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ABSTRACT 

This repor t  represents a summary o f  mast o f  the significant radio- 

l og i ca l  survei l lance data generated during the Production Tests o f  

Pro ject  Rul ison, a nuclear gas s t imulat ion experiment, detonated 

September 10, 1969, i n  Northwestern Colorado. It also includes 

data on the radiochemical and chemical qua l i t y  o f  the Rulison gas 

during the tests  and estimates o f  the quant i t ies  o f  3H, 14c 

and *03Hg released t o  the atmasphere as a r e s u l t  o f  the tests. 
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PROJECT RULISON FINAL OPERATIONAL RADIOACTIVITY REPORT 
OiJ THE PRODUCTION TESTS 

I .  Introduction 

Project  Rul ison detonated September 10, 1969, in Garfield County, 

Colorado (Figure 1 ) , i s  a j o in t  Industry-Government experiment 

designed to examine the f e a s i b i l i t y  of nuclear stimulation of hereto- 

fore  economically unrecoverable natural gas. I t  was the second natural 

gas stimulation project conducted by the A E C ,  and was the  r o s t  deeply 

buried (8,430 f e e t )  nuclear explosion ever carr ied out by the U .  S. 

The project ,  sponsored by Austral Oil Company, Inc., of Houston, Texas, 

i s  defined i n  the Project  Rulison Definition Plan prepared by CER 

Geonucl ea r  Corporation of Las Vegas, idevada . 

11. F i r s t  Production Test (High-Rate Flaring) 

The high-rate f l a r ing  program was designed to  estimate the  v a l u n ~  

of natural gas present in those areas of high permeability ivmedi- 

a t e ly  in and around the  rubble chimney created a f t e r  the explosion 

in order to estimate chimney s i ze .  I t  followed the  cal ibrat ion f la r ing  

in October (NVOO report in preparation).  The cumulative flow pr ior  to 
2 the F i r s t  Production Test was approximately 12.5 M CF (million standard 

cubic f e e t ) ,  containing 53 cur ies  of 8 5 ~ r  and approximately 54 curies 
3 of H .  Gas flow-rates s ta r ted  a t  approximately 20 M'CFD, were adjusted 

2 to about 17 M CFD and then allowed to  gradually decline t o  approximately 

12 M'CFD a t  the end of f l a r ing .  



Figure I. R O A D  Ap  C ) F  ~ O ~ " s " { - $ \ ? ~ ~ ? , ~ . % T  CCfbQn&Eja 
0 3 LO 15 
rsz!sZ=~ZP* 

S C i l i E  i w  Y t i L l  



The f l a r ing  (burning) commnced a t  2:30 p.m. (MST), October 26, and 

ended a t  2:17 p.m. (MST), November 3, 1970. The to t a l  gas flowed 

was 109 million cubic f e e t  ( M ~ c F ) ,  referenced to  sea level (14.65 ps i )  

and 60°F. 

Radioactivity released to the environment included 418 curies of 8 5 ~ r ,  

619 cur ies  of 3 ~ ,  about 0.9 curies of 14c and, approximately 0.00004 

curies of "3Hg (see Figure 2) .  Radioactivity concentrations i n  the  

natural gas ( a f t e r  the separator)  ranged from about 145 pCi/cc of 

851<r, 185 pCi/cc of 3~ and 0.35 pCi/cc of I4c a t  the  s t a r t  of f l a r ing  

3 t o  about 125 pCi/cc of 8 5 ~ r ,  160 pCi/cc of H and 0.30 pCi/cc of 14c 

a t  the end of f l a r i ng  (see Figure 3 ) .  

An extensive on-s i te  and o f f - s i t e  radiation surveil lance e f f o r t  f a i l ed  

t o  detect  any rzciioactivity other  than 3~ and 8 5 ~ r  in the environment. 

Typically, the concentrations of these isotopes in a i r  ranged from 

about OR$-lnillionth to one-100-millionth of t h e i r  concentrations i n  the 

gas. 

I 11. Second Production ---. ' lest  :.!?terirediate-Rate . -- Flaring) 

The intermediate-rate f l a d n g  program was intended to  provide informa- 

tion on the gas flow ~ l ~ a r a c t e r i r t i c s  of the Eksaverde sands stimulated 

by the explosion. The cumulative flow pr ior  t o  the Second Production 

Test was approxitnately 122 ; . I~CF,  containing 470 curies of 8 5 ~ r  and 
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680 curies of 3 ~ .  The gas flow ra te  was maintained a t  approximately 

5 M ~ C F D  unti l  the well was shut i n .  

The f la r ing  (burning) commenced a t  12:40 p.m. (MST), December 1 ,  and 

ended a t  2:03 p.m. (MST), December 20, 1971. The to ta l  gas flowed 

was 100 mill ion cubic f ee t  (M'cF), referenced to  sea level (14.65 ps i )  

and 60°F. 

Radioactivity released to  the environment included 321 curies of 8 5 ~ r ,  

385 curies of 3 ~ ,  about 0.68 curies of 14c and, approximately 0.00003 

curies of '03Hg (see Figure 2).  Radioactivity concentrations i n  the 

natural gas ( a f t e r  the separator)  ranged from about 125 pCi/cc of 

8 5 ~ r ,  150 pCi/cc of 3~ and 0.28 pCi/cc of 14c a t  the s t a r t  of f l a r ing  

t o  about 90 pCi/cc of 8 5 ~ r ,  100 pCi/cc of 3~ and 0.23 pCi/cc of 14c 

a t  the end of the Second Production Test (see Figure 3).  

An intensive on-site and of f - s i te  radiation surveil lance e f f o r t  

f a i l ed  t o  detect any project-related radioactivity other than 3~ and 

8 5 ~ r  in the environment. Typically, the  concentrations of these 

isotopes in a i r  ranged from about one-mill ionth to one-100-mil 1 ionth 

of t h e i r  concentrations in the gas. 

IV. Third Production Test (Long-Term Flaring) 

The long-term f l a r ing  program was intended to  provide informtion on 

the recovery of natural gas from outside the chimney in the fractured 

region surrounding t h e  detonation point.  



The cumulat ive f l o w  p r i o r  t o  the  T h i r d  Product ion Test  was approxi-  

mately 222 M'CF, con ta in ing  791 cu r ies  o f  85Kr and approximately 

1,330 cu r ies  o f  3 ~ .  

The f l a r i n g  (burn ing)  c o m n c e d  a t  8:40 a.m. (MST), February 2, and 

ended a t  3:00 p.m. (MDT), A p r i l  23, 1971. The gas f lowed was 228 

m i l l i o n  cubic f e e t  (M~cF) ,  referenced t o  sea l e v e l  (14.65 p s i )  and 

60°F. The t o t a l  f l o w  f o r  t h e  p r o j e c t  reached 455 M ~ C F .  

R a d i o a c t i v i t y  re leased t o  the  environment i nc luded  273 cu r ies  o f  

8 5 ~ r ,  1,491 cu r ies  o f  3 ~ ,  about 0.84 c u r i e s  o f  1 4 ~ ,  and approximately 

0.000028 c u r i e s  o f  203~g .  R a d i o a c t i v i t y  concentrat ions i n  na tu ra l  

gas ( a f t e r  the  separator)  ranged f rom about 80 pCi/cc o f  85~r, 

90 pCi/cc of 3~ and 0.19 pCi/cc o f  1 4 ~  a t  t h e  s t a r t  o f  f l a r i n g  t o  

about 2.8 pCi/cc o f  85Kr, 3.3 pCi/cc o f  3~ and 0.07 pCi/cc o f  14c 

a t  t h e  end o f  f l a r i n g  (see Figure 2) .  

The t o t a l  r a d i o a c t i v i t y  est imated t o  have been re leased t o  the  

environment dur fng  the  product ion t e s t s  inc luded 1,064 cu r ies  o f  

85~r ,  2,824 c u r i c s  o f  3H, 2.4 cu r ies  o f  14c and 0.00011 cu r ies  o f  

?03Hg (see F igure  3 ) .  A few cu r ies  o f  3 7 * 3 9 ~ r  and n a t u r a l l y  
9 

occu r r i ng  1 - 2 2 ~ n  were a lso  released w i t h  t h e  gas. 37,39Ar, lac, 

3~ and 2 0 3 ~ y  were a c t i v a t i o n  products o f  n a t u r a l l y  occu r r i ng  s t a b l e  

elements present  a3 t l ; ~  detonat ion p o i n t .  



An extensive on-si t e  and o f f - s i  t e  rad ia t ion surve i l  lance e f f o r t  

f a i l e d  t o  detect any rad ioac t i v i t y  other than 3~ and 8 5 ~ r  i n  the 

environment. Typical ly, the concentrations o f  these isotopes i n  

a i r  ranged from about a 10-mil 1 ion th  t o  100-mi 11 ion th  o f  t h e i r  

concentrations i n  the gas. 

A prel iminary analysis o f  exposure o f  members o f  the publ ic as a 

r e s u l t  o f  the en t i r e  series o f  production tests  indicated tha t  the 

maximum dose received was much less than 0.04 mrem. Work recent ly  

reported by LLL Bio Medical Div is ion indicates the actual population 

dose was about one order o f  magnitude lower (about 0.003 mrem), 

whi le the Environmental Protection Agency's Laboratory i n  Las Vegas 

estimates an even lower dose (about 0.001 mrem). 
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TABLE 11. Rulison Rad ioac t iv i ty  Release Estimates 
14  

( C d a t a  based on L W  d a t a  - ' a l l  other d a t a  from EIC) 
c3n. i n  gas based on assumed 3 ~ ;  8 5 ~ r  r a t i o  o f  1.0; 2 0 3 ~ g  based on assumed 

- -- concen t ra t ion  cbserved 1?115/7C) 
1 1 R i I U ~ ~ L V I T Y  I N  DRY GAS I TRITIUM I N  WATER & HYDROCARBONS I 1 
Tim 
INTERVAL 

g = gas, w= wate r  
v = vapor, sw = separa ted  water,  s h  = separated.hydrocarbons Note: Numerical va lues  enclosed i n  parentheses  are powers o f  ten. 

Eg: 4.1(5) - 4 . 1 ~ 1 0 ~  

To ta l s  f o r  
liigh Rate: 

[ 8 5 ~ r ~  " ~ r  [311~ 14c [ 2 0 % j ~  2 0 3 ~ g  
(pCi/cc) (Ci) (pci7ec) (Ci) (pcilm ) (11Ci) 

T o t a l  T o t a l  Gas Flaw 
c ~ x ~ ~  [ 3 ~ ~ s 1  [ 3 H ~ s h  I" 3s  o u t  (60°R 

(pCi m l )  (pCi/ml) (pCi/ml) (pCifml) (Ci) (Ci) (Ci) (EMCF) 

4 i 8  418 e0.81 140 
.- 
Grand To ta l s :  / 4 70 478 30.90 =49 1 205 683 1,150 122 

201 

Subsc i ip r  Key: 

619 1,040 109 



TABLE 111. ON-SITE RADIATION SURVEILLANCE 
ATMOSPHERIC 'SAMPLES ABOVE 'BACKGROUND (EIC) 

*Net Tritium Concentrations Atmospheric 
(pCi/nd) (pci/m3) Dilution 

Sample Collection Period (moisture) ( a i r )  Factor 

(1200, 10126 - 0404 11/4/70) Total  Samples Collected: 26 (8 were background) 
*Corrected f o r 1  pCi/ml 3~ Background a t  Access Control Van 

Note: The v a l i d i t y  of the  p ~ i / m 3  and d i lu t ion  fac to r  values has been questioned due - 
to  t h e  sampling technique. While i t  is probable tha t  the  ac tua l  concentrat ions were 
somewhat higher,  they should not  exceed these values by more than an ordey-of-magnitude. 



TABLE I V .  ON-SITE RADIATION SURVEILLANCE - ATElOSPHERIC SAMPLES ABOVE BACKGROUND 
(LRL BIO-MED) 
LPage 1 of  3) 

Sample Locat ion Net T r i t i um Concentrat ions Atmospheric 
C o l l e c t i o n  (pc i lml )  * (pci/rn3) D i l u t i o n  
Pe r iod  (mois ture )  ( a i r )  Fac to r  
10/27/70 
0842 - 1145 Area Surrounding 

Rulison f l a r e  s t a c k ,  P1 34 =21 - 7 ~ 1 0  
6 

" , P2 35 122 ~ 7 x 1 0 ~  
0848 - 1150 " , P3 19  -12 21x107 

" , P4 8.5 ~ 5 . 4  ~ 3 x 1 0 ~  
0855 - 1200 " , P5 20 -13 * l x l o 7  

" , P6 6.6 ~ 4 . 2  24x107 
0905 - 1155 AEC T r a i l e r ,  Lower 

Pad 1 3  ~ 8 . 2  ~ 2 ~ 1 0 ~  
1145 - 1503 Area Surrounding , P1 33 ?-21 2 7 x 1 0 ~  ,, Rulison f l a r e  s t a c k ,  P2 89 =56 =3x106 
1200 - 1503 " , P 3  1 4  ~ 8 . 8  =2xlo7  
1210 - 1503 " , P4 1 0  -6.3 1 2 x 1 0 ~  

I, " , P5 1 8  =11 -1x10 7 
" , P6 5.6 23.5 ~ 4 x 1 0 7  
" , P 7  3.5 ~ 2 . 2  ~ 7 x 1 0 ~  

1145 - 1510 AEC T r a i l e r ,  Lower 
Pad (A) 7.7 14.9 -3x10 7 

" (B) 7.6 ~ 4 . 8  3 3 x 1 0 ~  

10/28/70 
0719 - 1019 Area Surrounding 

Rulison f l a r e  s t a c k ,  P1 86 -16 -lX1o7 
0720 - 1021 " , P2 83  -16 c lx lo7  
0721 - 1030 " , P3 110 -21 L-7x10~ 
0722 - 1033 " , P4 9 7 ~ 1 8  -8x106 
0723 - 1033 " , P5 79 =15 - 1 ~ 1 0  7 

0724 - 1035 ,, 
" , P6 88 11 7 =8x106 

0725 - 1036 " , P7 64 212 ~ 1 ~ 1 0 ~  
1019 - 1310 " , P1 36 ~ 6 . 8  -2xlo7 
1022 - 1310 " , P2 22 ~ 4 . 2  =4x107 
1030 - 1310 " , P3 1 8  ~ 3 . 4  -4x107 
1031  - 1310 " , P 4  32 26.1 -2xlo7 
1033 - 1310 " , P5 24 24.6 =3x107 
1035 - 1310 " , P6 22 14.2 -4x107 
1037 - 1320 Near f l a r e  s t a c k ,  P7 1 0  -1.9 -8x107 
0730 - 1053 AEC T r a i l e r ,  Lower 

Pad 260 =49 =3x106 

3 
'(corrected f o r  1 pCi ln l  H Background) 

Note: The v a l i d i t y  of  t h e  p ~ i / m 3  and d i l u t i o n  f a c t o r  va lue s  has  been questioned, s i n c e  - 
t h e a b s o l u t e  humidi ty  e s t ima t e s  were based on t h e  EIC samples shown i n  Table  111. I t  
is probable  t h a t  t he  a c t u a l  concen t r a t i ons  do n o t  exceed t he se  va lue s  by more t han  an 
order-of-magnitude. 



ON-SITE RADIATION SURVEILLANCE - ATMOSPHERIC SAMPLES ABOVE BACKGROUND 

Sample '.ocation Net Tritium Concentrations Atmospheric 
Collection (pCiIml) * (p~ i /m3)  Dilution 
Period (moistureJ ( a i r )  Factor 
10129170 
0735 - 1020 Area Surrounding 

Rulison f l a r e  s t ack ,  P1 5 7 =5 2 =3x106 
0735 - 1022 " , P2 49 =45 = 3 x 1 0 ~  
0735 - 1024 I t  

" , P3 65 559 z 3 x 1 0 ~  
0735 - 1025 8 ,  

" , P4 54 =49 = 3 x 1 0 ~  
0735 - 1027 " , P5 44 -40 =4x106 
0735 - 1029 11 " , P6 48 =44 13x106 
0735 - 1031 ,I " , P7 42 ~ 3 8  ~ 4 x 1 0 6  
0730 - 1015 AEC Tra i l e r ,  Lower 

Pad 72 166 =2x106 
1315 - 10129 Near f l a r e  s tack,  B4 36 =36 =4x106 
t o  1100 - 10130 

10130170 
1100 - 1358 I t  

9 p4 30 -25 =6xlO 
6 

1105 - 1350 ,t 
3 p1 7.1 e5.8 = 3x107 

1052 - 1340 I ,  3.3 m2.7 ~ 6 x 1 0 ~  
1052 - 1345 t I, I ,  3.5 12.9 ~ 5 x 1 0 7  
1340 - 1503 Lower Pad 3.3 ~ 2 . 7  56x107 
1345 - 1508 Near f l a r e  s tack 1 .8  ~ 1 . 5  =1x108 
1350 - 1515 4 ,  

p1 4.9 r4.0 =4x107 
1400 - 1528 1 ,  P4 42 -34 ~ 4 x 1 0 6  

1326 - 1945 ,* P8 5.2 ~ 3 . 0  -5xl.0: 
1330 - 2000 P1 6.6 23.8 ~ 4 x 1 0  
1337 - 2005 AEC T r a i l e r ,  Lower 

Pad 6.0 13.5 ~ 4 x 1 0 ~  
1945, 10131 t o  
0830, 11lV70 Near f l a r e  s t ack ,  P1 5.7 
1945. 10/31 t o  

0850; 11/1/70 " P8 5.0 =5.2 13x10 7 
2010, 10131 t o  
';R33, 11/1/70 AEC T r a i l e r ,  Lower 

Pad 5.0 ~ 5 . 2  ~ 3 x 1 0  7 

* Corrected f o r  1 pc i / rn l3~  Background) 

3 Note: The v a l i d i t y  of the pCi/m and d i l u t i o n  f a c t o r  values has been questioned, s ince  - 
the  absolute humidity est imates were based on t h e  E I C  samples shown i n  Table 111. I t  
i s  probable t h a t  the ac tua l  concentrat ions do not exceed these values by more than an 
order-of-magnitude. 



TABLE 117. ON-SITE MIATION SURVEILLANCE - ATMOSPHERIC SAMPLES ABOVE BACKGROUND 
(LRL EIO OED) 

(page 3 o t  3) 

Sample Locat ion Net T r i t i um Concent ra t ions  Atmospheric 
Co l l e c t i on  (pCi/ml) * (pci/m3) D i lu t i on  
Pe r iod  (moisture)  ( a i r )  Fac tor  
11/1/70 - 
0830 - 1630 Near F l a r e  s t a c k  P1  7.2 ~ 2 . 7  2 6 ~ 2 0 '  
0903 - 1615 P4 34 213 = lXlo7  
0905 - 1815 ,I P5 1 3  ~ 4 . 8  - 3 ~ 1 0 7  
0850 - 1630 P8 6.2 -2.3 =7x107 
0833 - 1650 AEC T r a i l e r ,  Lower 

Pad 4.0 21.5 ~ 1 x 1 0 ~  
1706, 1111 
0940, 11/2/70 Near f l a r e  s t a c k  P1 28 113 - 1 ~ 1 0  

7 

1706, 11/1 t o  
P4 1 8  28.5 ~ 2 x 1 0  

7 
0931, 11/2/70 " 

0930, 11/2/70 " P8 
1705, 1111 t o  
0930. 11/2/70 AEC T r a i l e r .  Lower 

Pad 

11/2/70 
0940 - 1645 Near f l a r e  s t a c k  P1 
0930 - 1638 P4 
0930 - 1637 P5 
0930 - 1631 P8 
0930 - 1634 AEC T r a i l e r ,  Lower 

Pad 
1645, 11/2 t o  
0905, 11/3/70 Near f l a r e  s t a c k  P1 23 112 =lxlO 7 

1640, 11/2 t o  
0935, 1113 170 " P4 29 -15 =1>.10 

7 

1640, 1112 t o  
0%15, 11/3/70 " P5 13 16.9 12x10 

7 

I 'o txl  Samples Col lec ted :  80 

3 * ( ~ J r r e c t e d  f o r  1 p ~ i / m l  H Background) 

- 3 Note: The v a l i d i t y  of t he  pCi/m and d i l u t i o n  f a c t o r  v a l u e s  ha s  been ques t ioned ,  s i n c e  
t h e  a b s o l u t e  humidity e s t ima t e s  were based on t he  E I C  samples shown i n  Table 111. I t  
is probable  t h a t  t h e  a c t u a l  concen t r a t i ons  do n o t  exceed these  va lue s  by more than an 
order-of-magnitude. 



TABLE V. ON-SITE RADIATION SURVEILLANCE - SNOW AND WATER SAMPLES ABOVE BACKGROUND 
(LRL BIO-MED) 

Sample Loca t ion  Type ,of Net T r i t i um Concen t r a t i ons  
C o l l e c t i o n  Sample (pCi/ml) * 
Per iod  (moisture)  
10127170 . . , - . , . . 
0915' Near f l a r e  s t a c k  Snow 
0921 
0923 11 " , P2 
n97fi $ 8  " . P 3  

0 .8  
1 . 3  To t a l  Samples: 12 
89 (5 were background) 

10/28/70 
1121 Near f l a r e  s t a c k ,  P1 Snow (0-4" deep) 70 
1120 I ,  " , P l  " (0-1" deep) 21 
1115 AEC T r a i l e r ,  Lower Pad " (0-1" deep) 27 To t a l  Samples: 6 
1123 Near f l a r e  s t a c k  " (0-4" deep) 74 (2 were background) 

10/29/70 
1100 Near f l a r e  s t a c k ,  PI Snow (4-4"  deep) 44 T o t a l  Snow Samples: 4 
1105 11 " (=O-hn  deep) 81 To t a l  Water Samples: I 

1126 " , P5 11 23 (background) 
1330 I t  " , P7 0 30 

10/30/70 
1115 Near f l a r e  s t a c k  Snow (=0-4" deep) 
1135 AEC T r a i l e r .  Lower Pad " 

1354 Near f l a r e  ; tack 

23  To t a l  Snow Samples: 3 
10 (2 were background) 
17 

Near f l a r e  s t a c k ,  P1 
11 " . P5 

Snow (new snow) 
1, 

.. .. 

085 0 " , P8 
0835 
0834 AEC T r a i l e r ,  Lower Pad " 
1725 Near f l a r e  s t a c k ,  P1 

11/2/70 
1100 Bat t l ement  Creek 

(On-Site) water  

To t a l  snow samples:' 32 ( 9 were background) 
To t a l  water  samples:  2 (background) 

5 .9  To t a l  Samples: 1 

5.6 To t a l  Samples: 6 

- Tota l  Samples: 1 
(background) 

3 *(Corrected f o r  1 pCi/ml H background) 



TABLE VI, ON-SITE RADIATION SURVEILLANCE - SNOW SAMPLES ABOVE BACKGROUND ( E I C I  

Sample Heading and Net Tritium 
Col lect ion Distance From Flare Concentrations * 

(Degrees and Yards) (pCi/ml moisture) 

10/27/70 :360°, 20 Yards 
~ ~ 7 0 0 ,  " " 

* 
(Corrected for  Pre-flaring Background) 



TABLE VII. OFF-SITE BADIATION SURVEILANCE - ATEMSPIICRIC SCLPLES EOVZ BAXR3UNZ 

(Page 1 o f  6) 
Rad ioac t iv i ty  Concentrat ions 

Sample Loeat ion,  Heading. Organizat ion t ak ing  Net )H Net 8 5 ~ r  Atmospheric 
C o l l e c t i o n  and Dis tance  from sample b type of ( p ~ i l m l )  (pcilm3) (pcilm3f D i l u t i o n  
Per iod  f l a r e  (dexrees 6 miles)  sample ( w i s t u r e )  ( a i r )  ( a i r )  Fac to r  
10127160 
1720 - 1750 S t a t i o n  D-29. =@I0, SWRHL. Por tab le  eom- 4.6 12 4 = lo7  

= I 6  mi les  pressed a i r  sample 
1 5  30 - 1700 S t a t i o n  0-31, =90°, SWRIIL, Por tab le  6.3 1 7  - =lo7 

=17 mi les  molysieve sample 
1547 - 1717 S t a t i o n  D-33. -100' SURHL, Por tab le  7.9 23 - = 7 x 1 0 ~  

= I 6  mi les  w l y s i e v e  eample 
1432 Plume 40' ~ 1 . 0  mile  SIWL, A i r c r a f t  com- I - 1 4 0  =lo6 

( ~ 1 , 5 6 0  MSL~ pressed  a i r  sample 
1544 Plume 80' e7.5 miles  SNRHL, A i r c r a f t  com- 

(11.060 MSL$ pressed a i r  sample I - 21 ~ 5 x 1 0  6 
D- 1010. 10127 t o  Grand Valley, =300°. SWW, Fixed m l y s l e v e *  0.8 0.2 - =7xlo8 

1225, 10129170 =7.0 milea sample 
0800, 10127 t o  Clem Ranch, =320°, SWIL, Fixed m l y a i e v e  1.7 2.3 - =7xlo7 
1040, 10129170 -3.5 miles  sample 

If- 1020, 10127 t o  J a e k e t t  Ranch, =90°, Si4RHL. Fixed molysieve 0.7 1.1 - =2x108 
0840, 10129170 =17 m i l e s  sample 

n- 0755. 10127 t o  Clem Ranch. =320°. SWIUIL. F r e e z e a u t  1.2 ~ 1 . 9  - =8x107 - 
1050; 10128170 33.5 mi les  sample 

D- 0830, 10127 t o  G r i f f i t h  Ranch, =170°, SIJRHL, Freeze-out 0.9 ~ 1 . 4  - =lo8 
0730, 10128170 -11 mi les  sample 

SWRHt (10127170) TOTAL SAMPLES COLLECTED: 20 (10 were background) 

1651, 10127 t o  
0740, 10128170 S t a t i o n  D-2. =340° LRL Bio-Med, F r e e z e a u t  47 =75 - =2x106 

~ 0 . 2 5  mile  sample 
1704, 10127 t o  
0755, 10128170 s t a t i o n  D-3. - 3 4 0 ~  LRL Bio-Med. Freeze-out 29 -46 - =3x106 

=0.5 mile  s a m l e  
1653, 10127 t o  
0810. '10128170 Sca t ion  D-4. =340° LRL Bio-Ned, F z e e z e a e t  23 =37 - =4xlo6 

~ 1 . 0  mile snmple 

(LRL pCiIm3 e s t i m a t e s  based on SWRHL va lues  o f  -1.6 m11m3 t 0.3) 
(Cor rec ted  f o r  1 p c i l n l  3~ a n d l 0 p ~ i l m 3  bac'rgiodnd) 

Elaximo-. P red ic ted  
Downwind Concentration 

Day Night  
~ ~ c i / m ~ )  (ocifm3) 

= 30 n 40 

= 30 =40 

=30 = 40 

- - 

I -1nsuf f ic ienc  noiscure f o r  a n a l y s i s  
Colloquial ism f o r  molecular  s i e v e  
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TABLE V I I .  
(Page 3 of 6) 

OFF-SITE RADIATION SUXVEILLANCE - ATMOSPHERIC SAPPIES ABOVE BACKGROUND 

Sample 
Col lec t ion  
Period 
0642 - 1008 

0635 - 0950 

0630 - 0943 

0625 - 0938 

0621 - 0931 

0603 - 0912 

0611 - 0920 

0-0624 - 0935 

D-0630 - 0945 

D-0635 - 0959 

0610 - 0909 

D-605 - 0900 

0740 - 1130 

0755 - 1137 

0810 - 1143 

0818 - 1150 

0825 - 1200 

Location. Heading. 
and Distance from 
f l a r e  (degrees 6 mfles) -. . 
Sta t i on  88. =3400 
,4.5 miles 
S t a t i on  B1O.=lOO 

S t a t i on  B12.=30° 
~ 4 . 5  miles 
S t a t i o n  813, =30° 
i5.5 miles 
S t a t i on  814. =30° 
=5.5 miles 
S t a t i on  815, =40° 
=6.5 miles 
s r a r i o p  Cl, =30° 
=7.0 miles 
s t a t i o n  CZ. =oO 
=5.8 miles 
S t a t i on  C3. -340' 
-5.1 miles 
s ca t i on  C17. =40° 
= I 3  miles 
S t a t i on  C18. =40° 
=13 miles 
S t a t i on  02, 1340° 
~ 0 . 2 5  miles 
s t a t i o n  03, - 3 4 0 ~  
=0.50 miles 
S t a t i on  04, =340° 
=1.0 miles 
S t a t i on  05. =340° 
~ 1 . 5  miles 
S t a t i on  06, ~340 '  
~ 2 . 0 m i l e s  . 

Organization taking 
sample 6 type of 
sample 
LRL Bio-Ned. F r eezeau t  
sample 
LRL Bio-Ned. F r eezeau t  
sample 
LRL Bio-Med. Freere-out 
sample 
LRL Bio-Pled. F r e e r e a u t  
sample 
LRl Bio-Med, Freeze-out 
sample 
LRL Bio-Med, F r e e z e a u t  
s a o l e  
LRL Bio-Med. Freeze-out 
sample 
LRL Bio-Ned, Freeze-out 
sample 
LRL Bio-Med, Fteeze-out 
sample 
LRL Bio-Med. Freeze-out 
sample 
LRL Bio-Pled, Freeze-out 
sample . LRL Bio-Med. f r e e z e a v t  
sample 
LRl Bio-Med, Freeze-out 
sample 
LRL Bio-Med, F r eezeau t  
s a l e  

sample 
LRL Bio-Ned, freeze-out 
sample 
LRL Bio-Med, ~ rgeze -ou t  
sample 

Radioactivi ty oncentrat ions 4 Maximum Predicted Net H ~ e t ~ ~ ~ r  Atanspheric Downvind Concentration 
(pcilml) (pcilio3) ( p c i l d )  Di lu t ion  Day ~ i g h t  
( ook tu r e )  ( a i r )  ( a i r )  Factor (vcilm3) (ocilm3t 

2.2 =3.5 - =4x101 =I50 c l  

6.2 =10 - =2x107 -180 <1 

11 =17 - =9a106 =180 <1 

4.5 ~ 7 . 2  - - 2 ~ 1 0 ~  -200 ~1 

7.4 =12 - = 1 a 0 7  =120 =2 

3.6 =5.8 - =3n107 =120 =2 

3.0 -4.8 - =3x107 =lo0  =4 

0.6 r1.0 - =2x108 =lo0 =5 

0.9 r1.4 - -1~10~ =110 =3 

~ 2 . 1  - =7n10 
7 

1.3 =130 =l 

1.8 ~ 2 . 9  - ~ 5 x 1 0 ~  -50 -20 

1.3 -2.1 - =7x107 =50 ~ 2 0  

21 = 34 - ~ 4 x 1 0 ~  - - 
1 8  =29 - =5x106 - - 
8.4 =13 - =lxlo7 =I50 < 1  

3.6 35.8 - =3x107 =ZOO '1 

3.1 -5.0 - =3x107 ~ 3 0 0  < 1  



TABLE VII. 
(Pap. 4 of 6) 

Sample 
C e l l e c t i o n  
Period - 
2043 . 10128 t o  
0635, 10129170 
2045, 10128 t o  
0620, 10129170 

OFF-SITE WIATION SURVEILLANCE - ATIQSPHERIC SAMPLES ,WOVE BACKGROUND 

Maximum Pred ic ted  
Location, Heading, Organizat ion t a k i n g  Dounwind Concentrat ion 
and Distance from sample h type of Day Night 
f l a r e  (dearees 6 miles)  sample (moisture)  ( a i r )  ( a i r )  Fac to r  ( o ~ i l m 3 )  ( p ~ i l m ~ )  - 
S t a t i o n  811. 3300 LRL Bio-Ned, Freere-out 7.0 =I1 - =1x10/ =I80 4 
~ 4 . 0  mi les  sample 
S t a t i o n  813. =30° LRL Bio-Xed, Freeze-out 3.0 ~ 4 . 8  - =3x107 -120 -2 
~ 5 . 5  mi les  sample 

S t a t i o n  A12, =290° 
~ 7 . 0  mi les  
S t a t i o n  81,  =300° 
-5.0 miles  
S t a t i o n  84. 2320' 
~ 4 . 0  miles  
s t a t i o n  85, 2340" 
~ 4 . 1  m i l e s  
S t a t i o n  86. =33S0 
~ 3 . 5  miles  - 

S t a t i o n  87. 3340' 
~ 4 . 3  mi les  
S t a r i o n  88. ~ 3 4 0 0  

LRL BIO->ED (10128170) TOTAL SaPLES CQLLECTED: 32 (5  ;ere backsround) 

LRL Bio-Xed. Freeze-out 
sample 
LRL Bio-Xed, Freeze-out 
sample 
LRL Bia-bled. Freere-out 
sample 
LRL Bia-Xed, Freeze-out 
sample 
LRL Bio->!ed, Freeze-out 
~ a i n p l e  
LRL Bio--E!ed. Freene-out 
sample 
LRL Bio-Ned, F r e e z e a l t t  

~ 4 . 5  mi les  sample 
S t a t i o n  89, =0° LRL Bio-r'led, Freeze-out 1 . 0  ~ 1 . 6  - =9x107 =220 <1 
-3.4 mi les  sample 
S t a t i o n  B10, =loo LRL Bio-Ned, Freeze-out 1.5 -2.4 =6xlo7 -180 <1 
-4.0 miles  sample 
S t a t i o n  B11. =3O0 LRL Bie-Led, Freeze-out 1 .4  12.2 - =7x107 1180 <1 
-4.0 miles  sample 
s c a t i o n  BIZ. =30° LRL Bio-Ned, Freere-out 1.8 ~ 2 . 9  - =5n107 =I50  < 1  
-4.5 milea sample 
s t a t i o n  813, =30° LRL Bio-Xed. Freeze-out 3.4 =5.& - =3x107 =I20 =Z 
15.5 mi les  sample 
S t a t i o n  815, =40° LRL Bio-Xed, Freeze-out 1.2 ~ 1 . 9  - =8x107 -100 34 
26.5 miles  sample 
S t a t i o n  C14. 225" LRL Bio-?led. Freeze-out 0.9 -1.4 - = l n 1 0 ~  =60 -20 
= lo  miles sample 





L+&E V I I .  
( P a g e  6 OF 6) 

OFF-SITE RADIATION SURI'EILLANCE - ATWSPHERIC SMLPLES ABOVE BACKGROWD 

R a d i o a c t i v i t y  o n c e n t r a t i o n s  4 Maximum P r e d i c t e d  S a n p l e  L o c a t i o n .  H e a d i n g .  O r g a n i z a t i o n  c a k i n g  N e t  H N e t % =  A t m o s p h e r i c  D o w i n d  C o n c e n t r a t i o n  
C o l l e c t i o n  a n d  D i s t a n c e  from s a m p l e  6 t y p e  o f  (pc i / rn l )  (pci/rn))  (pc i /m3)  ~ i ~ u t i o n  Day N i g h t  
P e r i o d  f l a r e  ( d e ~ r e e s  6 m i l e s )  s a m p l e  ( m o i s t u r e )  (air) (air) F a c t o r  (oci/m3) (pc i lm3)  

LRL BIO-XED (10131- 1 1 / 1 / 7 0 )  TOTAL ShWLES COLLECTED: 2 8  ( a l l  were b a c k g r o u n d )  

SblRnL ( 1 0 1 3 1  - 1 1 / 2 / 7 0 )  TOTAL SANPLES COLLECTED: 7 (all  were b a c k g r o u n d )  

LRL BIO->(ED ( 1 1 / 1 / 7 0 )  TOIAL SAbLPLES COLLECTED: 1 4  (all  were b a c k g r o u n d )  

LRL BIO->ED (1112170)  TOTAL SANPLES COLLECTED: 1 4  ( a l l  were b a c k g r o u n d )  

D-1120. 1 1 1 2  to  Clem Ranch ,  =320° SWRHL, F i n e d  m o l y s i e v e  1 . 0  1 .6  - =9x107  = ZOO c l  
1 2 1 5 ,  1 1 / 4 / 7 0  =3.5 m i l e s  s a m p l e  

SIJRHL ( 1 1 1 2  - 1 1 / 4 / 7 0 )  TOTAL SAMPLES COLLECTED: 7 ( 6  were b a c k g r o u n d )  

LRL 010-hTD (1113170)  TOTAL SAWLES COLLECTED: 1 4  ( a l l  were b a c k g r o u n d )  

TOTAL SAhPLES COLLECTSD DURIRG HIGH-RATE: 

A. LF& Bio->7ed: 1 6 8  (111 were b a c k g r o u n d )  
0 .  SWRHL: 4 5  ( 2 9  were b a c k g r o u n d )  

D- p r e f i x  i n d i c a t e s  doubt fu l  i f  r e a l l y  above background; n e a r  upper range of  background samples.  Included due t o  
u n c e r t a i n t y  as t o  p r a c t i c a l  upper l i m i t  on 3~ background. 



Sample Location, Heading, Organization tak ing  Net Tr i t ium 
Col lec t ion  and Distance from sample and type  of  Levels 
Period f l a r e  ( d e ~ r e e s  6 miles)  sample 

10/26 - 11/5/70 Area Surrounding SWRHL, P r e c i p i t a t i o n  Samples: 6 ( a l l  were background) 
Rulison S i t e  " Water Samples: 31 " 

" *Urine Samples: 20 " 
" Deer Kidneys: 3 " 

" Beef Kidneys: 1 (background) 
" Hog Kidneys: 1 
" Cow Blood: 1 
" Sheep Blood: 1 

" Milk Samples: 8 ( a l l  were background) 
1400, 11/4/70 2330; 20.25 miles " Vegetation Sample: 1.9 p ~ i / m l  (1.0 pCi/gm 

wet) 
1430. 11/4/70 =?My ~ 0 . 5  miles 1.0 pCi/ml (0.47 pCi/gm 

wet) 
1600, 11/5/70 =?30q 20.25 miles 1.5 pCi/ml (0.60 pCi/gm 

wet) 
1535, 11/5/70 =330", ~ 0 . 5  miles  0.6 pCi/ml (0.30 pCi/gm 

wet) 
TOTAL SWRHL VEGETATION SAMPLES: 14 (10 were background) 

1400, 11/4/70 -330; ~ 0 . 2 5  miles " S o i l  Sample 0.50 pCi/ml (0.15 pcilgm 
wet) 

1545, 11/4/70 -330; 20.25 miles 0.60 pCi/ml (0.18 pCi/gm 
wet) 

TOTAL SWRHL SOIL SAMPLES: 14 (12 were background) 

10/27 - 11/3/70 Area Surrounding LRL Bio-Med, Water Samples 
Rulison S i t e  

TOTAL LRL BIO-MED WATER SAMPLES: 30 ( a l l  were background) 

1410, 10/28/70 S t a t i o n  07, 1 1 7 0 ~  LRL Bio-Med, Snow ( top  1") 4.9 pCi/ml 
20.25 miles 

TOTAL LRL BIO-MED SNOW SAMPLES: 9 (8  were background) 

10/26 - 11/5/70 Area Surrounding Rulison - 51 SWRHL TLD measurements ( a l l  were background) 

3 * A l l  u r ine  samples were a t  o r  below p re - f l a r ing  l e v e l s ,  but  some had e levated  H l e v e l s  
before  f l a r i n g  - i nves t iga t ion  showed they were due t o  t r i t i u m  d ia l ed  wrist watches. 
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Key: n2 - hydeogen ~ a s .  C1 =methane ,  C2 = eihane ,  C3 = propam,  Cq - buiaoa, C5-C8 = h i g h e r  hydracarbonr,  C6H6 -benzene .  c7lt8 - to luene ,  CO I carbon noooxidc 

C02 . carbon d ioxide '  Nz . n i t r o g e n  sar,  o2 -oxygen gar ,  A i  = s t a b l a  argon. 

RADIOACIIVIN (pCi/==) MSXCN. CO>lF3iI110:: (%) 

wore: v a l u e s i n  ( ) represent  the oE samples insliided i n  the mean. 

i l l  i s d I o e c i l v i ~ ~  correc ted  to t i n e  o f  sampling. A l l  EIC samples taken fr2in f l a r e  l i n e :  a l l  others f r u o  ;ellhead unless  o r h e r i t r e  noted. 

ND - not dstcc ted .  

ToLal 
Gas 
Flor.ed 
..? -. 

(rrC.,  

215 
215 

220 
220 

225 
225 
220 
225 
225 
225 

725 

--- - 

3iXr 3" 3" 3H L4C 37.39Ar 2 2 Z R n  H~ cL c2 c3 cq cis8 cgf16 C,llp CO m2 N? o2 A . 
i n  i n  c )  C I ;  ( i u i a l ;  - 

105 
'113(3) 

104 
'138(3) 

85.7 10.7 76.4 6 .0  1 . 0  94.1 0.23 - 9.8 54.0 2.67 0.66 - 3 . 3 6 -  ND 32.2 0.30 ND ND 
88 13.3 75.8 5 . 8  0.9 96 - - 10.4 52 .1  2.80 0.69 0.27 - - - ND 32.7 ND - - 

100 14.9 - I 10  0.25 - 7.7 56.0 2.77 0.70 - 0.55 - . 31.7 0 .40  - - 
100 110 
104 

130(2) 

9 1  13 .0  76.5 5 .7  0.9 96 . - - 10.2 80.3 2.67 0.70 0.24 - - - ND 32.5 ND ND - 
~ .~ -. .. . - -  

Date 

12118 

12/19 

12/20 

orp. .  merhod(r) 
of aoaly?i5 ,  
saurce o f  
saneie  

EIC, ~ a r o n - I 1 2  
EIC, o x i d i z e r  

EIC. Anton-112 
EIC. m i d i i c r  

LRL, Lab. 
OWL, Lab. 
lootopes .  Lab. 
S L ~ H L ,  Lab. 
EIC, Anion-112 
SIC, ox id i ze r  
ORNL, Lab. 

( ~ t t e i  Separator) 





-,..,: ..--- Ii. aulisc2 r\zlle;;:l.iity loleas* Escli;a:;.s 
P+ge 2 of 3 

. ----T... ' 
I 

ID.+~;G,:..::I:':-:~ :;i 3fy C(.S I .il:.i .. IT [.!AT?:: L ii?C30C.%,7;ri>S 
_I_ 

I 

8 ,  8jXr irocrl 7o:a~ GZS z;c;l I 
\y-: A:& c A:, C ~ N I -  3z, c L 4 ~ ]  Gut , x3=) 

I 
,eu - 1 

~:STPW~IL 
I I 

(~Ciic:) (Ci) (?ci?cc) (c:) (pCi1ccj (Ci) (?z.>Cil 2 

: I i 

I 
I 0800, 12/13 to,  
! 0800, 12/14/70, 119 16.8 143 20.2 0.25 0.035 12.7 1.79 
I 
! I 



Subscript Key: g = gas ,  *. - water i n  gas a f t e r  the separator, v - .rater vapor i n  gas aft?= bulk l i a u i d  traps .  

sd - deter  renloved by separator, sh - hydrocarbon condcnsatcs removed by the separator 

Totals: 
(Int .-Rate) 

- 
Grand Total  
To Date: 

Note: h'urnerical values enc lo sed  i n  parentheses are powers of ten,  e . g .  4.1(5) - 4.1~10 5 

321 385 "0.68 132 

791 863 -1.6 =8l 

265 
. . . . 

470 

650 971 99.7 
. -. -. - . - 

1,333 2,120 222 



TABLE 111. ON-S ITE KADIATION SURVEILLANCE 
ATMOSPHERIC SAMPLES AEOVE BACKGROUND (EIa 

*Net T r i t i um Concent ra t 'ons  1 Atmospheric 
(pCi/ml) ( ~ C i / m  ) D i l u t i o n  

Sample C o l l e c t i o n  Peri.od (moisture)  ( a i r )  Fac to r  - 

3 " Correc ted  f o r  1 pCi/ml H background a t  a cce s s  Cont ro l  Van. 

Note: The v a l i d i t y  of the pci/m3 and a tmospher ic  d i l u t i n n  f ac to r . va1ues  ha s  been - 
ques t ioned  due t o  the  sampling technique .  While i t  is probable  t h a t  t h e  a c t u a l  
concen t r a t i ons  were somewhat h i g h e r ,  they should n o t  exceed t h e s e  va lue s  by more 
than en order-of-magnitude. 



TABLE I V .  ON-SITE RADIATION SURVEILLANCE 
SNOW SAMPLES ABOVE BtCKGROUND (EIC) 

Heading and Distance from W e t  Trit ium Concentra t ims  
Sample C o l l e c t i o n  Period Flare  (Degrees & Yards) (pCi/ml moisture) 

360°, 20 Yards 
go0,  " " 

180°, " " 

270°, " " 

* Corrected f o r  background prior  t o  h igh-ra te  f l a r i n g .  



- -. - 
A ! .  v. OF$-SITE !L\Di.~.:'.?O!: SL'S\':;:!.;-.?CL' - II:::fiS!'!!::RIC S.:?!?:.!:S . \ : !OV5!r$C(C!: l~: ' \ ' : )  -. 

(Ycsc 1 of 3 ) * 
Z\al ioa$t ivi ty  Concentrarioos 

S;n,,lc Locarion,  E e - l i n ~ ,  Yet >il Net "XZ htzospi:eris 
CoLlecCion ad D i s t a c e  f r o 3  (pCi/ml) ( p ~ i / n 3 )  (pCi i r3)  Dilucion 
T c r i r l  -- ii.?rf ( d e ~ r e e s  6 miles) Type of Sample (zoiscure)  ( z i r )  ( a i r ?  Iliccor 

12!1170 
1935 - 2G05 S t a t i c s  511,. =340° Portable  compressed 

7 4 . 3  wiles  a i r  sample 2 = 7x10 
7 

** 
D- 1200. 11/30 t o  Clem Ranch, '340' Fixed molysieve 

1205, :2/2/70 =3.5 miles  sample 0.6 

12/3/70 (11/30 - 12/2) Tota l  Samples kol lected:  7 (5  were background) 

i).. 1955 - 2525 S t a t i on  D-11, '340° Portable  compressed 
04.3 miles a i r  sample 1.2 

(12/2 -. 1214) Tota l  Samples Collected: 10 19 were background) 

12/5/70 
0645 - 0845 S t a t i on  D-11, ~340'  Portable  molysieve 

=4.3 mi les  sample 2.6 
O i O G  - 0900 C. 9.  Pad, ' 340~  . Portable  molysievo 

- 2 . 5  xciles sample 10 

2 3  - 1 2  Total  Samples Collecred: 5 ( 3  were background). 

12/6/70 
D- 0810 - 0947 S t a t i on  D-1, =300° Portable  molysieve 

-3.5 miles sample 0.9 
D- 0800 - 0940 S t a t i o o  D-3, =310O Portable  molysieve .. " 

J.: m'.les sample 1.4 
D- 080? - 0955 S t a t i o n  5 5 .  "320° Portabie  uwlysievt 

"3.5 miles sample 1.3 
D- 0824 - 0952 S t a t i o n  D-7, " 3 3 0 ~  Portable  molysieve 

=4.7 miles  sample 0.8 
D- 0745 - 0955 S t a t i on  511, '340~  Por tab le  nmlysieve 

a4.3 miles sample 0.6 



(punoa%?=q adan S) TT :P*~:,~TTO~ sa~dmes ~10~ - (L/ZT - SIZT) 

9oIxL= 02 TI a~daes aye S~IP E '005= 
:,yua%o&:, ~J~IJXJV OE9T - 809T 

OTXZ- 0'2 9'9 S'K a~daes aye SaTF ET= *,OL= 
passaadmo:, aIqeaaod aaodayv a~3yx qanos .P E 0092 - SEST 

L0TX8= 8.K -6'0 axdues sa~.~m ST= 
anaysd-[an aTqelaod o~~= '~.'o~JTv ~TJTB . OZST - OSET -a 

LOTXZ= 6.2 5°C a~dmes S'E= 
aAaysilTm afqelaod o~t&= 'q~uq asaax 5560 - SSLO 

L0F7= Z'E. 8'1 a~dmes sa~ym g.v= 
anaysd~orn a~qeaaod ooe~- 'TI-a uo~aels 9060 - 90LO 

01x2- 8'1 1.1 a~dmes saw S'Z= 
L. a~a.lsd~w axqezaod oO'lC= 'Ped 'd '3 0260 - OZLO 

OLIL/ZT 

(punoaSy~eq aaan 7) 91 :palJaTlo3 saIh~s Tel0.t - (9/ZI - f/ZI) 

a~dws S~TT~ ip 

qea3 l~el~lrv o~tp 'esa1.7 auaua~aaea OV60 
a~doles sa-[~m 7- 

qe13 a3ea:,lyv o~~~= "IJT~~ luamnuw 2580 
a~dmes 1x8 sa~~m S-ES 

passaadmo:, aTqelaod .OOE= 'T-a uo~ae3s 9x60 - TS~O -a 

L '8 5'9 a~dmas sa~ym S'EI OL/9/ZT 'OOOT 
anaysb~cm paxyd . ,O'IE= "1J-ex 0: 7/21 'OETT 

OIx+/= 7E LT a~dmes S'Z= 
9 a~a~~d.[m aTqe2lOd oO~E, 'pea 'd '3 5E60 - SELO 
LOIXS= 'I'Z 8'0 a~dmes sa~ym 8.1~ 

aAaysilIm aTqeqrod 009~; '~ooq~s .a3 aJeTTefi SOOT - SO60 -a 
OLI9IZT 

10;s~; (;ye) (ZJU) (aanls~od) aldmes JO id&& (sa~p %> saaA4sp) azai; po~~ad 
co;anl~a u/:3dl (E~/?3d) (T"IS3d) 'ZOZ ; JJUC:SFC PLT UO;:JJ?TO~ 

~~1aqdsffd:v ZxCS  la^ 3: 2aN 'Su;?c~x *CO::CJO? 2;dz=* 
stro;=r.z-uasuo3 X:.~AT~J~O.~~EF 

Y (E JO Z PC><) 



< P a p  3 3: 3) 
Xadioafcivi ty  C0ncentra::ions * 

Sx;?:e Locarion, Beadin$. Xet $%. Net Y 5 ~ r  Atwas?hcric 
C o l i e c ~ i o n  m d  D i s r a n ~ c  fro= (pCi/nl) ( p ~ i / m 3 )  (pCi/n ) Dilu-ion 3 
P ~ z i o d  f l n r c  (dcerees  i. ?Ales) Type of sample !no.oisrure! ( a i r )  ( 3 % ~ )  7sc:or 

1020, 1216 t o  Clem Ranch, =340° Fixed molysieve sample 3.4 7.1 =.2x10i 
1025, 12/8/70 -3.5 miles 

12/8/70 R i f l e  Airport ,  -50" Portable  compressed 
1008 - 1035 -15 miles a i r  sample 1.9 4.9 = 3x10 

7 

0923 Battlement Mesa, -40° A i r c r a f t  Grab 
sample 6.9 32 42 = 4x10 

6 
12 miles 

0957 R i f l e ,  -40'. 213 miles  AircraEt Grab 
sample <2 <3  -0 

(1216 - 1218) Tota l  Samples Collected: 8 (4 were background) 

(1219 - 12/11) T o t r l  Samples Collected: 9 ( a l l  were background) 
12112170 - .  . 

D- =1000, 12/10 t o  C l e m  Ranch, -340' Fixed molysieve 
1010, 12/12/70 ~ 3 . 5  miles sample 

0625 - 0825 C. P. Pad, =340° Por tab le  molysieve 
12.5 miles sample 4.0 6.2 

D- 0610 - 0810 S t a t i on  D-11, -340' Portable  molysieve 
-4.3 miles sample 0.6 1.1 

(12k0-  12/12) Total  Samples Collected: 7 (4 were background) 
12/14/70 

1015, 12/12 t o  Clem Ranch, =340° Fixed molysieve 
1035, 12/14/70 23.5 miles sample 

1105. 12/12 t o  Duplice Ranch, =320° Fixed molysieve 
1000, 12/14/70 24.0 miles sample 

(12112 - 12/14) Tota l  Samples Collected: 5 ( 3  were background) 
12/16/70 - 1040, 12/14 t o  C l e m  Ra~ck .  =340° Fixed molysieve 
1025. 12/16/70 =3.5 miles sample 0.6 1.2 

(12114 - 12/20) Total  Samples Collected: 15 (14 were background) . 
Grand Tota l  Samples Collected: 93 (60 were background) 

* Corrected f o r  1 pCilml 3~ and 10 pCiIcc 3 5 ~ r  background. 
** Molysieve is a col loquial ism f o r  molecular s ieve .  

D- p r e f i x  i n d i c a t e s d o u b t f u l  i f  r e a l l y  above background; n e a r  upper range of  background samples. Included due 3 t o  u n c e r t a i n t i e s  as t o  p r a c t i c a l  upper l i m i t  on 21 background. 



'CABLE "1. OF];-SITE RADIATION SURVEJI.1 PSCR - ENV3l<O~STAL Sh'IPI.1:S 

Sample Net T r i t i u m  
C @ l l c c t i o n  Heading & Distance from Concentra t ions  
I 'a r jad  f l a r e  (decrees & n;ilrs) Sample Type ---.- (pCi/ml Moisture) 

( 2  - 12/11) To ta l  Fixed S t a t i o n  P r e c i p i t a t i o n  Samples Col lected:  17 
( a l l  were background) . 

1200. 12/15/70 '340°, =0.1 mile 
1245, 12/16/70 =340°, -0 .1  mile  
1250, 12/16/70 -340°, 10.25 mile 
1255, 12/16/70 -3400. "0.5 mile 
1300, 12/16/70 ~ 3 4 0 0 ,  "1.0 mile 
1315, 12/18/70 =3400, =0.1 mile  
1320, 12/18/70 =340°, '0.25 mile 
1415, 12/20/70 '340°, =0.1 m i l e  
1405, 12120170 =340°, "0.25 mile  

,1420. 12/20/70 =340°, 30.5 mile 

Snow Sample 1.3 
" 4.2 

6 .3  
3.7 
4.2 
3.2 
1.7 
6.9 
3.3 
1.4 

(12110 - 12/20/70) - Total  Snow Samples Col lected:  32 (22 were background) 

(1211 - 12/20/70)  - T o t a l  ' d a t e r  Samples C o l l e c t e d :  39 ( a l l  were  background) 

(End of F la r ing)  To ta l  Milk S a w l e s  Col lected:  9 ( a l l  were background) 
(End of Flar ing)  To ta l  Vegetation Samples Col lected:  9 ( a l l  were background) 
(End of F la r ing)  T o t a l  Urine Samples Col lected:  21 ( a l l  were background) 
(End of F la r ing)  T o t a l  Blood (animal) Samples Collected: 2 ( a l l  were back- 

ground) 

1422, 1?/20/70 =340°, =0.5 mile S o i l  Sample 2.2 (0.63 pCilgm) 
wet weight 

(End of F la r ing)  T o t a l  S o i l  ~ ~ m p l e s ~ o l l e c t e d :  12 (11 were background) 

(1211 - 12/20/70) - T o t a l  TLD's Col lected:  12 ( a l l  were background) 

Note: 18 particulate and 18 charcoal  c a r t r i d g e s  were used f o r  a i r  sampling 
a t  the  Clem Ranch (Morrisania Mesa) dur ing the  f l a r i n g .  A l l  were 
background. 
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Ea:Ot.CTIvITY ( p C i / c ~ )  I MEbilCN. COMKISITIOS (L) 

Date  
1971 
314 LFZ. ~ s b .  22 3.7 2 0  1.5 0.26 26 3.2 70.7 3.46 0.86 C 0 . 6 5 -  - 21.1 0 . 0 8  - - 3 9 0  
to EIC. S m m T  25 
315 EIC, Antoe-112 2 3  

B E .  O x i d i z e r  25  

315 BIC. S W m T  24 392 
t o  BXC. Anten-I12 2 3  
316 EIC. O x i d i z e r  2 4  

316 EIC, STALLKAT 2 3  395 
t o  E X .  Anton-112 2 3  
317 B E ,  O x i d i z e r  22 

317 E E ,  STAUKAT 22 397 
t o  B E .  Anton-112 21  
318 EIC. O x i d i z e r  2 0  . . 

.. 
318 SIC, SWLK*? 21  399 
t o  EIC. Antem-112 2 0  
319 Ere.  O x l d i z e z  2 0  

319 BE. smmr 2 0  401 
to EIC. Anton-112 2 0  
3/10 EIC, O x i d i z e r  1 9  

3/10 EIC. STULK*1 1 9  402 1 
t o  EIC, Anton-112 1 9  P 

1 7  
0 

3/11 EIC, O x i d i z e r  I 

3 /11  EIC, S W W I  I S  404  
to SIC, Aofon-112 1 7  (3 

3/12 EIC, O x i d i z e r  1 8  

3/12 EIC, S W K A ' I  1 7  406 
1 7  U, RIC, Anton-112 

1 6  3 /13  EIC, O x i d i z e r  

3/13 EIC, STAUKAT 17 408 
1 6  to E X ,  ~ n t o n - 1 1 2  

15  3/14 EIC, O x i d i r e r  

3/14 EIC, STALLUT 15  409 
15  to E E ,  Anton-112 

11 3/15 EIC, O x i d i z e r  

3/15 EIC, STALLKAT 15  411 
Lo EIC, Anton-112 15  

1 4  6 EIC, O x i d i r e r  

3/16 EIC, STAUKAT 1 4  413  

1 4  t o  EIC, Anton-112 
1 3  3/17 EIC, O x i d i z e r  

3/17 B E .  STALLEAT 1 4  414 
1 4  t o  EIC, Anton-112 

1 3  3 /18  SIC, O x i d i r e r  

Org., method(.) 
of a n a l y s i s .  
50YTCe of s 5 ~ r 3 ~  3% 3% JH 3 8  ~ ~ C ~ ~ . % ' A ~ Z Z Z ~ , : H ~  
s a n v l o  ( i n  I17)(in C l ) ( i n  C?)(in C 3 ) ( r o t a l )  ( t o t a l )  

mtal 
Gas 

c1 c2 c3 C& C~CB c6x6 c7u8 w mZ N~ O? ~r ~ 1 0 ~ 8  
(u2c~j  
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LVa:OI:LTIYITY ( ~ C i l c c )  UIEMICN. W:IPOSlTIOX (XI 

.. . . 
4/13 EIC, STALLKAT 4.3 
t o  EIC, Anton-112 6.0 
4/14 EIC, O x i d i i e r  

4/14 EIC, SIALLKAT 4.2 
t o  EIC. Anton-112 . 3.8 
6/15 ZIC, Oxid i re r  

4/15 e ~ c ,  STALLKAT 4.0 
to EIC, Anton-112 3.8 
4/16 EIC, Oxid izer  

4/16' EIC, STAUKAT 3.9 
fo EIC, ~ n c a n - 1 1 2  3.6 
4/17 HIC, Oxid izer  

4/17 EIC, STALLKAT 3.9 
fo ElC, Anton-112 3.6 
4/18 EIC. Oxid i re r  

4/18 EIC, STALLKAT 3.9 
Lo EIC, Anton-112 3.5 
4/19 EIC, Oxid izer  

4/19 EIC, STALLKAT 3.8 
to EIC, Anton-112 3.4 
4/20 HIC. Oxid izer  3.3 

4/20 EIC, STULKAT 3.7 
t o  Elc ,  Anton-112 3.2 
4/21 elc, Oxid izer  3.3 

4/21 EIC. STALLKAT 3.6 
to HIC. Anton-112 3.2 
4/22 EIC, Oxid izer  3.2 

4/22 SIC, STALLMT 3.4 
t o  elc, ~ n i o n - 1 1 2  2.9 
4/23 EIC, Oxid izer  3 . 3  

4/23 L%L, Lab. 2.58 1.26 1.85 0.23 3.34 
to O m ,  Lab. 3 .0  1.28 1.88 0.28 0.048 3.49 
3:OO O W L ,  Lab. 
p.m. ( f l a r e  Line) 

- 1.19 1.96 - - -3.3 

4/23 l a a t o p e s ,  Lsh.  2.6 1.2 7.5: 0.073 
SW(HL, Lab. 11  I 36 ? 
S m m ,  Lab. 

(L.). Separs to r )  31 ? l o  i 
BIC, Anton-112 2.9 
EIC. Oxid izer  3.3 

Key: Hz - hydrogen gse ,  C1 - menefhane, C2 - ethane, Cg - propane, C4 - butane.  C5-C8 ' h i g h e r  hydroearbona. C6H6 - benzene, C7E8 - t o l u e n e ,  CO - carbon mnoride 

COZ - carbon d iox ide ,  NZ - n i t r o g e n  gas ,  02 -oxygen  gee, AT - s t a b l e  argon. 

+mre: AII r a d i o a c t i u r i y  cor rec ted  ro t i m e  of sampling. A U  SIC samples isken from f l a r e  l i n e ;  a11 .there iron wellhead un leas  ocherwise noted.  

ND - not derecred .  

n Anton-112 reed ing  low due t o  excesrfve verer i n  chsmber (reduced e f f i e i e n e y ) .  



TABLE 11. Rulison Rad ioac t iv i ty  Release Est imates  

1 - IRADIOACT~VITV W DRY GAS TRITIUM IN WATER b HY3ROCARBONS 

Sulk Freeze Stored Bulk Freeze i t cred  
Water water Water Cond. Cond Cond, 
pCi/ml pCi/ml pCi/ml pCilml pCi/mi pCilml 

( c i )  (Ci) (Ci) (Ci) (Cif i) 

4.66(5) 3.57(5) 3.92(5) 0.655(5) 0.456(5) None 
(22.2) (0.677) 4.13(5) (0.021) (0.122) 

4.35 ( 5 )  
3.95(5) 
(15.03) 

4.41(5) 3.57(5) 3.95(5) 0.628(5) 0.456(5) None 
(21.7) (0.537) (0.15) (0.063) (0.097) 

4.48(5) 3.1315) 3.80(5) 0.770(5) 0.406(5) None 
(23.8) (0.264) (8.68) (0.085) (0.024) 

4.34(5) 3.15(5) 4.91(5) 0.777(5) 0.374(5) None 
(20.7) (0.250) 3.80(5) (0.049) (0.045) 

(2.10) 

5.0535) 3.40(5) 4.91(5) 0.697(5) 0.415(5) None 
(21.8) (0.126) 4.47(5) (0.079) (0.027) 

(11.74) 

0800, 217 77 69 5.03(5) 3 . 6 8 0 )  4.47(5) 0.758(5) 0.406(5) None 
(17.2) (15.4) (18.8) (0.358) 3.9615) (0.062) (0.045) 

(12.90) 

Page 1 of 1 0  pages 

7 

59 64 6.10 0.15 
(11.4) (12.4) (1.18) (0.029) 

4.89(5) 3.57(5) 4.35(5) 0.738(5) 0.325(5) None 
(12.8) (0.547) 5.00(5) (0.049) (0.030) 

4.71(5) 
(13.64) 
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Page 5 of 10 pages 
TABLE 11. Rulison Rad iosc t iv i ty  Release Estimates 

I RADIOACTIVITY IN DRY GAS 

I I TRITIUM I N  WATER & HYDRDCARBONS 

f IME 
WTERVAL 

1971 

Sulk Freeze Stored Bulk Freeze Stored 
Water Water water Cond. Cond Cond. 
p C i l m l  p C i l m l  p C i / m l  pCilml pCilml pCi/ml 

(Ci) (Ci) (Ci) (Ci) (Ci) ( t i )  

%I 8 5 ~ r  20%ig ' 4~ 
pCi/cc pCi/cc pCilm3 pCilcc 

(Ci) (Ci) (PC:) (Cil 

4.37(5) 4.14(5) 4.39(5) 0.809(5) 0.218(5) None 
(0.98) (0.073) 3.99(5) (0.003) (0.001) 

(13.45) 

4.13(5) 3.53(5) 4.36(5) 0.708(5) 0.179(5) None 
(0.33) (0.055) 4.12(5) (*) (*) 

3.26(5) 0.78115) 4.12(5) 0.511(5) None None 
(0.22) (0.003) 3.62(5) (0.004) 

(12.32) 

4.22(5) 3.37(5) 4.17(5) 0.532(5) 0.162(5) None 
(0.34) (0.046) 3.64(5) (0.002) (0.001) 

(11.81) 

3.61(5) 3.36(5) 3 .646)  0.543(5) 0.164(5) None 
(0.222) (0.027) 4.05(5) (0.003) (0.001) 

(13.33) 

4.18(5) 3.32(5) 4.M(5) 0.597(5) 0.199(5) None 
(0.333) (0.043) 4.05(5) (0.002) (0.001) 

3.73(5) 
(15.49) 

3.98!5) 3.39(5! 3.73(5) 0.514(5) 0.157(5) None 
(0.351) (0.011) 3.60(5) (0.004) (0.001) 

3.93(5) 3.26(5) 3.60(5) 0.586(5) 0.255(5) None 
(0.334) (0.019) 3.72(5) (0.004) (0.001) 

3.55(5) 
(18.93) 

- 

Total 
3~ 

i 

15.4 

15.8 

9.9 

13.1 

12.8 

14.2 

16.5 

11.8 

19.7 

Gas Flow 

( M ~ C F ,  

1.85 

1.79 

1.73 

1.69 

1.66 

1.61 

1.57 

1.55 

1.46 



TABLE 11. Rulison Rad ioac t iv i ty  Releast 

 RADIOACTIVITY IN DRY GAS 

TIME 43 85Kr 203Hg 14c 
:NTERVAL pCi/cc pCz/cc pci/rn3 pCi/cc 

(C1) (Ci) (pCi) (Ci) 

Estimates 

TRITIUM I N  WATER & HYDROCARBONS 

Bulk Freeze Stored Bulk fkeeze Stored 
Water Water Water Cond. Cond Cond. 
pCilml pCi/ml pCilml pCi/ml pCi/ml pCi/ml 

(Ci) (Ci) (Ci) (Ci) (Ci) (C i )  

3.38(5) 3.31(5) 3.55(5) 0.515(5) 0.192(5) None 
(0.240) ( 0.004) 4.79 (5) (0.004) (*) 

(13.26) 

4.26(5) 3.04(5) 4.79(5) 0.498(5) 0.193(5) None 
(0.270) (0.019) 3.58(5) (0.001) (*) 

3.74(5) 3.12(5) 4.45(5) 0.548(5) 0.235(5) None 
(0.242) (0.053) 4.09(5) (0.002) (0.003) 

(10.87) 

4.21(5) 3.6915) 3.98(5) 0.701(5) 0.157(5) None 
(0.210) (0.095) 4.58(5) (0.002) (0.003) 

4.76(5) 
(10.02) 

5.58(5) 3.35(5) 4.76(5) 0.735(5) 0.145(5) None 
(0.328) (0.019) 3.59(5) (0.002) (0.001) 

(11.45) 

4.08(5) 3.10(5) 3.59(5) 0.73515) 0.196(5) None 
(0.214) (0.026) 4.30(5) (0.002) (0.001) 

(12;54) 

3.51(5) 3.3215) 4.30(5) 0.527(5) 0.325(5) None 
(0.186) (0.026) 4.02(5) (0.001) (0.001) 

4.26(5) 
(8.86) 

3.45(5) 3.07(5) 4.26(5) 0.566(5) 0.152(5) None 
(0.184) (0.027) 3.29(5) (0.001) (0.001) 

(12.87) 

Page 6 of  10  pages 
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11. Rulison Rad ioac t iv i ty  Release Estimates 

LADIOACTIVITY IN DRY GAS TRITIUM I N  WATER & HYDROCARBONS 

Bulk Freeze Stored Bulk Freeze Stored 
Water Water Water Cond. Cond Cond. 
pCilrnl pCiIm1 pCi1ml pCi1ml pCilm1 pCilml 

(Cit (Ci) (Ci) (Ci) (Ci) (Ci) 

4.16(5) 2.5515) 4.45(5) 0.505(5) 0.202(5) None 
(0.288) (0.013) 3.66(5) (0.002) (*) 

(9.67) 

3.96(5) 2.75(5) 4.71(5) 0 .6076)  0.370(5) None 
(0.225) (0.011) 3.80(5) (0.001) (*) 

3.88(5) 

3.86(5) 2.95(5) 3.8815) 0.576(5) 0.17515) None 
(0.269) (0.026) 4.47(5) (0.002) (0.001) 

(8.54) 

3.59(5) 2.72(5) 4.97(5) 0.519(5) 0 .1740)  None 
(0.169) (0.032) 2.9515) (0.001) (*) 

(5.82) 

3.74(5) 3.32(5) 2.95(5) 0.714(5) 0.169(5) None 
(0.167) (0.025) 5.12(5) (0.002) (*) 

(11.26) 

4.11(5) 4.0315) 5.12(5) 0.713(5) 0.188(5) None 
(0.294) (0.028) 3.81(5) (0.002) (*) 

3.43(5) 
(9.95) 

4.16(5) 3.30(5) 3.43(5) 0.755(5) 0.195(5) None 
(0.280) (0.028) 3.87(5) (0.002) (*) 

(9.42) 

4.53(5) 1.96(5) 3.87(5) 0.694(5) 0.172(5) None 
(0.214) (0.011) 3.70(5) (0.001) (*) 

3.70(5) 
(10.03) 

- 
:umulat~ve 
Gas Flow 

~ M ~ C F )  

437.6 

438.7 

439.8 

440.8 

4L1.9 

447.9 

444.0 

465 .O 

as F10-1 

2 
!M CF) 

1.12 

1.11 

1.09 

1.00 

1.07 

1.06 

1.05 

1.13 

CUMULAT~VE DATA 

Curnulacive 
Release - - - - -- 

3 ~ ( ~ 1 t  

2,650 

2,660 

2,669 

2,678 

2,689 

2,700 

2,710 

2,720 

- - - - 
8 5 ~ r t ~ x >  

1,063 

1 ,063  

1,063 

1,063 

1,063 

1,063 

1,063 

1,064 
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Subto ta l s :  

To ta l s  t o  D 

I 11. Rulison Rad ioac t iv i ty  Relea: 

ADIOACTIVITY W DRY GAS 

Page 10  of 10  pages 
Estimates --- ~ -~ 

TRITIUM IN WATER & HYDRO'IARBONS CUMULATIVE DATA 
, 

Sulk Freeze Stored Sulk Frccze Stcred Cumula t ive 
water water water Cond. Cond Release 
pCiIm1 pCi/ml pCi/ml pCiiml pCi/ml pCilm1 3~ 

(Ci) (Ci) (Ci) (Ci) (Ci)  

Cumulative 
Gas Flow 

( M ~ C F )  

I 
rn 
W 
I 

4 42(5) 3.0015) 1.88(5) 0.522(5) 0.135(5) None 
(0.258) (0.008) 3.39(5) (0.001) (0.001) 

3.95(5) 
3.20(5) 
(11.13) 

4.05(5) 4.08(5) 3.20(5) 0.588(5) 0.182(5) None 
(0.224) (0.021) 3.45(5) (0.001) (*) 

3.39(5) 
(8.63) 

3.61(5) 2 . 9 7 0 )  J.52(5) U.>42(5) 0.177(5) None 
(0.206) (0.007) 3.48(5) (0.001) (*) 

3.38(5) 
(8.83) 

3.64(5) 1.94(5) 3.38(5) 0.530(5) 0.157(5) None 
(0.037) (0.033) 3.1315) (*) (0.001) 

(5.78) 

319 8.79 872 0.887 0.672 0.052 

I I I I I I 

11.5 

9 .0  

9.1 

5 .8  

1,491 

2,824 

0.935 

0.923 

0.908 

0.267 

233 

455 

2,800 

2,809 

2,818 

7,824 

1,064 

1,064 

1,064 

1,064 

452.8 

453.8 

454.7 

L54.9 



TAULE 111. ON-SITE RA1)IATION SURVEILLANCE 
ATMOSPHERIC SAt.IPI,ES ABOVE UACKCROilNU - (EIC) 

*Net Tritium concentrations 
(pcilmlf (pcilm3) 

Saiaplc ColLcction Period (moisture) (air) 

0800, 212 to 0800, 2/3/71 2.1 3.5 
0800, 213 to 0800, 2/4/71 7 .O 5.6. 
0800, 214 to 0800, 2/5/71 13 8 .O 
0800, 215 to 0800, 2/6/71 15 8.8 
0800, 216 to 0800, 2/7/71 25 13 
0800, 217 to 0800, 2/8/71 2 7 9.2 
0800, 218 to 0800, 2/9/71 19 3 .O 
0800', 219 to 0800, 2/10/71 45 36 
0800, 2/10 to 0800, 2/11/71 22 24 
0800, 2/11 to 0800, 2/12/71 47 45 
0800, 2/12 to 0800, 2/13/71 75 72 
0800, 2/13 to 0800, 2/14/71 14 15 
0800, 2/14 to 0800, 2/15/71 25 27 
0800, 2/15 to 0800, 2/16/71 35 49 : 

0800, 2/16 to 0800, 2/17/71 7.6 7.4 
0800, 2/17 to 0800, 2/18/71 3.8 7.3 . .  

0800, 2/18 to 0800, 2/19/71 2.5 3.9 
0800, 2/19 to 0800, 2/20/71 6.0 8.5 
0800, 2/20 to 0800, 2/21/71 6.8 6.5 
0800, 2/21 to 0800, 2/22/71 5.2 1.4 
0800, 2/22 to 0800, 2/23/71 53 14 
0800, 2/23 to 0800, 2/24/71 28 11 
0800, 2/24 to 0800, 2/25/71 24 13 
0800, 2/25 to 0800, 2/26/71 30 21 
0800, 2/26 to 0800, .2/27/71 147 72 
0800, 2/27 to 0800, 2/28/71 32 11 
0800, 2/28 to 0800, 3/1/71 192 82 
0800, 311 to 0800, 3/2/71 12 4.6 
0800, 312 to 0800, 3/3/71 38 13 
0800, 313 to 0800, 3/4/71 35 13 
0800, 314 to 0800, 3/5/71 17 19 
0800, 315 to 0800, 3/6/71 4.8 2 :7 
0800, 316 to 0800, 3/7/71 8.3 2.8 
0800, 317 to 0800, 3/8/71 28 16 
0800, 318 to 0800, 3/9/71 14 12 
0800, 319 to 0800, 3/10/71 6.6 4.7 
0800, 3/10 to 0800, 3/11/71 6.9 7.3 
0800, 3/11 to 0800, 3/12/71 6.5 8.1 
0800, 3/12 to 0800, 3/13/71 3.9 5.2 
0800, 3/13 to 0800, 3/14/71 2.1 1.9 
0800, 3/14 to 0800, 3/15/71 12 3.5 
0800, 3/15 to 0800, 3/16/71 14 14 
0800, 3/16 to 0800, 3/17/71 8.8 7.6 
0800, 3/17 to 0800, 3/18/71 18 12 
0800, 3/18 to 0800, 3/19/71 20 8.1 

Page 1 of 2 



Page 2 o f  2 

I TABLE 111. ON-SITE I7AI)IATION SURVEILLANCE 
ATEIOSPIIERIC SAliPLES ABOVE BACKGROUND (EICL 

*Net T r i t i um Concent ra t ions  
(pc i lm l )  (pci/m3) 

Sample C o l l c c t i o n  Per iod  ( n ~ o i s t u r e )  ( a i r )  

3 *Corrected f o r  1 pCi/ml of  H background i n  atmospheric  mois ture  a t  Access Con t ro l  
van. 

Note: The v a l i d i t y  of t he  p ~ i / m 3  va lue s  f o r  t h i s  r e p o r t  ha s  been ques t ioned  
due t o  sampling technique .  I t  i s  probable  t h a t  t h e  
a c t u a l  f i g u r e s  w i l l  be somewhat h ighe r ,  bu t  should n o t  exceed t he se  va lue s  by 
more than an order-of-magnitude. 



TABLE I V .  0s-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES ABOVE BACKGROUND 

(Page 1 o f  2  ) 

Sample Net T r i t i u m  C o n c e n t r a t i o n s  
C o l l e c t i o n  Type of  (pCi /ml)  
P e r i o d  L o c a t i o n  Sample ( m o i s t u r e )  

0830, 2 / 3 / 7 1  SE of  s t a c k  Snow* 
0835, 2 / 3 / 7 1  N of  s t a c k  Snow 
0840, 2 / 3 / 7 1  S  o f  s t a c k  Snow 
0845, 2 / 3 / 7 1  E  o f  s t a c k  Snow 
0850,  2 / 3 / 7 1  W o f  s t a c k  Snow 

1000,  2 / 4 / 7 1  N of  s t a c k  
1000,  2 / 4 / 7 1  S  o f  s t a c k  
1000,  2 /4 /71  E  of  s t a c k  
1000,  2 / 4 / 7 1  W of  s t a c k  

Snow 
Snow 
Snow 
Snow 

1015 ,  2 /11 /71  N of  s t a c k  Snow 
1020,  2 /11 /71  S  of  s t a c k  Snow 
1025,  2 /11 /71  E  o f  s t a c k  Snow 
1040 ,  2 /11/71 W of  s t a c k  Snow 

N of  s t a c k  
S o f  s t a c k  
E  o f  s t a c k  
W o f  s t a c k  

N o f  s t a c k  
S  o f  s t a c k  
E  o f  s t a c k  
W o f  s t a c k  

N o f  s t a c k  
S o f  s t a c k  
E  of  s t a c k  
W of  s t a c k  

0930,  2 /19 /71  SW of  s t a c k  
1345,  2 /19 /71  N o f  s t a c k  
1340, 2 /19 /71  S  o f  s t a c k  
1400,  2 /19 /71  E  o f  s t a c k  
1350,  2 /19 /71  W of  s t a c k  

0810, 2120171 N o f  s t a c k  
0800, 2 /20/71 S  of  s t a c k  
0805,  2120171 E  of s t , a c k  
0815, 2 /20 /71  W of  s t a c k  

Snow 
Snow 
Snow 
Snow 

Snow 
Snow 
snow 
Snow 

Snow 
SIIOW 
Snow 
Snow 

Snow 
Snow 
Snow 
Snow 
Snow 

Snow 
Snow 
Snow 
Snow 

1010,  2 /26 /71  N of  s t a c k  Snow 515 
1015,  2 /26 /71  S  o f  s t a c k  Snow 88 
1020,  2 /26 /71  L: o f  s t a c k  Snow 490 
1025,  2,126171 .W of  s t a c k  Snow 39 

2 /71  NE of  s t a c k  Porcup ine  160-180(123-130 pCi/gm we!) 
2 / 7 1  NE ~f s t a c k  Porcup ine  34-38(24-29 pCi/gm wet)  

Note: These an imals  g razed  d i r e c t l y  under  t h e , s t a c k  i n  an a r e a  of h i g h e s t  s u r f a c e  d e p o s i t i o n  
o f  t r i t i u m  f o r  s e v e r a l  days  b e f o r e  b e i n g  c o l l e c t e d .  



TABLE I V .  ON-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES ABOVE BACKGROUND. 

(Page 2  of 2  ) 

Sample Net Tritium Concentrations 
Collection Type of (pCi/rnl) 
Period Location Sample (Moisture) 

1035, 3/5/71 N of s t ack  Snow* 94 
1025, 3/5/71 S of s t ack  Snow 41 
1040, 3/5/71 E of s tack Snow 237 
1030, 3/5/71 W of  s tack Snow 2 6 

1105, 3/6/71 N of s tack Snow 
1120, 3/6/71 S of s tack Snow 
1110, 3/6/71 E of s t ack  Snow 
1100, 3/6/71 W of s t ack  Snow 

N of s tack 
S of s tack 
E of s t a c k  
W of s t a c k  

N of s t ack  
S of s t a c k  
E of  s tack 
W of s t ack  

N of s t ack  
S of s t ack  
E of s t ack  
IJ of s tack 

snow 
Snow 
snow 
Snow 

Snow 
Snow 
Snow 
Snow 

Snow 
Snow 
Snow 
Snow 

1050, 3/25/71 N of  s t a c k  Snow 
1040, 3/25/71 S of s t ack  Snow 
1045, 3/25/71 E of s t ack  Snow 
10.55, 3/25/71 W of s t ack  Snow 

N of s t ack  
S of s tack 
E of s tack 
iJ of s tack 

N of s t ack  
5 of s t ack  
E of s t ack  
W of s t ack  

N of s t ack  
S of s t ack  
E of s t ack  
W of s tack 

Snow 
Snow 
Snow 
Snow 

Snow 
Snow 
Snow 
Snow 

Snow 
Snow 
Snow 
Snow 

* A l l  snow samples col lec ted on a  20-yard radius around the f l a r e  s t ack  unless 
otherwise noted. 



TA.8L.E V . OFF-SITE RADIATION SURYEL1,ANCE - AlMOSPHERXC SAMPLES MOVE BACKGROUND 

(Page 1 of 10) 
Radioactivity Concentrations 

Sample Location, Heading, N e t  38 Net 8 5 ~ r  Atmospheri c 
Collection and Distance from (pcilml) (pci/m3) (pci/m3) Di lut ion 
Period --- f l a r e  [degrees & miles)  Tvpa of Sample (moisture) :air) ( a i r )  Factor ** 

D - 1050, 213 t o  Latham Ranch, = 250 O, Fixed molysieve * 0.9 0.5 ‘ 4 x lo8 
1030, 2/5/71 2 15 miles sample 

D - 1145, 213 t o  Clem Ranch, = 340°, Fixed molysieve 1.4 2 .O ‘. 1 x lo8 
1055, 2/5/71 = 3.5 miles sample 

D - 0925, 213 t o  G r i f f i t h  Ranch, = 170°, Fixed molysieve 1 .O 1.9 ‘ 1 x lo8 
0850, 2/5/71 = 11 miles sample 

(212 - 2/5/71) Total  Samples Collected: 14 (11 were background) 

Latham Ranch, = 250 ', Fixed molysieve 2.3 1 .O 
' 15 miles sample 

Grand Valley, = 300 q Fixed molysieve 2.4 1.6 
= 7.0 miles sample 

Clem Ranch, = 340 q Fixed molysieve 1.1 1 .O 
= 3.5 miles sample 

Duplice Ranch, = 320 ', Fixed molysieve 1 .O 1 .O 
= 4.0 miles sample 

Ri f l e ,  =40°,  
= 13 miles 

Fixed molysieve 0.8 1.2 
sanple 

Jacke t t  Ranch, = 90 O, Fixed molysieve 1.2 1.1 
= 17 miles sample 

G r i f f i t h  Ranch, '170 q Fixed molysieve 1.3 1.2 
= 11 miles sample 

(215 - 2/7/71) Tota l  Samples Collected: 7 (None were background) 



T I E  v. OW-SITE WXATIOM StBVEII.LANCE - ATMO$PHERIC SAblPLES ABOVE BACKGRO'IMD 

(Page 2 of 10) 
Radioactivity Concentrations 

S q l e  Location, Heading, Net 3H N e t  8kr Atmospheric 
Collection and Distance from (pCi/ml> ( p ~ f  /m3) ( P C ~ / ~ ~ B  Di lut ion 
Period f l a r e  (decrees & milesf  T w e  of S a w l e  (moisture) (air) (air) Factor  

!J - 1150, 217 t o  Grand Valley, = 300 \ Fixed molysieve 0.7 0.8 - 3 x 108 
1105, 2/9/71 = 7.0 miles sample 

D - 1.130, 7-17 t o  Clem Ranch, = 340°, Fixed molysieve 0.8 1.4 
1215, 2/9/71 = 3.5 miles sample 

- 0945, 21'7 t o  Jacke t t  Ranch, = 90°, Fixed molysieve 0.8 1.1 
0935, 2/9/71 -1 17 miles sangle 

D - 0930, 217 t o  G r i f f i t h  Ranch, = 170°, Fixed molysieve 0.7 1 .O - 2 x lo8 
0900, 2/9/71 - 11 miles sauple 

2105 t o  2305, C.P. Pad, 3340'. Portable molysieve 4.3 7 .O - 3 
2/8/71 2.5 miles sample w I 

2050 t o  2240, Sta t ion D-11, = 340') Portable molysieve 2.1 4 .O ‘ 5 lo7 
2/8/71 -4.3 miles sample 

2128 t o  2200, C.?. Pad, '340°, Portable conpressed - - L5 - 4 x lo6 
2/8/71 = 2.5 miles air sample 

(217 - 2/9/71) Total Samples Collected: 10 (2 were background. 1 had i n s u f f i c i e n t  
moisture fo r  analysis)  

D - 1115, 7-19 t o  Grand Valley, = 300°, Fixed malysieve 1 .O 1.4 
1020, 2/11/71 = 7.0 m i l e s  sample 

D - 1220, 219 t o  Clem Ranch. 340 ", Fixed molysieve 1.2 1.6 
1145, 2/11/71 = 3.5 m i l e s  sanp l e  

D - 1222, 2/9 t o  Duplice Ranch, 2 320 ', Fixed molysieve 2 .O ? .5 
1100, 2/11/71 14.0 miles saw l e  



TABLE V .  OFF-SITE RADIATION SURVEILLANCE - ATMOSPHERZC SAMPLES ABOVE BACK6RDUM) 

;:age 3 of 19 
Radfoactivity Concentrations 

Sample Locat + on, Yeading, Net 38 Net Atmospheric 
Co1Lrrtj.n and Dfstance from (pCi/ml) (pci/m3) (pCi/m ) Dilut ion 
mi.3d f l a r e  (%;;lees & mrles) Tvpe of Sample (moisture) ( a i r )  ( a i r )  Factor 

D - 0940, 219 t o  Jacket t  Ra::ch, = 90 ', Fixed molysieve 0.9 1.2 - 1 x lo8 
1015, 2/11/71 = 17 miles sanple 

D - 0915, 219 t o  G r i f f i t h  Ranch, = 170°, Fixed molysieve 0.8 1.6 - 1 ~ 1 0  
8 

1030. 2/11/71 = 11 miles sanple 

2250 t o  2320, C.P. Pad, = 340°, Portable conpressed - - 5 - 1 lo7 
2/10/71 " 2.5 miles a i r  sanple 

(219 - 2/11/72) Tota l  Samples Collected: 10 (4 were background) 

Latham Ranch, = 250 ', Fixed molysieve 1.2 0.8 
= 15 miles sample 

Grand Valley. = 300 ", Fixed molysieve 0.8 0.9 
2 7.0 miles sanple 

Clem Ranch. - 340 ", Fixed molysieve 2.4 4.5 
= 3.5 m i l e s  sanple 

Duplice Ranch, = 320°, Fixed molysieve 1 .O 1.6 
= 4.0 miles sanple 

C.P. Pad, = 340°, Portable molysieve 11 17 
= 2.5 miles sanple 

C.P . Pad, = 340 ', Portable compressed 
= 2.5 miles a i r  sample - - 11 

(2111 - 2/13/71) Total  Samples Collected:  10 (4 were background) 





TABLE V .  OFF-SITE RADIATION SURVEILLANCE - ATMOSPHERIC S N L E S  ABOVE BACK!2ROUtEl 

<Page 5 of  1 0 )  
R a d i o a c t i v i t y  Concentrp.tiona 

S-le Loca t ion ,  Heading, Net 38 ~ e t  8 5 ~ r  Atmosphcr~c  
Co l l e r  t i o n  and Dts tance  from bpCi/ml) ( p~ i /m3)  (p~i/m. ' )  D i l u t i o n  
Pe r iod  f l a r e  (dearees  & mi le s )  Type of  S e w l e  <mois ture% ( a i r )  (air) r e c t o r  

(2123 - 2/25/71) T o t a l  Samples Col lec ted :  7 (5 were background, 1 had i n s u f f i c i e n t  
moisture  f o r  a n a l y s i s )  

Clem Ranch, r: 340°, Fixed mdlysieve 0.9 1.0 
= 3.5 mi les  sample 

C.P. Pad, = 340". Po r t ab l e  molysieve 31 2 3 
= 2.5 miles sample 

S t a t i o n  D-11, = 340°. P o r t a b l e  m l y s i e v e  1.2 1.2 
I 4.3 mi les  sample 

C. P. Pad, 340°, Po r t ab l e  compressed - - 6 - 5 x l o 6  &, 
P\> = 2.5 m i l e s  a i r  sample I 

(2125 - 2/27/71) T o t a l  Samples Col lec ted :  10 ( 5  were background. 1 had i n s u f f i c i e n t  
mois ture  f o r  a n a l y s i s )  

1325, 2/27 t o  C l e m  Ranch, = 340 O, Fixed molysieve 1 .7  1.4 - 2 x lo8 
1235, 3/1/71 3.5 miles sample 

(2/27 - 3/1/71) To t a l  Samples Col lec ted :  7 (5 were background, 1 had i n s u f f i c i e n t  
mois ture  f o r  a n a l y s i s )  

Grand Val ley ,  1 300 ", Fixed rnolysieve 0 . 8  0.4 
sample 1- 7.0 miles 

C l e m  Ranch, = 340 ', Fixed molysieve 2.6 2 .3  
3 3.5 miles sample 

J a c k e t t  Ranch, ' 90°, Fixed molysieve 0.8 0 . 8  
" 1 7  miles sample 





TAB1.E V. OFT-SITE RADIATION SURVE&LANCE - A'IMSPHERIC SAMPLES ABOVE BACKGROUND 

(Page 7 of 10) 
Radioactivity Concentrations 

Sanple Location, Heading, Net 3~ Net 8$r Atmospheric 
Collection and Distance from (pCi/ml) (pci/m3) (pCi/m 1 Dilut ion 
?zric? --- f l  aref%Lrees & qi les) .  T-we of S a m l e  (mogstrtre) (air)  ( a i r )  Factor 

D - 0745, 319 to G r i f f i t h  Ranch, = 170°, Fixed molysieve 0.9 1.1 3 x lo8 
1345, 3/11/71 = 11 miles sample 

(319 - 3/11/71) Total  Samples Collected: 7 (6 were hackground) 

D - 0500 t o  0700, C.P. Psd, : 340°, Portable molysieve 0.8 1.9 
3/13/71 x 2.5 miles sample 

(3111 - 3/13/71) Total  Samples Collected: 10 (9 were background) 

C l e m  Ranch, 340 O. Fixed molysieve 1.8 1.0 
= 3.5 miles sample 

C.P. Pad, L- 340°, Portable molysieve 12 15 
= 2.5 miles sample 

Reese Residence. Portable molysieve 2.9 4.4 
= 340°, = 3.5 miles sample 

Sta t ion D-5, = 303", Portable molysieve 1.3 1.9 
= 4 miles sample 

S ta t ion  D-14. = 345O, Portable molysieve 0.6 1.2 
= 4 miles sample 

Clem Ranch, = 340°, Portable molysieve 0.8 1 .2  
= 3.5 miles sample 

Sta t ion D-35, = l l O " ,  Portable molysieve 1 . 7  2.3 
= 16 miles sample 

Sta t ion D-37. = 120°, Portable molysieve 1.2 1 . 7  
= 15 miles sample 



TABLE V. OFF-SITE RADIATION SUKVEILLANCE - ATMOSPHERIC SAMPLES ABOVE BACKGROUND 
(Rage 8 of 1 0 )  

Rad ioac t iv i ty  Concentrat ions 
S a q l e  Location,  Heading, Net 3~ Net '9 Atmospheric 
Col lec t ion  and Distance from (pCi/ml) (pci/m3) (pCi/m ) Di lu t ion  
Period - f l a r e  (degrees & miles)  Tme  o f  Sanole (moisture) (air) ( a i r )  Fac tor  

1502 to 1702, S t a t i o n  0-39, = 130°, Por table  molysieve 1.6 2.3 
31191 7 1  = 14 miles sample 

0540 t o  0915, Reese Residence. " 3409, Por table  compressed 3.2 1 8  9 - 3 x lo7  
3/19/71 = 3.5 miles a i r  sample 

= NE of f l a r e .  " 1 mile A i r c r a f t  "grab" - - 6 
(10,700' MSL) sample 

3/13 - 3/19/71) To ta l  Samples Collected: 38 (27 were background) 

Clem Ranch. = 340°, Fixed molysieve 5.3 4.0 
= 3.5 miles sampl6 

Duplice Ranch, = 320°, Fixed molysieve 0.7 0.4 
= 4.0 miles sample 

(3119 - 3/21/71) To ta l  Samples Collected:  7 (5 were background) 

(3121 - 3/27/71) To ta i  Samples Collected:  17 (Al l  were background) 

Clem Ranch, = 340°, 
= 3.5 miles 

Grand Valley, = 300°, 
= 7.0 miles 

Clem Ranch, = 340', 
= 3.5 miles 

Duplice Ranch, = 320'. 
= 4.0 miles 

Fixed molysieve 2.4 1.9 
sample 

Fixed molysieve 0.9 0.7 
sample 

Fixed molysieve 1 .8  1 .3  
sample 

Fixed molysieve 1.1 0.9 
sample 



TABLE V. OFT-SITE RADIATION SURVEIWANCE - ATMOSPHERIC SAMPLES ABOVE BAWRODND 

(Page 9 of 101 
Radioac t iv i ty  ConcentratLons 

Sample Location,  Heading, Net 38 Net Atmospheric 
Col2,ccion and Distance from (pCilml> (pci/m3) (PC% /m3> D i lu t ion  
Period f l a r e  (degre-s & miles 1 Type of Sanple (moisture) Cafr) (air) Factor  

D - 0900, 3/29 t o  R i f l e ,  = 40°, 1 3  miles Fixed molysieve 0.6 0.6 - 5 x lo8 
1035, 3/31/71 sample 

(3127 - 3/31/71) To ta l  Samples: 8 ( 3  were background) 

1110, 3/31 t o  Clem Ranch, = 3 4 0 ~ .  Fixed molysieve 3.2 1 .8  
1055, 4/2/71 = 3.5 miles sample 

1105, 412 t o  Clem Ranch, = 340 O. Fixed molysieve 2.8 1 .6  
1040, 4/4/71 = 3.5 miles sample 

1125, 412 t o  Duplice Ranch, = )?Q O, Fixe* molysieve 1.9 1.4 
1100. 4/4/71 = 4.0 miles sample 

(3131 - 4/4/71) To ta l  Samples Collected:  8 (5 were background) 

1120, 414 t o  Clem Ranch, = 340 ', Fixed molysieve 3.1 1.2 
1125, 4/6/71 13 .5  miles sample 

1130, 4 / 6 t o  Clem Ranch, = 340 q Fixed molysieve 2.9 1.7 
1130. 4/8/71 a 3.5 miles sample  

(414 - 4/8/71) To ta l  Samples Collected:  8 (6  were background) 

1130, 4/10 t o  Clem Ranch, = 340 q Fixed molysieve 1.7 0.8 
i030. 4/12/ 71 = 3.3 miles sample 

1040, 4/12 t o  Clem Ranch, : 340 q Fixed molysieve 1.8 1.2 
1040, 4/14/71 -. 3.5 miles sample 

(418 - 4/23/71) To ta l  Samples Collected:  32 (30 were background) 



TABLE V OET-SITE RADIATION SURVEILLANCE - ATMOSPHERIC SAMPLES ABOVE BACKGROUND 

{Page loof  10)  
Radioactivity Concentrations 

Sample Location, Heading, Net 3~ N e t  " ~ r  Atmospheric 
ColIection and Distance from ( p ~ ~ l r n l )  ( p ~ f  /m3) ! p ~ f / p ~ )  Dilut ion 

a i r  ( I (air) Factor  

Total Samples Collected During Flaring: 274 ( > 153 were background; 
10 had i n s u f f i c i e n t  w i s t u r e  
f o r  analys is)  

D - pre f ix  indicates  doubtful i f  r ea l ly  above background; near upper range of background samples. 
Included i n  due t o  uncertainty a s  to  p r a c t i c a l  upper l i m i t  on 3H background. 

* fiolysieve is  a colloquialism f o r  molecular s ieve .  

** Dilution fac tors  based on t o t a l  %I cur ies  released (gas + water) during each sampling. While t h i s  
was not  done i n  e a r l i e r  repor ts ,  i t  became necessary during the t h i r d  production t e s t  s i n c e  the 3~ 
i n  the water reintroduced i n t o  the f l a r e  accounted f o r  most of the t o t a l  3H released.  



TABLE V I .  OFF-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES 

(Page 1 of 4 ) 

Sample Location. Heading, Net Tri t ium 
Collection and Distance from Type of Concentrations 
Period Flare (degrees & miles) Sample (pCi/ml moisture) 

2000, 2/31 7 1  N.W. of Tes t  Well Snow - 0.1 mile 

1305, 2/5/71 N.W. of Test W e l l ,  
= 0.1  mile 

1310, 2/5/71 N.W. of Test Well, Snow 2.1 
= 0.25 mile 

1315, 2/5/71 N.W. of Test Well, Snow 
1 0.5 mile 

1250, 2/7/71 N.W.  of T e s t  Well, Snow 
z 0.1  mile 

N.W. of T e s t  Well. 
= 0.25 mile 

N.W. of Test Well, 
= 0 . 1  mile 

N.[4. of Test Well, 
= 0.25 mile 

N.W. of Test  Well, 
= 0.1  n i l e  

N.W. of Test Well, 
= 0.25 mile 

N.W. of Test  Well, 
2 0.5 mile 

N.W.  of Test  Well, 
= 0.1 mile 

N.W. o f  Test Well, 
2 0.25 mile 

N.W. of Test Well, 
0.5 mile 

N.W. of Test Well, 
= 0.1  mile 

N . W .  of Test Well, 
= 0.25 mile 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 



TABLE VI. OFF-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES 

(Page 2 of  4 ) 

Sample Location,  Heading Net Tr i t ium 
Col lec t ion  and Distance from Type of Concentrat ions 
Period F l a r e  (degrees h miles)  Sample (pCi/ml moisture) 

1055, 2/24/71 N.W. of Tes t  Well, Snow 
= 0.5 mile 

1155, 2/24/71 N.W. of Tes t  Well, Snow 
= 2 miles ( P l o t  2) 

2400, 2/28/71 N.W. of Tes t  Well, Snow 
= 0.1 mile 

2400, 2/28/71 N.W. of Tes t  Well, Snow 2.8 
= 0.25 mile 

2400, 2/28/71 N.W. of Tes t  Well, Snow 
= 0.5 mile 

2400, 2/28/71 N.W. of T e s t  Well, Snow 
= 1 mile (P lo t  1 )  

1105, 3/6/71 N.W. of Tes t  Well, Snow 
~ ' 0 . 1  mile 

1255, 3/14/71 N.W.  of Test  Well, Snow 
1 mile (P lo t  1 )  

1220, 3/16/71 N.W. of Tes t  Well, Snow 
' 0 .1  mile 

1225, 3/16/71 N.W. of T e s t  Well, Snow - 0.25 mile 

1255, 4/16/71 N.W. of Tes t  Well, Snow 
'= 0 . 1  mile 

1300, 4/18/71 N.W. of Tes t  Well, Snow 
0.25 mile 

1305, 4/18/71 N.W. of Tes t  Well, Snow 
" 0.5 mile 

1000, 4/20/71 N.W. o f  Tes t  Well, Snow - 0.1  mile 

1005, 4120171 N.W. of Tes t  Well, Snow 
' 0.25 mile 



TABLE V I .  OFF-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES 

(Page 3 of 4 ) 

Sample Locat i on ,  Heading, Net Tr i t ium 
Col lec t ion  and Distance from Type of Concentrat ions 
Period F l a r e  (degrees & miles)  Sample (pCilm1 moisture)  

1015. 4/20/71 N.W. of Tes t  Well, Snow 
= 0.5 mile 

* 1315, 4/26/71 Duplice Ranch, = 320°, Snow 
= 4 miles 

(213 - 4/26/71) To ta l  P r e c i p i t a t i o n  Samples (Snow and Rain) Collected:  221 
(188 were background) 

* Col lec ted  3 days a f t e r  t h e  end of f l a r i n g  

(212 - 4/30/71) To ta l  Water Samples Collected:  121 (Al l  were background) 
Battlement Creek: 69 
1 8  Domestic water  supp l i e s  surrounding Rulison (out  t o  a 

d i s t ance  of 15 miles) :  52 

(212 - 4/30/71) To ta l  Milk Samples Collected:  26 (Al l  were background) 
(10 Ranches ou t  t o  18  miles from Rulison S i t e )  

1020, 2/27/71 S i l t ,  = 6O0, 19 miles Vegetation sample 2.0 (0.9 pCi/gm wet) 

1105, 41281 71 N . W .  of Tes t  Well, Vegetation sample 5.9 (3.7 pCilgm wet) 
= 310". 0.25 mile 

1140, 4/28/71 N.W. o f  T e s t  Well, Vegetation sample 2.2 (0.9 pCi/gm wet) 
= 310°, - 0.5 mile 

(212 .- 4/30/71) To ta l  Vegetation Samples Collected:  19 (16 were background) 
(Out t o  19 miles from Rulison S i t e )  

1100, 4/28/71 N.W. of Tes t  Well, S o i l  Sample 5.7 (1.6 ~ c i l g m  wet) 
= 310°, = 0.25 mile 

1125, 4/28/71 N.W.  of Tes t  Well, S o i l  Sample 1 .6  (0.5 pCilgm wet) 
310°, 0.5 mile 

1100, 4/28/71 N.W.  of Test  Well, S o i l  Sample 3 3 (0.8 pCi/gm wet) 
= 310°, ' 0.25 miles 
(depth of 6 inches)  

(212 - 4130171) To ta l  S o i l  Samples Col lec ted:  17 (14 were background) 
(Out t o  19 miles from Rulison S i t e )  



TABLE VI. OFF-SITE RADIATION SURVEILLANCE - ENVIRONMENTAL SAMPLES 

(Page 4 of  4 ) 

Sample Location, Heading, Net Tri t ium 
Collection and Distance from Type of Concentrations 
Period Flare  (dezrees & miles) Sample ( ~ C i l m l  moisture) 

(212 - 4/30/71) Tota l  Urine Samples Collected: 60 (All were background)* 
(Collected from 20 res idents  out  t o  20 miles from Rulison 
S i t e )  

* Some elevated l e v e l s  were observed but were determined t o  be from t r i t i u m  
dia led  w r i s t  watches; no increases were a t t r i b u t a b l e  t o  Rulison f l a r ing .  

(2/2 - 4/30/71) Tota l  Animal. Samples Collected: 8 (All were background) - Blood Samples (sheep and c a t t l e :  6 (within 5 miles of 
~ u l i s o n -  S i t e )  - Deer Tissue (road-kil ls) :  2 (within - 10 miles of Rulison 
S i t e )  

(212 - 4130171) Thermoluminescent Dosimetry (TLD) : 36 (All were background) 

. . 

NOTE: All t r i t i u m  concentrat ions were correctkd for. i pCi/ml moisture. 
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