOURS DECAY) RELEASED FRBM NUC 

BY HARRY B a  HICKS, 
NOVEMBER 1980 

TABLE RBCKETA - - -  
UN ENG I MENAME 

301 KIWI A 
302 KIWI A PRIME 
303 KIWI A 3  
3 0 4  K lWi  B-1A 
305 KIWI B-1B 
306 KIWI 8-4A 
307 KIWI B-4D 
308 KIWI B-4E 
309 KIWI 8-4E 
310 NRX-A2 
311 NRX-A2 

313 NRX-A3 
314 NRX-A3 
315 NRX-A3 
31 6 PHOEBUS- 1 A 
31 7 NRX-A4/EST 
31 8 NRX-A4/EST 
31 9 NRX-A4/EST 
320 NRX-A4/EST 
321 NRX-A5 
322 NRX-A5 

324 PHOEBUS- 1 B 
325 NRX-A6 . 
326 PHOEBUS-2A 
327 PHOEBUS-2A 
328 PHBEBUS-2A 
329 PEEWEE-1 
330 XE PRIME 
331 XE PRIME 

ZR95 
7.728OOE-01 
2,30WOE+00 
2.300OOE+OO 
1.196OOE+OO 
3.864OOE-01 
1.564OOE+OO 
4.2320OE+OO 
1 .93200E+Ol 
6.99200E+00 
1 . 01 200E+00 
1 . 01 200E+00 
1 .38000E+01 
4.87600E-01 
2.20800E+00 
1.10400E+00 
2.02400E+Ol 
1 .10400E-02 
9.20000E-02 
2.48400E+Ol 
2.57600E+01 
1.10400E+00 
7.36000E+Ot 
3.12800E+OI 
2,20800E+02 
4.87600E+Ol 
6.53200E+OO 
4.69200E+01 
1.93200E+00 
2 . 1  1600E+02 
7.5AAOOE-01 

ZR97 
3.981 60E+01 
1 .18500E+02 
? .18500E+02 
6.16200E+01 
1.99080E+01 
8.05800E+01 
2,18040E+02 
9.95400E+02 
3.60240E+02 
5 . 2 1  400E+01 
5.21 400E+01 
7 . 1 1  000E+02 
2 .51  220E+01 
1 .13760E+02 
5.68800E+01 
1.04280E+03 
5.68800E-01 

2.51 220E+03 
3,36540E+02 
2.41 740E+03 
9.95400E+01 
1,09020E+04 
3.88680E+01 
2 .51  22UE+01 

:LEAR ROCKET 

LLNL 

MU99 
1.20960E+01 
3.60000E+01 
3.60000E+01 
1.87200E+Ol 
6.04800E+OO 
2.44800E+01 
6.62400E+01 
3.02400E+02 
1.09440E+O2 
1 .58400E+01 
1.58400E+O? 
2 . 1  6000E+02 
7.63200E+00 
3.45600E+Ol 
1.72800E+Ol 
3.16800E+02 
1.72800E-01 
1.44000E+00 
3.88800E+02 
4,03200E+02 
1.72800E+Ol 
1 .15200E+03 
4.89600E+02 
3.45600E+03 
7.63200E+02 
1.02240E+02 
7.34400E+Q2 
3.02400E+01 
3 . 3 1  200E+03 
1 . i 808oE+o1 
7.63200E+OO 

ENGINE TESTS 

RUI 03 
7.14000E-01 

VALUES I N  THE TABLE WERE CALCULATED ASSUMING: 
1 RELATIVE CBMPBSITIBNS BF A L L  EFFLUENTS WERE THAT OF PHOEBUS le. RUN 324 
2 TE132,1131,AND 1133 CAN BE USED T6 CALCULATE TOTAL CURIES RELEASED 
3 FOR A GIVEN ENOINE TYPE THE TOTAL RELEASE IS PROPBRTIUNAL TO THE 

I NTEGRATED POWER LEVEL BNLY 

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

RH1 65 
21 600E+00 
85000E+01 
85000E+O 1 
62000E+00 
10800E+00 
25800E+O 1 
40400E+O 1 
55400E+02 
62400E+O1 
14000E+00 
14000E+00 
1 1000E+02 
92200E+O0 
77600E+O1 
88000E+00 
62800E+02 
88000E-02 
40000E-01 
99800E+02 
07200E+02 
88000E+00 
92000E+02 
51 600E+02 
77600E+03 
92200E+02 
25400E+O1 
77400E+02 
55400E+01 
70200E+03 
06800E+00 
92200E+O0 

1 .  
5. 
5. 
2. 
8. 

,I 3. 
9. 
4. 
1 .  
2. 
2. 
3. 
1 .  
4 .  
2. 
4 .  
2. 
2. 
5. 
5 ,  
2. 
1 .  
6. 
4. 
1 .  
1 .  
1 .  
4 .  
4 .  
1 .  
1 .  

RU106 
68000E-02 
00000E-02 
00000E- 02 
60000E-02 
40000E-03 
40000E-02 
20000E - 02 
20000E-01 
52000E-01 
20000E- 02 
20000E - 02 
OOOOOE-01 
06000E-02 
80000E-02 
40000E-02 
40000E-01 
40000E- 0 4  
00000E-03 
40000E-0 1 
60000E - 0 1 
40000E-02 
60000E+00 
80000E-01 
80000E+00 
06000E+00 
42000E-01 
02000E+00 
20000E-02 
60000E+00 
64000E -02 
06000E - 0 2  

PD109 

4.50500E-01 
2.04000E+00 
1.02000E+00 
1.87000E+01 
1.02000E-02 
8.50000E-02 
2.29500E+Ol 
2.38000E+01 
1.02000E+00 
6.80000E+01 
2.89000E+01 
2.04000E+02 
4.50500E+01 
6.03500E+00 
4.33500E+01 
1.78500E+OO 
1.95500E+02 
6.97000E-01 
4.50500E-01 

LISTED VALUES ARE PRECISE TU A FACTOR BF TWO 



W 
03 

CURIES (AFTER 12 HOURS DECAY) RELEASED FROM NUCLEAR RUCKET ENQINE TESTS 

CUMPILED BY HARRY (3. HICKS, LLNL 
NUVEMBER 1980 

- -  TABLE RUCKETA - - -  
RUN ENQ I NENAME PD112 

301 KIWI A 
302 KIWI A PRIME 
303 KIWI A3 
304 K I W I  B - 1 A  
305 K i w i  B- ib  
306 KIWI B-4A 
307 KIWI 8 - 4 0  
308 KIWI 8-4E 
309 KIWI 8-4E 
310 NRX-A2 
311 NRX-A2 
312 KIWI (TNT) 
313 NRX-A3 
314 NRX-A3 
315 NRX-A3 
316 PHUEBUS-1A 
31  7 NRX-A4/EST 
31 8 NRX-A4/EST 
31  9 NRX-A4/EST 
320 NRX-A4/EST 
321 NRX-A5 
322 NRX-A5 
323 PHUEBUS- 1 B 
324 PHOEBUS-18 
325 NRX-A6 
326 PHUEBUS-2A 
327 PHOEBUS-PA 
328 PHOEBUS-PA 
329 PEEWEE-1 
330 XE PRIME 
331 XE PRIME 

4*42000E+00 
1 .19600E+01 
5.46000E+01 
1.97600E+01 
2.86000E+00 
2,86000E+00 
3.90000E+01 
1.37800E+00 
6.24000E+00 
3.12000E+00 
5.72000E+01 
3.12000E-02 
2.60000E-01 
7.02000E+01 
7.28000E+01 
3.12000E+00 
2.08000€+02 
8.84000E+01 
6,24000E+02 
1.37800E+02 
1.84600E+Ol 
1.32600E+02 
5.46000E+OO 
5.98000E+02 
2.13200E+00 
1.37800E+00 

3 ; 36000E+02 
7.42000E+01 
9.94000E+00 
7.14000E+01 
2.94000E+00 
3.22000E+02 
1.14800E+00 
7.42000E-01 

CD11 SM 
2.18400E-02 
6.50000E-02 
6.50000E-02 
3.38000E-02 
1.09200E-02 
4.42000E-02 
1.19600E-01 
5.46000E-01 
1.97600E-01 
2.86000E-02 
2.86000E-02 
3.90000E-01 
1 .37800E-02 
6 I 24000E- 02  
3.12000E-02 
5.72000E-01 
3.12000E-04 
2.60000E-03 
7.02000E-01 
7.28000E-01 
3.12000E-02 
2.08000E+00 
8.84000E-01 
6.24000E+00 
1 .37800E+OO 
1.84600E-01 
1.32600E+00 
5.46000E-02 
5 I 98000E+00 
2.13200E-02 
1.37800E-02 

VALUES I N  THE TABLE WERE CALCULATED ASSUMING: 
1 RELATIVE CUMPUSITIUNS OF A L L  EFFLUENTS WERE THAT UF PHOEBUS 18 RUN 324 
2 TE132, I 1 3 1  ,AND I 1  33 CAN BE USED TO CALCULATE TUTAL CURIES RELEASED 
3 FUR A QIVEN ENQINE TYPE THE TUTAL RELEASE IS PRUPURTIUNAL TU THE 

I NTEQRATED PUWER LEVEL ~ N L Y  

SN121 
7.72800E+00 
2.30000E+01 
2 I 30000E+01 
1 I 19600E+01 
3.86400E+00 
1 .56400E+Ol 

2.02400E+02 
1.10400E-01 
9.20000E-01 
2.48400E+02 
2.57600E+02 
1 .10400E+01 
7.36000€+02 
3.12800E+02 
2.20800E+03 
4.87600E+02 
6.53200E+Ol 
4.69200E+02 
1 .93200E+Ol 

SN125 
8.06400E-01 
2.40000E+00 
2.40QOOE+00 
1.24800E+00 
4.03200E-01 
l a 6 3 2 0 0 E + 0 0  
4 . 4 1  600E+00 
2 . 0 1  600E+01 
7.29600E+00 
1.05600E+00 
1.05600E+00 
1.44000E+01 
5.08800E-01 
2.30400E+00 
1 .15200E+00 
2 .11  200E+01 
1.15200E-02 
9.60000E-02 
2.59200E+01 
2.68800E+01 
1.15200E+00 
7.68000E+01 
3.26400E+01 
2.30400E+02 
5.08800E+01 
6 . 8 1  600E+00 
4.89600E+Ol 
2.01 600E+00 
2*20800E+02 
7.87200E-01 
5.08800E-01 

LISTED VALUES ARE PRECISE TU A FACTBR UF TWU 



CURIES (AFTER 12 HOURS DECAY) RELEASED FRUM NUCLEAR ROCKET ENG 

ARRY Q 
MBER 1 

NE TESTS 

W 
W 

VALUES I N  THE TABLE WERE CALCULATED ASSUMINQ: 
1 
2 TE132,1131,AND 1133 CAN BE USED TO CALCULATE TOTAL CURIES RELEASED 
3 FOR A OIVEN ENGINE TYPE THE TUTAL RELEASE is PRUPURTIUNAL TO THE 

RELATIVE CUMPOSITIONS UF ALL EFFLUENTS WERE THAT UF PHOEBUS lB, RUN 324 

I NTEGRATED POWER LEVEL ~ N L Y  

1 1133 
1.42800E+02 
4.25000E+02 
4.25000E+02 
2 . 2 1  000E+02 
7,14000E+01 
2.89000E+02 
7.82000E+02 
3.57000E+03 
;.29200E+03 
1.87000E+02 
16.87000E+02 
2.55000E+03 
9.01 000E+01 
4.08000E+02 
2.04000E+02 
3.74000E+03 
2.04000E+00 
1 .70000E+01 
4.59000E+03 
4.76000E+03 
2.04000E+02 
5.78000E+03 1.36000E+04 

4.08000E+04 
9.01000E+03 
1.20700E+03 
8.67000E+03 
3.57000E+02 
3.91000E+04 
1.39400E+02 
9.01000E+01 

I 1 3 5  XEl33 
4.06560E+Ol 9.32400E+00 
1.21000E+02 2.77500E+01 
1 .21000E+02 2.77500E+01 
6.29200E+Ol 1.44300E+Ol 
2.03280E+Ol 4.66200E+00 
8.22800E+Ol 1.88700E+01 
2.22640E+02 5.10600E+01 
1 . 01 640E+03 2.331 00E+02 
3.67840E+02 8.43600E+01 
5.32400E+Ol 1.22100E+01 
5.32400E+01 1.22100E+01 

2.56520E+Ol 5.88300E+OO 
l . l 6 1 6 0 E + 0 2  2.66400E+01 
5.80800E+Ot 1.33200€+01 
1.06480E+03 2.44200E+02 
5.80800E-01 1.33200E-01 
4.84000E+OO 1.11000E+00 
1.30680E+03 2.99700E+02 
1.35520E+03 3.10800€+02 
5.80800E+01 1.33200E+Ol 
3.87200E+03 8.88000E+02 
1.64560E+03 3.77400E+02 
1.16160E+04 2.66400E+03 

3.43640E+02 2.56520E+03 5.88300E+02 7.88100E+01 
2.46840E+03 
1 ,01640E+02 
1.11320E+04 
3.96880E+Ol 
2.56520E+01 

7.26000E+02 1.66500E+02 

5: 66100E+02 
2.331 00E+01 
2.55300E+03 
9.10200E+00 
5.88300E+00 

LISTED VALUES ARE PRECISE TU A FACTUR OF TWO 



CURIES (AFTER 12 HUURS DECAY) RELEASED FROM NUCLEAR R6CKET ENQINE TESTS 

CUMPILED BY HARRY Q .  HICKS, LLNL 
NOVEMBER 1980 

TABLE RUCKETA - - -  
301 K I W I  A 
302 K I W I  A PRIME 
303 KIWI A3 
304 K I W I  8-1A 
305 K IWI  8 - 1 8  
306 K I W I  B-4A 
307 KIWI 8-4D 
308 K I W I  B-4E 
309 K I W I  B-4E 
310 NRX-A2 
311 NRX-A2 
312 KIWI (TNTI 
313 NRX-A3 
314 NRX-A3 
315 NRX-A3 
316 PHUEBUS-1A 
31 7 NRX-A4/EST 
31 8 NRX-A4/EST 
31 9 NRX-A4/EST 
320 NRX-A4/EST 
321 NRX-A5 
322 NRX-A5 
323 PHUEBUS- 1 B 
324 PHUEBUS- 1 B 
325 NRX-A6 
326 PHUEBUS-PA 
327 PHOEBUS-PA 

UN EN0 I NENAME 

328 PHBEBUS-PA 
329 PEEWEE-1 
330 XE PRIME 
331 XE PRIME 

XE133M 
1.09200E+00 
3.25000E+00 
3.25000E+00 
1.69000E+00 
5.46000E-01 
2 .21  000E+00 
5.98000E+00 
2.73000E+01 
9.88OOOE+00 
1.43000E+00 
1.43000E+00 
l ,95000E+01 
6.89000E-01 
3.12000E+00 
1.56000E+00 
2.86000E+01 
1.56000E-02 
1.30000E-01 
3.51000E+01 
3.64000E+01 
1.56000E+00 
1.04000E+02 
4,42000E+01 
3.12000E+02 
6.89000E+01 
9.23000E+00 
6.63000E+01 
2.73000E+00 
2.99000E+02 
1.06600E+00 
6.89000E-01 

XE135 
8.82000E+00 
2.62500E+01 
2.62500E+01 
1.36500E+Ol 
4 .41  000E+00 
1.78500E+01 
4.83000E+01 
2.20500E+02 
7.98000E+01 
1 .15500E+01 
1 - 1  SSOOE+01 
1.57500E+02 
5.56500E+00 
2.52000E+01 
1.26000E+01 
2.31000E+02 
1.26000E-01 
1.05000E+00 
2.83500E+02 
2.94000E+02 
1 .26000E+01 
8.4000OE+02 
3.57000E+02 
2,52000E+03 
5.56500E+02 
7.45500E+Ol 
Sn35500E+02 
2.20500E+01 
2.41500E+03 
8 . 6 1  000E+00 
5.56500E+00 

XE135M 
5 .628WE+00  
la67500E+01  
1 .67500E+01 
8 .71  000E+00 
2 .81  400E+00 
1 .13900E+01 
3.08200E+01 
1.40700E+02 
S,09200E+01 
7.37000E+00 
7.37000E+00 
1.00500E+02 
3 .551 00E+00 
1 .60800E+01 
8.04000E+00 
1.47400E+02 
8.04000E-02 
6170000E-01 
1.80900E+02 
1.87600E+02 
8.04000E+00 
5.36000E+02 
2.27800E+02 
1.60800E+03 
3 .551 00E+02 
4 I 75700E+Ol 
3 I 41 700E+02 
1 .40700E+01 
1 ,541 00E+03 
5.49400E+00 
3 .551 00E+00 

B A l 4 0  
7.72800E+00 
2,30000E+01 
2.30000E+01 
1 .19600E+01 
3.86400E+00 
1.56400E+01 
4,23200E+Ol 
1.93200E+02 
6.99200E+01 
1 . 01 200E+01 
1 . 01 200E+01 
1.38000E+02 
4,87600E+OO 
2.20800E+01 
1 .10400E+01 
2.02400E+02 
1 ,10400E-01 
9.20000E-01 
2.48400E+02 
2.57600E+02 
1.10400E+01 
7.36000E+02 
3 . 1  2800E+02 
2.20800E+03 
4.87600E+02 
6,53200E+Ol 
4.69200E+02 
1.93200E+01 
2 . 1  1600E+03 
7.5AAOOE+00 

CEl41 
5 I 544006-01 
1.65000E+00 
1.65000E+00 
8.58000E-01 
2,772OOE-01 
1.12200E+00 
3.03600E+00 
1.38600E+01 
5 .01  600E+00 
7,26000E-01 
7.26000E-01 
9,90000E+00 
3.49800E-01 
1.58400E+00 
7,92000E-01 
1 .45200E+01 
7.92000E-03 
6.60000E-02 
1.78200E+01 
1 .84800E+01 
7.92000E-01 
5,28000E+01 
2.24400E+01 
1.58400E+02 
3.49800E+01 
4.68600E+00 
3,36600E+01 
1.38600E+00 
1 - 5 1  800E+02 
5.41200E-01 
3.49800E-01 

CEl43 
1.02480E+Ol 
3.05000E+01 
3.05000E+01 
1.58600E+Ol 
5.12400E+00 
2.07400E+01 
5 .61  200E+01 
2.56200E+02 
Q127200E+Ol 
1.34200E+Ol 
1.34200E+Ol 
l m 8 3 0 0 0 E + 0 2  
6.46600E+OO 
2.92800E+Ol 
1.46400E+01 
2.68400E+02 
1 -46400E-01 
1.22000E+00 
3.29400E+02 
3 .41  600E+02 
1.46400E+01 
9.76000E+02 

2 . 5 6 2 0 0 ~ + 0 i  
2.80600E+03 
1 .00040E+01 
6.46600E+00 

VALUES I N  THE TABLE WERE CALCULATED ASSUMING: 
1 RELATIVE CUMPUSITIUNS O F  ALL EFFLUENTS WERE THAT UF PHOEBUS 1B RUN 324 
2 TE132, I131  AND I 1 3 3  CAN BE USED TU CALCULATE TOTAL CURIES RELEASED 
3 FUR A QIVEk ENQINE TYPE THE TUTAL RELEASE is PRUPBRTIUNAL TU THE 

I NTEGRATED PUWER LEVEL ~ N L Y  

LISTED VALUES ARE PRECISE TU A FACTUR UF TWO 
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CURIES (AFTER 12 HBURS DECAY) RELEASED FROM NUCLEAR ROCKET ENGINE TESTS 

COMPILED BY HARRY 0 .  HICKS, LLNL 
NOVEMBER 1980 

PHeEBUS-2A 
PHOEBUS-PA 
PHBEBUS-PA 
PEEWEE- 1 
XE PRIME 
XE PRIME 

3.22000E-01 3340400E+00 
1.47000E+00 1'. 55400E+01 
5.32000E-01 5.62400E+00 
7.70000E-02 8.14000E-01 
7,70000E-02 8.14000E-01 
1.050OOE+OO 1.11000E+01 
3.71000E-02 3.92200E-01 

PPI1 49  
1.26000E+00 
3.750OOE+OO 

-- TABLE ROCKETA - - -  
RUN ENGINENAME CE144 

301 KIWI A 5.88000E - 02 
302 KIWI A PRIME 1.75000E-01 
303 KIWI A 3  1,75000E-01 
304 KlWl 8-1A 9.10000E-02 
305 KIWI 5-1B . 2.94000E-02 
306 KIWI B-4A 1 .19000E-01 
307 
308 
309 
31 0 1.65000E+00 
31 1 1.65000E+00 
31 2 2 I 25000E+Ol 
31 3 _ _ _  _ _  . _ _  7.95000E- 0 1 

315 NRX-A3 8.40000E-02 8.88000E-01 1.80000E+00 
31 6 PHOEBUS-1 A 1 .54000E+00 1 .62800E+Ol 3.30000E+01 
317 NRX-A4/EST 8.4OOOOE-04 8.88000E-03 1.80000E-02 
318 NRX-A4/EST 7.00000E-03 7.40000E-02 1.50000E-01 
31 9 NRX-A4/EST 1:89000E+00 1,99800E+01 4.05000E+01 

1196000E+00 2.07200E+01 4.20000E+01 
321 NRX-A5 8.40000E-02 8.88000E-01 
322 NRX-A5 5.60000E+00 5.92000E+01 
323 PHOEBUS-18 2.38000E+OO 2.51600E+07 
324 PHOEBUS- 18  1.68000E+01 1.77600E+02 
325 NRX-A6 3.71000E+00 3.92200E+OI 
326 
327 
328 
329 
330 
33 1 

314 NRX-A3 i ;680ooE-o1 i . 7 7 6 0 0 ~ + 0 0  3 . 6 0 0 0 0 ~ + 0 0  

4; 97000E-01 
3.57000E+00 
1.47000E-01 
1 .61000E+01 
5.74000E-02 
3.71000E-02 

5.25400E+09 
3.7740OE+Oi 
1.55400E+OO 
1.70200E+02 
6.06800E-01 
3.92200E-01 

3.45000E+02 
1.23000E+00 
7.95000E-01 

PM151 
8.40000E-01 
2.50000E+00 
2.50000E+00 
1.30000E+00 
4.20000E-01 
1.70000E+00 
4.60000E+00 
2.10000E+01 
7.60000E+00 
1.10000E+00 
1.10000E+00 
1 .50000E+01 
5.30000E-01 
2.40000E+00 
1.20000E+00 
2.20000E+01 
1.20000E-02 
1 ,00000E-01 
2,7OOOOE+Ol 
2.80000E+01 
1.20000E+00 
8.00000E+01 
3.40000E+01 
2.40000E+02 
5,30000E+01 
7,10000E+00 
5.10000E+01 
2.10000E+00 
2.30000E+02 
8.20000E-01 
5.30000E-01 

4.08000E-01 
1 .10400E+00 
5.04000E+00 
1.82400E+00 
2.64OOOE-01 
2.64OOOE-01 
3.6000OE+00 
1 ,27200E-01 
5.76000E-01 
2.88000E-01 
5.28000E+00 
2.88OOOE-03 
2.40000E-02 
6.48000E+OO 
6.72000E+00 
2.88OOOE-01 
1.92000E*Ol 
8 . 1  6OOOE+OO 
5.76000E+01 
1.27200E+Ol 
1.70400E+00 
l122400E+01 
5.04000E-01 
5.52000E+01 
1 ,96800E-01 
1 .27200E-01 

EU156 
2.68800E-03 
8.00000E-03 
8.00000E-03 
4.16OOOE-03 
1.34400E-03 
5.44OOOE-03 1.47200E-02 

6.72000E-02 
2.432OOE-02 
3.52000E-03 
3.52000E-03 
4 .  sooooE-oa 
1.696OOE-03 
7.68000E-03 
3.84000E - 03 
7.04OOOE-02 
3.84000E-05 
3,200QOE - 04 
8.6400OE - 02 
8.96000E-02 
3.84QOOE-03 
2.56000E-01 
1.088OOE-01 
7.68OOOE-01 
1 -69600E-01 
2.27200E - 02 
1 ,632OOE-01 
6.72000E-03 
7 I 36000E-01 
2.62400E-03 
1.69600E-03 

LISTED VALUES ARE PRECISE TO A FACTOR OF TWO 



TABLE IV-1. C a l c u l a t e d  f r a c t i o n a l  c o n t r i b u t i o n s  of i n d i v i d u a l  r a d i o n u c l i d e s  

to total  r a d i o a c t i v e  release for nuclear  rocket engine  tests. 

H a l f - l i f e  F i s s i o n  F r a c t i o n  F r a c t i o n  of 
Nuclide (days)  yield ( 8 )  re lea seda total  r e l e a s e b  

0.187 

0.0528 

0.118 

50.52 

10,592 

0.397 

0.421 

64.0 

0.799 

2.751 

39.4 

1.48 

368 

0.560 

0.875 

7.47 

2.23 

44.6 

1.33 

2.55 

3.61 

4.71 

5.86 

5.90 

6.41 

6.50 

5.86 

6.15 

3.00 

0.947 

0.391 

0.0240 

0.0183 

0.0120 

0.0116 

0.0079 

0.020 

0.020 

0.020 

0.020 

0.018 

0.017 

0.082 

0.0052 

0.120 

0.0667 

4 

0.0063 

0.012 0.291 

0.0025 

0.0025 

9.2 

0.047 

0.0020 0.014 

0.0030 

0.0040 

0.0050 

0.010 

0.050 

0.23 

8.5 

2 

0.0074 

8.5 

0.0026 

0.0014 

0.40 0.0067 

0.40 3 
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TAB= IV-1. (Continued. 1 

H a l f - l i f e  F is si on F r a c t i o n  F r a c t i o n  of 
Nuclide tdays)  y i e l d  (%) re leaseda  total  releaseb 

1.12 0.0178 

12 9 0.0220 

9.65 0.0253 

3.80 0.104 

33.4 0.119 

3.25 4.29 

8.04 2.87 

0.867 6.76 

0.274 6.34 

2.19 0.085 

5.25 1.77 

0.0104 (Qui1 1 
0.378 1.99 

11,020 6.28 

12.79 6.31 

32.5 5.70 ~ 

5 

284.4 5.42 

0.21 

0.15 

0.10 

0.062 

0.030 

0.0123 

0.0122 

0.0088 

0.002 

0.0088 

0.0088 

0.002 

0.002 

0.005 

0.005 

0.0092 
-4 10 

0.0010 

0.0059 

4 

0.0540 

0.0163 

0.170 

0.048 

0.001 

0.01 

0.025 

0.039 

-5 10 

0.0092 

6.6  x 

0.0122 

, 7 

7.4 loe4 
i 

14 
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TABLE IV-1. (Continued. ) 

Half -1if e F iss ion  Fr ac ti on Frac t ion  of 
Nuclide (days) y i e l d  (%) releaseda total  re leaseb  

14’pm 2.21 1.07 0.001 0.0015 

1.18 0.435 0.001 0.0010 151m 

1 5 3 ~ m  1.95 0.150 0.001 

156Eu 15.2 0.133 0.001 

2.4 

3.2 x 

5 r a c t i o n  released from Phoebus 1B 
bCalculated from: 

(run 324). 

Relat ive c u r i e s  (H + 12 h r )  = 

(% f i s s i o n  yield)  ( f r ac t ion  released) exp [- ( In  2)/2tlI2 ] 
1/2 

t 

Estimation of Total C u r i e s  Released 

E s t i m a t e s  of total  c u r i e s  released i n  each nuclear rocket engine tes t  

were based on t h ree  assumptions: 

0 A l l  the  nuclear rocket engine tests had the  same r e l a t i v e  proport ions 
of radionuclides i n  their e f f l u e n t s  as the  test of Phoebus I B  (run 324). 

133 , and I i n  the  engine e f f l u e n t s  are 1311 
0 Measurements of 132Te, 

representa t ive  of t h e  total radionuclide release. 

0 For a given engine type, the  t o t a l  radionuclide release is proport ional  
to t h e  in tegra ted  power l e v e l  only. 

The e f f l u e n t  clouds from some of the engine runs  had been analyzed fo r  
13 3 , and I, and the  data were ava i l ab le  to us. Our procedure 132Te , 1311 

was to estimate t h e  total cu r i e s  re leased i n  each run by t h e  following 

ca lcu la t ion  : 

Curies  + l[ C u r i e s  132Te + Curies  
curies = 7 Fract ion released Frac t ion  released Frac t ion  
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For each engine type we calculated the total curies released as a 
function of engine power level: 

Total curies released 
Power level l i  Total curies 1 

6 10 Mw*s 

With t h i s  information we were able to make estimates for engine runs i n  

which there were no radionuclide analyses of the effluents. The values are 

considered to be accurate w i t h i n  a factor of two. For such runs we estimated 
the total  curies released on the basis of the power level, us ing  the 

above-calculated value of total  curies released per lo6  MW-s for the 
particular engine type. Power levels for each run were obtained from the 
Environmental Protection Agency (EPA) publication NERC-LV-539-6, except for 

run 317, whose power level was found i n  the summary of test  data for 1966 

(pre-EPA) provided by the Pub l i c  Health Service. Our results are summarized i n  
Table IV-2. 

I 
1 
~ I 
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TABLE IV-2. Calculations of total curies of radionuclides released by nuclear rocket engine tests at NTS. 

Power level curies Calculated Curies at H + I2 hours Total curies at H + 12 hoursa 

Run Engine type 132Te 1311 1331 132Te 1311 1331 Average, (106 MW-S) Power level total curies 

30 I 
302 
303 
304 
305 

306 
307 
3ox 

309 
310 

31 I 
312 

313 
314 
315 

316 
317 
318 
319 

320 
32 I 
322 
323 

324 
32s 
.726 
327 
328 
329 
330 
33 I 

Kiwi 
Kiwi 
Kiwi 
Kiwi 
Kiwi 
Kiwi 
Kiwi 
Kiwi 
Kiwi 
N RX-A2 
NRX-A2 
Kiwi-TNT 
NRX-A3 
NRX-A3 
NRX-A3 
Phoebus I A  
NRX-A4/EST 
N RX-A4/EST 
NRX-A4/EST 
NRX-A4/EST 
NRX-AS 
NRX-AS 
Phoebus I R  

Phoebus I R  
N RX-A6 
Phoebus 2A 
Phoebus LA 
Phoebus LA 
Peewee I 
XE-Prime 
XE-Prime 

- 
- 
- 
- 
- 
- 

220 
- 
- 
- 
- 

860 

34 
120 

14.5 
- 

0.4s 
5.4 

- 

3 6 0  
77 

4400 
- 

13.000 

3400 
- 
2.WO 

99 
13.000 
s90 

14 

- 
- 
- 
- 
- 
- 

53 
- 
- 
- 
- 

I 50 
7 

37 
13 

360 
- 

2.3 
540 
460 

21 

I 1 0 0  
- 

3900 
790 
- 

nso 
36 

3500 

17 
10 

- 

2.n 
10 

3630 
4510 
IS0 

IS.wu0 
- 

42.000 
xxio 
- 
9400 

400 
I I ,000 

1 I0 

76 

- 

8 
I 0 0  
- 

67,0(MC 
I400 

n i , m  
- 

2.4X 10' 

63.000 
- 

46.000 
I no0 

1 1 ,000c 

2.4X 10' 

260' 

- 
- 
- 
- 
- 
- 

3300 
- 
- 
- 
- 
9200 
430 

2300 
xu0 

22,000 
- 
I40 

33,000 
2n,oMul 

I300 

67,000 
- 

2.4X 10' 
4x.000 
- 

52.000 
2200 

2.2x 105 

I000 
610 

- 
- 
- 
- 
- 
- 
6500 
- 
- 
- 
- 

2 I.OOO 

14OC 
2600 
IS00 
- 

16 
60 

2 I ,000 

27.000 
nxo 

93.000 
- 

2.5x 105 

49,000 
- 

55,000 
2400 

65,000' 
650 
450 

- 
- 
- 
- 
- 
- 
4600 
- 
- 
- 
- 

15.000 

530 
2400 
I200 
- 

I2 
100 

27.000 
28.000 

I200 
80,000 
- 

2.4X 105 
53,000 
- 

5 1,000 

2100 

2.3X 105 
820 
530 

0.02 - 
0.06 
0.06 - 
0.03 - 
0.01 - 
0.04 - 
0.11 42,000 
0.50 - 
0.18 - 

- 

0.30 3600b 
0.30 36oob 
0.009 - 
0.32 1700 
0.84 2800 
0.5 2400 

0.74 m 0 0 0  
0.39 31 
0.88 I10 
1.0 27,000 
1.1 25,000 
1.2 1000 
1.0 80,000 
0. I 4  - 
2.6 93,000 
4.5 I2,000 
0.63 - 
4.5 11,000 
2.5 850 
1.5 1.5x1O5 
0.42 2000 

0.34 1600 

840 
2500 
2500 
1300 
420 

1700 
4600 

21,000 
7600 
1 100 
1100 

15,000 
530 

2400 
1200 

22,000 
12 

100 
27,000 
28,000 

1200 
80.000 
34,000 
2.4X 105 
53,000 

7100 
51,000 

2100 
2.3X 1 6  

820 

530 

'Fraction of total release from Table IV-I:  132Te. 0.0540; l3'1. 0.0163; 1331, 0.170. 
'4ssumed values. 
cS'alue not included in average. 



APPENDIX v 
NUCLEAR RAMJET ENGINE TESTS 

Executable FRAMIS F i l e s  
/* NTSRELEASE, NUCLEAR RAMJET ENGINES, RAMJETESTS */ 
/* DEFINE TABLES */ 
DEF TAB RAMJET RUNNUM INT,ENQINENAPlE CHAR 10,DATE INT,FISSOUT REAL,CURIESOUT 
REAL' 
DEF +AB RAMJETl C O L l  CHAR 100; 
ADDATA RAMJET1 
< NUCLEAR RAMJET PROGRAM: RADIOACTIVITY RELEASED GIVEN 
< AS FlSSlONS AND CURIES AFTER 12 HOURS DECAY 
<" H >  

< " COMPILED BY HARRY 0 .  HICKS, LLNL 
c " NOVEMBER 1 e80 
<I' ,"; 
/*  INPUT DATA */ 
INPUT RAMJET FROM RAMJETIN; 
/ *  PRINT OUTPUT DATA, NUCLEAR RAMJET ENGINE TESTS, RAMPRINT */  
DEL TAB PE; 
DEF TAB PE C d L l  CHAR 1; 
ADDATA PE c"1"> ;  
DEL TAB LEGEND; 
DEF TAB LEGEND C O L l  CHAR 100; 
ADDATA LEGEND 
c " " > 
c"FISS1ONS AND CURIES RELEASED ARE PRECISE WITHIN 20 PERCENT">; 
UUTPUT RAMJET1 TU HSP; 
PRINT RAMJET C6L RUNNUM ENGINENAME DATE FISSOUT CURIESOUT TU HSP; 
OUTPUT LEGEND TO HSP; 
OUTPUT PE TO HSP; 

Input Card Irnases 

I A  
I A  
I A  
I A  
I C  
I C  

61 051 4 
61 0928 
61 1005 
61 1006 
64051 2 
640520 

2.00E17 43.0  
5.90E17 128 .0  
1 .09E l8  236 .0  
2.93E18 635 .0  
1.18E18 256.0 
3.42E18 741 . O  

Output Table 
NUCLEAR RAMJET PROGRAM: RADIUACTIVITY RELEASED GIVEN 

AS FISSIONS AND CURIES AFTER 1 2  HOURS DECAY 

COMPILED BY HARRY (i. HICKS, LLNL 
NUVEMBER 1980 

F I SSOUT 
2.00000E+1 
5.90000E+l 
1 .09000E+1 
2.93000E+l 
1 .18000E+1 
3.42000E+1 

7 
7 
8 
8 
8 
8 

CUR I ESOUT 
4.30000E+01 
l,28000E+02 
2,36000E+02 
6.35000E+02 
2.56000E+02 
7.41 000E+02 

I' > 
" > 
" > 
I* > 

FISSIONS AND CURIES RELEASED ARE PRECISE WITHlN 20 PERCENT 
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