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Foreword to Revision 2 

This third edition of the Gas Quality P rogram data tabulation for Gasbuggy con

tains resul ts for the 105 samples received by LRL through March 1971. Results for 

samples No. 76 through 105 a re presented here for the first t ime. These additional 

data cover the las t 2 mo of the extended-flow production test of the GB-ER nuclear 

chimney well (September and October 1969), the 2-wk open-flow or blowdown period 

ending in the second week of November 1969, and the first 15 mo of the ensuing shut-

in period. 

At the suggestion of the El Paso Natural Gas Company, we a re including in this 

tabulation total gaseous tr i t ium and krypton-85 concentration resul ts for 31 additional 

samples . These samples were analyzed by Teledyne Isotopes under contract to El 

Paso Natural Gas. 

Also included in this tabulation a re the resul ts of an attempt to detect the p r e s 

ence of nongaseous p-ray-emit t ing radionuclides on particulate mat ter being carr ied 

by the gas s t ream during the open-flow testing in November 1969, Compared with 

previous investigations, the negative resul ts obtained suggest a significant reduction 

in the upper-l imit amounts of these nuclides associated with Gasbuggy gas. 

Some minor correct ions have been made in previously published data as a result 

of our continuing effort to improve the overall quality of the tabulated resul t s . 

Our present plans are to continue sampling at monthly intervals from the shut-in 

GB-ER well. When sufficient information becomes available from analyses of these 

samples, a third revision of this report will be issued. 
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PROJECT GASBUGGY 
GAS QUALITY ANALYSIS AND EVALUATION 

PROGRAM TABULATION OF RADIOCHEMICAL 
AND CHEMICAL ANALYTICAL RESULTS 

Abstract 

In the past, analytical resul ts for sam

ples of Project Gasbuggy chimney gas have 

been distributed to project participants 

and the interested public in various ways. 

This tabulation is an attempt to summarize 

all of the previous resu l t s with a consis

tent up-to-date listing of samples, radio

nuclide concentrations, and chemical 

analysis resul ts and, at the same t ime, 

provide a vehicle for distributing these 

resu l t s . The listing includes the descr ip

tion and the disposition of all samples 

obtained for analysis at the Lawrence 

Radiation Laboratory following the Gas

buggy detonation. Radiochemical resu l t s 

The Gas Quality Analysis and Evalu

ation program for Project Gasbuggy is an 

active investigation of both the degree of 

radionuclide contamination and the post-

detonation chemistry of the gas in the nu

clear chimney. A significant body of 

information has already been amassed. 

The program participants a re presently 

evaluating these data, a s well a s continu

ously analyzing additional samples. The 

distribution of these resu l t s to project 

participants and interested public has been 

expressed as concentrations in chimney 

or formation gas are given for Kr, HT, 

HTO, CH3T, CgH^T, C3H,^T, ^^COg, 

Ar and Ar. Upper l imits for the 

concentrations of several nongaseous or 

semivolatile nuclides are presented. The 

tabulation also includes the percentages of 

Ng, COg, CO, H2, CH^, CgHg and CgHg 

in the sample gas as determined by mass 

spectrometry. 

We intend to update this report as addi

tional resul ts and samples are obtained, 

and to re i s sue it periodically as a contin

uing se r i e s of revisions bearing the same 

report number. 

accomplished by various means in the past; 

however, none of these ways have been com

pletely satisfactory. This tabulation, then, 

has two pr imary purposes. F i r s t , it a s 

sembles the analytical resul ts in a single 

document with enough additional informa

tion to permit interpretation of their sig

nificance. And second, it provides a means 

for general distribution of the resul ts in 

advance of the final program repor ts . 

By the nature of the Gasbuggy experi

ment, there can be no definitive conclusion 

Introduction 
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of the project in the near future. Produc

tion testing and chimney flaring exper i 

ments a re scheduled for at least the next 

several months. Therefore, this tabulation 

will be up-dated periodically to reflect 

this continuing program and to provide a 

current listing of the resu l t s of analyses 

for samples yet to be obtained. In addi

tion, samples presently on-hand may be 

re-analyzed or additional determinations 

may be made as required by the evalu

ation program. The resul ts of such anal

yses will appear in forthcoming revised 

editions of this tabulation. 

The majority of samples were obtained 

simply by connecting an evacuated sample 

bottle to the existing blow-down equipment 

at the well head. Sufficient gas was r e 

leased to flush the well pipe before the 

sample was snapped. Typical sample 

p res su res ranged from 15 to 25 psig in 

either 8-liter or 0.8-li ter sample bulbs. 

Ear ly in the postshot program several 

samples were obtained by lowering an 

evacuated sampling system on a wire rope 

to depths of 3820 ± 70 ft.'^ The bottle was 

allowed to reach ambient tempera ture , 

remotely opened, r e closed, and then with

drawn. Sample p re s su re s were on the 

order of formation pressiure, total sample 
3 

volumes ranged between 2 and 3 ft . 
A sufficient number of samples have 

been analyzed to satisfy the requirements 
2 

of the program's major goals. An ap
proximately equal number of samples have 
been collected and stored for possible 
analyses or to serve as historical speci
mens. Port ions of the analyzed samples 

This repor t consists of four sections. 

The first section l i s ts all samples obtained 

for analysis at the Lawrence Radiation 

Laboratory and provides information per

taining to their disposition and significance 

in the general Gasbuggy program. Radio

chemical resu l t s for krypton-85, t r i t ium 

and carbon-14 appear next, followed by 

resu l t s of chemical analyses for major 

constituents. The last section summarizes 

a number of resu l t s which a re important 

to the gas quality program but do not fit 

the tabulations of resu l t s presented in 

other sections. 

have been s imilar ly stored. These h i s 

tor ical samples will either be retained or 

analyzed at some la ter t ime to satisfy the 

requirements of the evaluation program. 

In addition to determining the rad io

nuclide concentrations and chemical com

position of the gas, several samples were 

passed through charcoal f i l ters . These 

were subjected to gamma spectroscopy in 

an attempt to identify nongaseous nuclides 

being carr ied by the gas. This topic is 

discussed la ter . 

Results from samples 1 through 34 

comprised the information upon which the 
3 

Gas Quality Status Report was based. 
This status report , which also contained 

a limited interpretation of the resu l t s , 

was based upon the averages of samples 

taken at approximately the same t ime. 

For completeness, the individual resu l t s 

and sample description upon which these 

averages a re based, a re included in the 

tabulation of this repor t . Most r e 

sults for samples through No. 58 

Sample Log 
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were given limited public distribution at 

the Gasbuggy work shop held at LRL on 

February 26, 1969. A discussion of the 

Gas Quality program resul ts and an in

terpretat ion based upon data through Au

gust 1969 (sample No. 7 5) was presented 

at the Symposium on Engineering with 

Nuclear Explosives at Las Vegas, Jan

uary 6-9, 1970.^"'^ 

Although most entr ies in Table I a re 

self-explanatory, the following definitions 

a re included to avoid confusion. 

Sample No.: 

Samples a re numbered in the order in 

which they were received at LRL. This 

produces chronological sequencing in 

most instances. 

Acquisition: 

Date and prevailing local t ime that the 

sample was collected. 

Sample type: 

Well: GB-E—grouted emplace

ment hole 

GB-ER—reen t ry of emplacement hole 

to the nuclear chimney 

GS-2RS—reentry of the GB-2 preshot 

investigation well 

Location: 

D 

S 

— down-hole snap sample 

— surface snap sample 

Total flow: 

Approximate cumulative total of gas 

produced from GB-ER Units of 10^ ft^ 

Laboratory analysis: 

R.C. — Radiochemistry 

* "minimal" analysis 

** "normal" analysis 

*** "complete" analysis 

MS — Mass Spectrometry - com

plete analysis 

7 — All or a portion of the sample 

passed through charcoal for 

gamma- counting. 

Comments: 

BHP — Bottom hole pressure 

Table I. Post-detonation log for Project Gasbuggy samples. 

Sample Acquisition 
No. Date Time Well 

Total flow Laboratory 
f. o analysis 

Location (10 ft ) RC MS y 

Sample type 
Comments 

1 12-10-67 2130 GB-E 

2 12-11-67 1120 GB-E 

3 12-11-67 1115 GB-E 

4 12-10-67 2130 GB-E 

1-13-68 

1-13-68 

GB-ER 

GB-ER 

D 

D 

0. * * Cable leak to 
sealed well-head 
annulus — char
coal filtered 

0. *=i= * Cable leak to 
sealed well-head 
annulus 

0. ** * Cable leak to 
sealed well-head 
annulus 

0. * * Cable leak to 
sealed well-head 
annulus — char
coal filtered 

0. ** * * 4-in.-diam 
sampling system 

0. ** * * 4-in.-diam 
sampling system 
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Table I. (Continued) 

Sample 
No. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Acquisition 
Date Tim€ 

1-13-68 

1-17-68 

1-17-68 

1-17-68 

1-17-68 

2-27-68 

2-27-68 

2-27-68 

2-27-68 

2-27-68 

4-22-68 

4-22-68 

6-28-68 

0200 

0930 

1555 

1024 

1335 

1340 

1350 

1425 

1030 

1030 

1320 

Sample type 
; Well 
GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

Location 

S 

S 

D 

D 

S 

D 

S 

S 

s 

D 

s 

s 

s 

Total flow 
(10^ ft^) 

0. 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.34 

0.34 

0.34 

0.35 

0.35 

0.36 

Laboratory 
analysis 

RC MS 7 
s ; - * * >}c 

* 

* 

** * 

=;;;;: ?;; 

* 

* 

** * 

* 

*** * 

' i> ' i -

•'f^f^ * 

* * 

Comments 

Surface 8-liter 
snap sampler 

Surface 8-liter 
snap sampler 

2-in.-diam 
sampling system 

2-in.-diam 
sampling system 

Surface 8-liter 
snap sampler 

2-in.-diam 
sampling system 

Surface 8-liter 
snap sampler 

Surface 8-liter 
snap sampler 

Sample vented 
through charcoal 
filter 

2-in.-diam 
sampling system 

Surface 8-liter 
snap sampler 

Surface 8-liter 
snap sampler 

Start 5 X 10^ ft^ 

20 

30 

31 

6-29-68 1315 GB-ER 

21 

22 

23 

24 

25 

26 

27 

28 

29 

6-30-68 
7-1-68 

7-2-68 

7-3-68 

7-4-68 

7-7-68 

7-8-68 

7-9-68 

7-10-68 

1315 
1300 

1300 

1330 

1306 
1306 

1300 

1300 

1300 

GB-ER 
GB-ER 

GB-ER 

GB-ER 

GB-ER 
GB-ER 

GB-ER 

GB-ER 

GB-ER 

s 
s 
s 
s 
s 
s 
s 
s 
s 

5.4 

/day flow test 

Surface 8-liter 
snap sampler 

10.4 
15.4 

20.4 

25.4 

30.4 

40.4 

45.4 

50.4 

55.4 

** 

** 

5 } : * 

** 

* 

' 1 -

* 

* 

7-11-68 1200 GB-ER 

7-12-68 1300 GB-ER 

56.1 

56.9 

End 5 X lO^ft^/day 
flow test 

Start „ o 
0.75 X lO'' ft /day 
flow test 

Surface 0.8-liter 
snap sampler 



Table I. (Continued) 

Sample 
No. 

Acquis i t ion 
Date T i m e 

Sample type 
Well 

To t a l flow L a b o r a t o r y 
R r> a n a l y s i s 

Loca t ion (10^ ff^) RC MS 7 C o m m e n t s 

32 7 -13 -68 1300 G B - E R 

33 7 -14 -68 1300 G B - E R 

34 

59 

7 -22 -68 1900 GB-2RS 

3 -5 -69 1300 G B - E R 

S 

S 

57.6 

58.4 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

7 - 2 2 - 6 8 

9 - 1 8 - 6 8 

9 -18 -68 

1 1 - 7 - 6 8 

1 1 - 8 - 6 8 

11 -15 -68 

1 1 - 2 2 - 6 8 

1 1 - 2 9 - 6 8 

1 2 - 6 - 6 8 

1 2 - 7 - 6 8 

12 -10 -68 

1 2 - 1 3 - 6 8 

12 -12 -68 

12 -19 -68 

12 -26 -68 

1-2-69 

1-11-69 

1-14-69 

1-17-69 

1-27-69 

2 - 3 - 6 9 

2 -10 -69 

2 -18 -69 

2 -25 -69 

1915 

1255 

1250 

1100 

1200 

1200 

1245 

1200 

1400 

1100 

1200 

1445 

1200 

1000 

1215 

1345 

1400 

1200 

1115 

1520 

1100 

1130 

1245 

1150 

GB-2RS 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

S 

S 

S 

S 

S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

s 
s 
s 
s 
s 
s 

s 
s 

58.5 

58.5 

6 8.1 

68.7 

73.0 

75.9 

78.2 

81.0 

81.4 

95.6 

104.5 

103.8 

109.3 

114.1 

118.0 

122.5 

140.0 

-149 .0 

-156 .0 

-161 .0 

-165 .0 

-170 .0 

-186 .0 

-204 

, - } : * 

End „ „ 
0.75 X 10° ft'^/day 
flow t e s t 

Sur face 8 - l i t e r 
snap s a m p l e r 

S t a r t cons tan t bot tom 
hole p r e s s u r e t e s t 

B H P about 860 ps ig 

flow about 
0.35 X lO^ft^/day 

Surface 0 .8 - l i t e r 
s n a p s a m p l e r 

End t e s t 

S t a r t cons tan t bottom 
hole p r e s s u r e t e s t 

B H P about 710 ps ig 

flow about 
0.6 X 106 f t^ /day 

Surface 0 .8 - l i t e r 
^ n a p s a m p l e r 

End t e s t 

S t a r t cons tan t bottom 
hole p r e s s u r e t es t 

~BHP about 500 psig" 

flow about 
0.6 X 106 f t3 /day 

Surface 0 .8 - l i t e r 
_snap s a m p l e r 

End t e s t 

S t a r t ch imney f l u s h i n g -
r a p i d drawdown 

~BHP = 380 ps ig or l e s s 
flow not g r e a t e r than 
2.3 X 106 f t3 /day 
Surface 0 . 8 - l i t e r 

_snap s a m p l e r 
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Table I, (Continued) 
Laboratory 

analysis 
RC MS 7 Comments 

Sample 
No. 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

88 

89 

87 

Acquisition 
Date Time 

4-11-69 

4-18-69 

4-25-69 

5-9-69 

5-16-69 

6-6-69 

6-12-69 

6-27-69 

7-4-69 

7-11-69 

7-18-69 

8-1-69 

8-8-69 

8-15-69 

8-21-69 

8-29-69 

9-5-69 

10-2-69 

10-3-69 

10-10-69 

10-17-69 

10-24-69 

10-28-69 

10-28-69 

10-28-69 

10-29-69 

10-31-69 

11-7-69 

11-13-69 

11-14-69 

1500 

1800 

1605 

1530 

1630 

0900 

1600 

1300 

1700 

1725 

1800 

1500 

2030 

1745 

2000 

1330 

1600 

1510 

1315 

1700 

1635 

1730 

1350 

1515 

1815 

0215 

1500 

1130 

1500 

1200 

Sample type 
Well Location 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

GB-ER 

S 

S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

s 

s 

s 

s 

s 
s 
s 

Total flow 

(10^ ft^) 
-218 

-222 

-224 

-228 

-232 

-237 

-238 

-241 

-243 

-244 

-245 

-247 

-248 

-250 

-251 

-252 

-253 

-258 

-258 

-259 

-260 

-261 

-262 

-262 

-263 

-264 

-269 

-27 8 

-284 

-285 

1'* Continuing 
long t e rm 
production 
tes t 

.BHP ~ 260 psigj 

90 1-13-70 GB-ER 

[0.17 5X10^ftVay] 

[0.160 X 10^ f t ^ a y ] 

End extended-flow 
production test 

45 min after s tar t 
of blowdown 

4 hr after s tar t of 
blowdown 

12 hr after s ta r t 
of blowdown 

Following p r e s 
sure bomb run 

Last sample of 
blowdown pr ior to 
shut-in 

Sample #90 con
taminated during 
sampling 



T a b l e I. (Continued) 

L a b o r a t o r y 
Tota l flow ana ly s i s 
(10^ ft^) RC MS 7 

Sample 
No. 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

Acquis 
Date 

2 -3 -70 

3 -3 -70 

3-31-70 

4 - 2 8 - 7 0 

5-25-70 

6 -23-70 

7 -21 -70 

8-17-70 

9-15-70 

10-13-70 

11-10-70 

12-8-70 

1-12-71 

2 - 8 - 7 1 

3 -2 -71 

it ion 
T i m e 

1420 

123 5 

1335 

1045 

— 

1315 

— 

— 

1540 

1300 

1330 

1245 

1217 

1300 

Sample type 
Well Loca t ion 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

G B - E R 

S 

S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

C o m m e n t s 

GB-ER shu t - in 
pe r i od ; s a m p l e s 
t aken after suffi
c ien t gas had been 
p roduced to flush 
pipe 
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Radionuclide Concentrations 

LRL GAS QUALITY ANALYSIS 
PROGRAM 

Concentrations of various principal 

long-lived radionuclides found in the Gas

buggy chimney a re listed in Table II. All 

species have been related to chimney gas 

aifter the air (based on oxygen content) 

had been removed. All concentrations 

a re listed in units of picocuries per stand

ard cubic centimeter. Table 11 also l i s ts 

the precision of the measurements ex

pressed as percent standard deviation of 

the mean of repl icate measurements . This 

quantity indicates agreement between r e p 

licate determinations for a given radio

nuclide. The absolute accuracy of these 

measurements is unknown, but the uncer

tainty is probably less than ±10 percent 

for the species listed. The determination 

is complete for all the values listed. 

Systematic e r r o r s are improbable, but 

their occurrence cannot be completely 

ignored. The evaluation program has 

caused us to suspect that a few individual 

determinations lie outside the quoted devi

ations. For this reason, these determin

ations have been, and wUl be, repeated. 

However, because of the nature of a tabu

lation such as this, and the attempt to 

up-date it as new information becomes 

available, the reader is cautioned that 

such outliers a re both statistically and 

operationally possible. One of the several 

goals of the program is to minimize their 

occurrence. 

Radiochemical analysis of a Gasbuggy 

sample begins with separation and purifi

cation of the desired components by elution 

chromatography. Ca r r i e r (e.g., stable 

Kr gas) is added to aid in recovery of the 

t race components. The purified fractions 

a re then placed in appropriate counters 

for radio assay. Krypton-85 is deter

mined in quadruplicate by thin-window 

beta proportional counting. Compounds 
14 containing t r i t ium and C are determined 

by internal proportional counting of dupli

cate or quadruplicate fractions. Appro

priate correct ions for counting efficiency, 

geometry, chemical purity, background, 

and sample absorption are made where 

necessary and the disintegration ra te per 

unit volume of active gas is obtained. In 

the case of t r ace components this is di

rect ly the concentration of the species in 

the original sample. For components of 

the chimney gas this is a specific activity 

which is converted to a concentration in 

the sample by application of the fractional 

abundance as determined by mass spec

t rometry . Concentrations per unit volume 

of sample, thus obtained, are converted 

to the quantities appearing in Table 11 by 

application of the appropriate air co r rec 

tions (discussed later) and conversion 

factors. This tabulation, therefore, is 

not raw data but i s , in fact, fully r e 

duced to consistent, meaningful, final 

resu l t s . 

For inter comparison of the radionuclide 

concentrations, all data have been cor

rected for decay to the time of detonation. 

True concentrations at any given t ime can, 

therefore, be found by application of the 

appropriate decay correction. Due to the 

half lives involved, such a correction is 

small (<25 percent) for the species listed 

in Table II. 

- 8 -



Tab le II. Rad ionuc l ide c o n c e n t r a t i o n s for P r o j e c t Gasbuggy s a m p l e s in p i c o c u r i e s p e r s t a n d a r d cubic c e n t i m e t e r of 
ch imney gas.a>h 

Sample 
No. Date 

85 
Kr HT CH3T ^ 2 ^ 5 ^ C3H7T 

14 CO. 14 CH, 14 CO 

1 
CD 

' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

12 -10-67 

12-11-67 

12-11-67 

12 -10-67 

1-13-68 

1-13-68 

1-13-68 

1-17-68 

1-17-68 

1-17-68 

1-17-68 

2 - 2 7 - 6 8 

2 - 2 7 - 6 8 

2 - 2 7 - 6 8 

2 - 2 7 - 6 8 

2 - 2 7 - 6 8 

4 - 2 2 - 6 8 

4 - 2 2 - 6 8 

6 - 2 8 - 6 8 

6 - 2 9 - 6 8 

6 - 3 0 - 6 8 

7 - 1 - 6 8 

110.0 (1.0) 

118.0 (0.4) 

124.0 (0.4) 

125.0 (1.0) 

119.0 (0.5) 

124.0 (0.7) 

123.0 (0.3) 

124.0 (0.3) 

115.0 (1.7) 

111.0 (1.2) 

115.0 (0.5) 

10.8 (0.7) 

112.0 (1.1) 

3690.0 (1.7) 

3360.0 (0.7) 

225.0 (1.6) 

124.0 (1.0) 

189.0 (1.3) 

125.0 (0.5) 

175.0 (1.0) 

97.1 (0.8) 

128.0 (0.3) 

90.3 (1.4) 

63.0 (0.7) 

319.0 (1.7) 17.2 (0.5) 

346.0 (1.3) 17.8 (0.7) 

457 .5 (2 .6 ) 79.6 (1.0) 

430.0 (4.2) 76.3 (1.8) 

454.0 (0.7) 79.8 (0.6) 34.0 (1.8) 

458.0 (1.2) 80.6 (1.5) 

450.0 (0.9) 77.8 (2.2) 

461.0 (2.0) 83.4 (1.1) 

0.343 (4.0) 

0.201 (9.4) 

2.11 (0.4) 0.256 (1.2) 0.216 (2.3) 

0.310 (6.8) 

1.34 (0.4) 0.218 (1.0) 

0.370 (4.1) 0.129 (1.8) 

470.0 (0.4) 81.6 (1.0) 15.2 (1.7) 2.48 (1.4) 0.290 (1.6) 0.125 (1.1) 

523 .0 (1 .9 ) 90 .4 (0 .7 ) 13 .8 (2 .5 ) 1 .77(1 .2) 0 . 4 9 3 ( 7 . 4 ) 0 . 1 0 7 ( 4 . 5 ) 

45.2 (4.0) 9.40 (0.6) 

537 .0(0 .4) 92 .8 (1 .1 ) 13 .9 (1 .0 ) 2 . 1 5 ( 1 . 9 ) 

V a l u e s s t a ted in p a r e n t h e s e s indica te the p r e c i s i o n of the m e a s u r e m e n t in pe rcen t s t anda rd devia t ion . 

Values enc losed in b r a c k e t s a r e d e t e r m i n e d by d i r e c t counting without p r e t r e a t m e n t . 

' V a l u e s given for G r o s s i3 a r c d e t e r m i n e d by d i r e c t counting without p r e t r e a t m e n t . 



Table II. (Continued) 

o 
I 

Sample 
No. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

Date 

7-2-68 

7-3-68 

7-4-68 

7-7-68 

7-8-68 

7-9-68 

7-10-68 

7-11-68 

7-12-68 

7-13-68 

7-14-68 

7-22-68 

7-22-68 

9-18-68 

9-18-68 

11-7-68 

11-8-68 

11-15-68 

11-22-68 

11-29-68 

12-6-68 

12-7-68 

12-10-68 

12-13-68 

12-12-68 

S^Kr 

92.0 (1.0) 

99.2 (2.4) 

90.4 (1.0) 

84.1 (1.4) 

41.3 (4.2) 

66.4 (1.1) 

48.4 (0.7) 

3.98 (0.7) 

33.0 (1.4) 

63.6 (1.2) 

56.5 (0.4) 

54.6 (0.5) 

64.2 (0.3) 

36.8 (0.7) 

54.8 (1.3) 

HT 

42.5 (0.4) 

44.9 (0.4) 

54.1 (0.7) 

41.3 (0.8) 

32.0 (2.7) 

29.9 (0.4) 

0.11 (12) 

15.1 (0.8) 

41.2 (0.6) 

32.2 (10.9) 

31.0 (1.2) 

30.0 (1.0) 

27.4 (0.9) 

CH3T 

472.0 (0.9) 

46 8.0 (1.7) 

483.0 (0.4) 

436.0 (0.4) 

212.0 (4.1) 

262.0 (0.8) 

309.0 (1.0) 

14.6 (0.9) 

191.0 (0.6) 

292.0 (0.9) 

309.0 (3.5) 

311.0 (0.4) 

299.0 (1.5) 

178.0 (1.5) 

276.0 (1.7) 

C2H5T 

86.8 (3.2) 

87.1 (1.1) 

76.9 (2.3) 

79.8 (1.5) 

31.4 (1.0) 

42.3 (4.2) 

55.1 (1.2) 

29.3 (0.9) 

49.6 (3.2) 

55.8 (0.8) 

35.0 (2.1) 

51.2 (0.4) 

31.8 (2.3) 

CgH^T 

6.78 (5.6) 

7.85 (0.4) 

" C O , 

0.91 (1.0) 

0.80 (4.7) 

1.15 (2.9) 

1.35 (1.8) 

1.08 (9.4) 

1.31 (0.3) 

0.70 (0.5) 

1.11 (3.0) 

" O H . 

0.54 (1.3) 

0.36 (1.8) 

Gross ^'^ 

406 (4.4) 

504 (1.4) 

488 (2.4) 

310 (5.7) 



Table II. (Continued) 

Sample 
85.. „^ r.rr r^ ^ xj m r- rr rr. 1 4 ^ ^ 14, No. Date °^Kr HT CH3T ^ g H ^ T CgH^T COg CH^ G r o s s jS 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

12 -19 -68 

12 -26 -68 

1-2-69 

1-11-69 

1-14-69 

1-17-69 

1-27-69 

2 - 3 - 6 9 

2 -10 -69 

2 -18 -69 

2 - 2 5 - 6 9 

3 -5 -69 

4 - 1 1 - 6 9 

4 - 1 8 - 6 9 

4 - 2 5 - 6 9 

5 -9 -69 

5-16-69 

6 - 6 - 6 9 

6 -12 -69 

6 -27 -69 

7 - 4 - 6 9 

7 - 1 1 - 6 9 

7 - 1 8 - 6 9 

8 - 1 - 6 9 

8 -8 -69 

8 -15-69 

41.4 (0.8) 

48.9 (1.9) 

50,8 (0.5) 

49.0 (0.6) 

36.7 (0.5) 

32.2 (0.8) 

37.6 (2.2) 

[35.3 (6.0)] 

17.7 (0.4) 

[16.6 (0.7)] 

17.0 (1.0) 

[15.3 (3.7)] 

14.0 (2.0) 

[12.1 (1.7)] 

12.0 (1,3) 

[11.5 (1.1)] 

13,1 (0.9) 

[10.7 (3.2)] 

8.83 (1.7) 

[ l O J (2.0)] 

8.69 (3.4) 

[ 9.10 (1.9)] 

22.5 (4.1) 

41.0 (4.1) 

19.0 (1.3) 

18.6 (14) 

19.6 (4.0) 

6.90 (4.0) 

6.52 (6.9) 

254.0 (6.3) 37.5 (3.7) 0.92 (0.7) 369 (3.0) 

244.0 (0.7) 44.8 (0.4) 0.88 (0.9) 403 (0.8) 

236.0 (1.7) 44.5 (6.0) 1.28 (1.2) 374 (1.9) 

(6.4) 

137.0 (1.6) 26.1 (0.4) 0.73 (0.6) 232 (0.6) 

168.0 (1.0) 32.7 (0.4) 3.18 (0.4) 0.74 (36) 0.45 (5.3) 294 (8.0) 

(0.4) 

73.0 (6.4) 13.9 (1.6) 2.91 (6.2) 0.49 (5.1) 0.49 (7.1) 127 (3.4) 

(0.6) 

63.8 (1.1) 9.83 (3.3) 0.68 (3.1) 112 (0.6) 

(1.5) 

54.6 (1.8) 11.7 (2.0) 96.1 (0.4) 

(0.4) 

46.4 (2.0) 11.2 (6.6) 2.09 (2.1) 0.673 (9.1) 78.2 (0.4) 

(0.7) 

43.1 (0.4) 9.29 (0.8) 1.77 (1.3) 0.56 (5.5) 71.7 (0.4) 

(0.7) 

39.5 (2.8) 9.53 (1.0) 2.34 (2.5) 70.9 (0.1) 

(1.5) 

37.0 (0.4) 8.86 (1.3) 0.33 (4.7) 68.2 (0.4) 

(1.1) 

1.30 (0.8) 

0.92 (0.7) 

0.88 (0.9) 

1.28 (1.2) 

0.62 (0.6) 

0.73 (0.6) 

0.74 (36) 

0.49 (5.1) 

0.68 (3.1) 

0.56 (5.5) 

0.33 (4.7) 

0.45 (5.3) 

0.49 (7 .1) 

0.673 (9.1) 

352 

369 

403 

374 

285 

232 

294 

234 

127 

116 

112 

103 

96.1 

82.4 

78.2 

80.7 

71.7 

73.2 

70.9 

71.9 

68.2 

66.1 



Tab le II. (Continued) 

Sample 
No. Date 

85 
Kr HT CH3T ' ^2^5 '^ ^ 3 ^ 7 ' ^ 

14 
C O . 

14 C H , G r o s s ^ 

I 

to 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

88 

89 

87 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

8 -21-69 

8 -29-69 

9 -5 -69 

10 -2 -69 

10 -3 -69 

10 -10 -69 

10 -17-69 

10 -24-69 

10 -28-69 

10-28-69 

10 -28-69 

10-29-69 

10-31-69 

11-7 -69 

11 -13-69 

11-14-69 

1-13-70 

2 -3 -70 

3 - 3 - 7 0 

3 -31-70 

4 - 2 8 - 7 0 

5 -25-70 

6 -23-70 

7 - 2 1 - 7 0 

8 -17-70 

9-15-70 

10-13-70 

8.76 (0.5) 

[8.56 (2.2)] 

8.66 (0.6) 

7.37 (0.8) 

[7.10 (0.9)] 

7.01 (0.4) 

[6.58 (6.3)] 

[7.84 (1.3)] 

8.87 (2.0) 

9.09 (2.2) 

[11.9 (0.8)] 

[10.3 (1.9)] 

[10.0 (1.0)] 

8.25 (2.6) 

[7.30 (1.8)] 

7.26 (2.0) 

0.59 (2.4) 

1.01 (7) 

1.23 (1.3) 

1.79 (1.4) 

2.48 (0.9) 

3.03 (1.0) 

2.89 (1.3) 

2.98 (0.4) 

3.10 (1.2) 

2.82 (1.8) 

5.56 (5.0) 34.5 (0.4) 7.09 (5.1) 

31.5 (0.1) 7.23 (0.4) 2.05 (1.0) 0.23 (4.5) 

28.9 (0.4) 1.67 (3.9) 0.23 (15) 

8.77 (5.1) 26.4 (0.2) 7.62 (1.0) 2.67 (7.1) 0.62 (1.5) 

5.87 (0.4) 

7.09 (0.4) 

6.17 (4.0) 

5.06 (0.4) 

0.59 (0.7) 

0.89 (0.8) 

1.04 (0.4) 

3.25 (1.1) 

2.62 (1.2) 

2.59 (0.4) 

25.2 (4.2) 8.45 (18) 2.22 (5.0) 

32.2 (0,4) 

30.1 (1.2) 7.86 (4.8) 

24.8 (0.4) 5.26 (5.4) 

1.93 (6.3) 

3.16 (5.9) 

3.57 (0.7) 

5.00 (0.5) 

7.13 (11) 

7.77 (10) 

9.65 (9.9) 

8.91 (4.8) 

7.93 (0.4) 

7.69 (2.7) 

1.15 (0.6) 

1.22 (1.6) 

1.26 (2.4) 

1.52 (0.9) 

2.01 (1.1) 

2.24 (0.8) 

2.31 (6.4) 

2.22 (0.4) 

2.22 (4.7) 

0.40 (7.4) 

0.46 (3.9) 

0.46 (10) 

0.67 (7,8) 

0.55 (5.0) 

0.69 (5.7) 

0.68 (6.8) 

0.70 (2.0) 

0.64 (0.5) 

0.63 (1.2) 

0.614 (12.0) 62.1 (0.2 

63.2 (5.4 

59.2 (1.0 

57.2 (8.2 

50.4 (2.1 

47.5 (0.7 

59.2 (0.4 

61.8 (0,4 

67.3 (0.4 

67.8 (4.4 

65.0 (1.4 

57.9 (3.6 

61.4 (0.5 

53.1 (0.7 

54.7 (0.6 

5.91 (7.1 

7.51 (1.8 

9.01 (4.6 

11.7 (0.6 

15.6 (1.0 

18.9 (0.4 

19.6 (2.7 

19.6 (1.9 

18.6 (2.2 

17.5 (1.9 



Table II. (Continued) 

Sample 
No. 

101 

102 

103 

104 

105 

Date 

11-10-70 

12-8-70 

1-12-71 

2 - 8 - 7 1 

3 -2 -71 

«^Kr 

2.86 (1.1) 

2.85 (1.3) 

2.61 (1.8) 

2.63 (0.6) 

2.58 (0.6) 

HT 

2.73 (0.4) 

2.61 (1.3) 

2.56 (0.4) 

2.55 (2.3) 

CH3T 

7.74 (3.4) 

7.94 (1.8) 

7.54 (1.4) 

7.65 (1.7) 

7.17 (0.4) 

C2H5T 

2.07 (3.2) 

2.21 (2.9) 

2.22 (6.1) 

1.95 (5.0) 

1.85 (5,0) 

C3H7T 

0.66 (0.8) 

0.61 (2.6) 

0.57 (5.0) 

0.54 (0.8) 

0.55 (2.7) 

" C O , " C H , G r o s s ^ 

17.7 (1.0) 

16.6 (5.0) 

16.9 (5.0) 

15.4 (5.0) 

15.1 (5.0) 



RADIONUCLIDE CONCENTRATION 
RESULTS O F OTHER LABORATORIES 

In addi t ion to the Gas Qual i ty A n a l y s i s 

p r o g r a m at L R L , o the r i n t e r e s t e d l a b o r a 

t o r i e s have p e r f o r m e d r a d i o c h e m i c a l 

a n a l y s e s in s u p p o r t of the Gasbuggy p r o 

g r a m . One such l a b o r a t o r y , Te ledyne 

I so topes , w a s u n d e r c o n t r a c t to the El 

P a s o N a t u r a l Gas Company to p e r f o r m 

a n a l y s e s for t r i t i u m and k r y p t o n - 8 5 in a 

s e r i e s of s e l e c t e d s a m p l e s . At the s u g 

ges t ion of El P a s o N a t u r a l Gas , the r e 

su l t s f rom 31 such a n a l y s e s a r e p r e s e n t e d 

in Tab le I la , W h e r e d i r e c t l y c o m p a r a b l e 

s a m p l e s w e r e ana lyzed by LRL, da ta 

f rom Tab le II a r e p r e s e n t e d a long with 

the I so topes r e s u l t s . The L R L r e s u l t s 

have b e e n a s s i g n e d a s o m e w h a t a r b i t r a r y 

±10 p e r c e n t abso lu t e u n c e r t a i n t y so tha t 

c o m p a r i s o n of t h e s e r e s u l t s with t hose of 

I so topes can be m a d e . All r e s u l t s a r e 

decay c o r r e c t e d to the t i m e of de tonat ion , 

a l though only the LRL concen t r a t i on r e 

s u l t s a r e c o r r e c t e d for n o r m a l a i r , b a s e d 

on oxygen, that w a s o b s e r v e d in the s a m 

ple a s r e c e i v e d . Th i s d i f ference is not 

l ike ly to in t roduce a s igni f icant d i s c r e p 

ancy be tween the r e p o r t e d r e s u l t s . 

The a g r e e m e n t be tween t h e s e independ 

ent r e s u l t s i s c o n s i d e r e d s a t i s f a c t o r y . 

R e s u l t s for k r y p t o n - 8 5 and t r i t i u m o b 

ta ined by I so topes a r e in g e n e r a l s l igh t ly 

h i g h e r than the c o m p a r a b l e L R L r e s u l t s , 

but the t r e n d is not c o n s i s t e n t no r i s the 

d i s c r e p a n c y cons t an t . Some of the dif

f e r e n c e s m a y be due to ac tua l , though 

inadve r t en t , d i f fe rences in the s a m p l e s 

r e s u l t i n g f rom s t o r a g e p r i o r to a n a l y s i s 

o r f rom the dif ferent s a m p l i n g t echn iques 

u s e d . S ix teen of the twen ty - two ' c o m p a 

r a b l e " r e s u l t s p r e s e n t e d in Tab le II a g r e e 

wi thin the s t a t ed a c c u r a c y (one s t a n d a r d 

devia t ion) . T h i s i s a s would be s t a t i s t i 

ca l ly expec ted . We conclude that no s i g 

nif icant d i f fe rence be tween the two s e t s 

of e x p e r i m e n t a l r e s u l t s i s a p p a r e n t . 

Tab le I la , Te ledyne I so topes data for the r ad ionuc l ide c o n c e n t r a t i o n s of P r o j e c t G a s 
buggy s a m p l e s (in pCi / cc S T P ) , a.b 

Sample dai 

1-17-68 

7 - 4 - 6 8 

11 -7 - 68^ 

11 -7 -68 

12 -9 -68 

12 -12 -68^ 

12-22-68 

12 -28 -68^ 

1-5-69^ 

1-11-69 

1-11-69 

1-11-69 

1-11-69 

te and t i m e 

3:50 

1:00 

10:00 

11:10 

3:00 

4:00 

4:00 

3:00 

3:00 

10:00 

2:30 

6:00 

10-:00 

p . m . 

p . m . 

a . m . 

p . m . 

p . m . 

p . m . 

p . m . 

p . m . 

p . m . 

a . m . 

p . m . 

p . m . 

p . m . 

Te ledyne I so topes data 
K r y p t o n - 8 5 

160 

120 

61 

78 

78 

42 

58 

44 

45 

24 

73 

63 

78 

± 11 

± 16 

± 0.5 

± 10 

± 10 

± 0.4 

± 10 

± 0.5 

± 0.5 

± 4 
± 10 

± 10 

± 10 

T r i t i u m 

647 ± 

665 ± 

371 ± 

409 ± 

409 ± 

208 ± 

302 ± 

227 ± 

189 ± 

97 ± 

322 ± 

358 ± 

358 ± 

48 

102 

3 

51 

51 

2 

46 

2 

10 

15 

46 

51 

51 

D i r e c t l y 
c o m p a r a b l e L R L data 

K r y p t o n - 8 5 T r i t i u m 

120 ± 12 660 ± 60 

99 ± 10 600 ± 60 

49 ± 5 310 ± 3 0 

-14-



T a b l e I la . (Continued) 

Sample dat 

1-14-69 

1-17-69 

5-27-69 

6 -25-69 

7 - 2 3 - 6 9 

8-6-69 

9 -3 -69 

10-1-69 

10-28-69 

10-28-69 

10-29-69 

10-29-69 

10-31-69 

11-1 -69 

11-9-69 

2 -3 -70 

5 -25-70 

6 -23-70 

e and t i m e 

9:00 a . m . 

6:00 a . m . 

1:00 p . m . 

2:00 p . m . 

10:00 a . m . 

2:00 p . m . 

2:00 p . m . 

2:30 p . m . 

2:45 p . m . 

6:15 p . m . 

2:15 a . m . 

2:15 p . m . 

Noon 

4:30 p . m . 

3:00 p . m . 

2:20 p . m . 

10:45 a . m . 

T̂  e ledyne I so topes data 
Krypton 

68 

63 

17 

14 

12 

11 

6. 

± 
± 
± 
± 
± 
± 

8 ± 

9.4 ± 

8. 

10. 

12 

11 

12 

12 

10. 

0. 

2. 

3. 

9 ± 

5 ± 

± 
± 
± 
± 

5 ± 

7 ± 

2 ± 

5 ± 

1-85 

10 

10 

3 

2 

2 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

0.3 

0.3 

0.5 

T r i t i u m 

358 ± 

317 ± 

82 ± 

72 ± 

61 ± 

61 ± 

41 ± 

128 ± 

56 ± 

66 ± 

61 ± 

66 ± 

112 ± 

56 ± 

102 ± 

5 ± 

16 ± 

18 ± 

51 

46 

10 

10 

10 

10 

5 

2 

10 

10 

10 

10 

15 

10 

15 

0.4 

2 

3 

D i r e c t l y 
c o m p a r a b l e LRL data 

K r y p t o n - 8 5 

51 

49 

9 

12 

10 

10 

0.6 

2.5 

± 5 

± 5 

± 1 

± 1 

± 1 

± 1 

± 0.1 

± 0.2 

T r i t i u m 

310 ± 3 0 

320 ± 30 

58 ± 5 

55 ± 6 

54 ± 5 

48 ± 5 

3.7 ± 0.4 

10 ± 1 

All da ta have been c o r r e c t e d for decay to the t i m e of de tonat ion . 

U n c e r t a i n t i e s a r e s t a n d a r d dev i a t i ons . 

S a m p l e s ana lyzed in M a r c h 1969. The r e m a i n d e r of the s a m p l e s w e r e ana lyzed in 
1970. 
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Chemical Composition 

Chemical analysis of Gasbuggy samples 

was performed by mass spectrometry. 

Results of these analyses a re listed in 

Table III for chimney (or formation) gas 

after air (based on oxygen) had been r e 

moved from the sample. The probable 

accuracy of the reported resu l t s is 1 to 5 

units in the last reported figure or l ess 

than a few percent for the major constitu

ents l isted. Included as a group under 

the heading "other" in Table III a re the 

hydrocarbon fractions C . and higher. The 

method of sampling was not conducive to 

a meaningful determination of their con

centration m the nuclear chimney. 

As a consequence of the method of rou

tine snap-sampling, a small quantity of 

air IS collected along with the chimney 

gas. In some cases the sample bottle 

leaked prior to sampling and, in the case 

of the cable samples (samples 1 through 4) 

the sample was predominately air . To 

make meaningful comparisons between 

samples, the concentrations of the chimney 

gas components have been re-normal ized 

to 100 percent. Assuming the standard 

composition tor the air impurit\ ot 

Ng = 7 8.03% 

O2 = 20.99% 

Ar = 0.94% , 

it becomes apparent that the fraction of a 

given sample which is truly air based on 

oxygen is 

f (air) f(02) ^ ^ 78.03 ^ 0.94 
20.99 20.99 

Subtracting { l - f^ i - f^Og) from the N2 

determination and performing a s imi lar 

operation for the Ar produces an un-

normalized distribution of compositions 

for the chimney gas. Normalization is 

accomplished by multiplying this d i s t r i 

bution by an air correction obtained from 

the relation 

Air correct ion 1 - f(air) 

Values of the air correction obtained in 

this manner a re listed in Table III. Sig

nificant correct ions have been made for 

only a few samples. Uncertainties for 

these samples should also be multiplied 

by the air correction factor. Excess ni

trogen appears in nearly all samples indi

cating that it IS probably a t rue component 

of the gas and not an artifact of these ma

nipulations. 0„ and Ar are removed quan

titatively. The extremely large corrections 

applied to samples 1 through 4 made an 

exception to the above treatment neces

sary. For samples 2 and 3, the air 

correction described above yielded gas 

compositions which included some 20-

percent excess nitrogen. Because this 

value probably resulted from the co r rec 

tion process , the N„ was subtracted and 

the residual compositions were r e -

normalized to yield the composition listed 

in Table III. This lat ter re-normal izat ion 

was not applied to the data in Table I of 
3 

the Gas Quality Status Report. The values 
listed here a re , therefore, upper l imits 

for the concentrations of the components 

of chimney gas m the cable leak samples. 

Samples 1 and 4 were about 99 percent 

a i r . No useful information would resul t 

from re-normalizat ion. Only the percent

age nitrogen in the sample gas is indicated 

in Table III. 
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- J 
I 

Tab le III. C h e m i c a l compos i t i on of L R L P r o j e c t Gasbuggy s a m p l e s in vol % as d e t e r m i n e d by m a s s s p e c t r o m e t r i c a n a l y s i s . 

Sample A i r 
No. Da te c o r r e c t i o n N^ CO2 CO Hg CH^ C2H ^ 3 ^ 3 O t h e r 

1 12-10-67 large (78.4) 

2 12-11-67 7.187 

3 12-11-67 5.652 

4 12-10-67 large 

5 1-13-68 1.045 

6 1-13-68 1.016 

7 1-13-68 1.010 

8 1-17-68 1.013 

9 1-17-68 1.002 

10 1-17-68 1.018 

11 1-17-68 1.012 

12 2-27-68 1.018 

13 2-27-68 1.001 

14 2-27-68 1.010 

15 2-27-68 

16 2-27-68 1.002 

17 4-22-68 1.001 

18 4-22-68 1.000 

19 6-28-68 1.008 

20 6-29-68 1.002 

21 6-30-68 1.006 

22 7-1-68 

23 7-2-68 1.002 1.13 33.5 — 11.1 46.8 4.78 1.18 0.74 

24 7-3-68 

25 7-4-68 1.002 1.05 33.1 — 10.8 47.8 4.92 1.31 1.01 

(78.2) 

0.64 

0.99 

0.22 

0.90 

0.53 

0.61 

0.71 

0.62 

0.45 

— 

— 

0.31 

1.32 

— 

9.87 

9.92 

36.2 

36.1 

35.0 

34.6 

35.8 

36.0 

35.6 

34.8 

35.6 

35.7 

35.6 

35.4 

35.1 

4.39 

36.2 

34.0 

21.7 

21.7 

3.9 

3.7 

4.1 

4.0 

4 .5 

3.9 

3.9 

3.1 

3.3 

2.6 

2.6 

2.2 

2.2 

— 

— 

1.5 

23.1 

22.6 

16.7 

16.9 

17.4 

18.0 

16.8 

16.7 

17.0 

14.4 

14.8 

14.8 

15.0 

13.1 

13.3 

0.27 

12.0 

12.2 

42.6 

43.5 

36.4 

36.5 

36.5 

37.2 

37.5 

37.2 

37.7 

40.0 

40.4 

39.9 

40.2 

43.2 

43.3 

82.5 

44.2 

45.9 

1.73 

1.75 

3.61 

3.63 

3.52 

3.42 

3.63 

3.68 

3.56 

4.10 

4.10 

4.12 

4.12 

4.57 

4.50 

7.31 

4.70 

4.73 

1.21 

1.15 

1.25 

1.01 

1.14 

1.27 

0.97 

1.13 

1.23 

1.21 

1.17 

1.05 

0.98 

2.71 

0.97 

1.09 

0.96 

0.47 

1.15 

1.09 

1.97 

0.77 

0.79 

0.79 

0.63 

1.78 

0.67 

0 .98 

0.84 

0.53 

0.61 

1.87 

0.61 

0.74 



Table III. (Continued) 

S i r 
correction 

Sample 
No. Date N, C O . CO H, CH, *^2^6 *^3"8 Other 

CO 
I 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

7-7-68 

7-8-68 

7-9-68 

7-10-68 

7-11-68 

7-12-68 

7-13-68 

7-14-68 

7-22-68 

7-22-68 

9-18-68 

9-18-68 

11-7-68 

11-8-68 

11-15-68 

11-22-68 

11-29-68 

12-6-68 

12-7-68 

12-10-68 

12-13-68 

12-12-68 

12-19-68 

12-26-68 

1-2-69 

1.000 

1.013 

1.000 

1.001 

1.001 

1.000 

1.000 

1.001 

1.000 

1.072 

1.000 

1.709 

1.10 

1.01 

0.13 

— 

0.79 

0.49 

0.42 

0.43 

0.49 

0.42 

1.16 

0.33 

0.4 

2.85 

32.2 

30.9 

14.9 

18.9 

21.7 

0.70 

13.0 

22.0 

23.1 

22.7 

22.5 

14.1 

26.6 

16.7 

10.5 48.9 4.97 1.37 0.93 

0,7 

9.9 

5.5 

6.80 

6.72 

0.20 

49.8-

67.7 

64.0 

60.9 

83.4 

5.06 

5.96 

5.80 

5.77 

7.94 

1.58 

2.47 

2.38 

2.38 

4.42 

1.08 

1.37 

1.38 

1.77 

2.83 

5.8 

7.92 

8.11 

5.81 

69.8 

59.7 

58.6 

64.5 

6.07 

5.66 

5.50 

5.94 

2.98 

2.52 

2.24 

2.89 

1.96 

1.72 

1.88 

8.10 

7.70 

4.62 

9.25 

59.9 

59.2 

70.0 

74.8 

5.50 

5.62 

6.24 

6.94 

2.18 

2.40 

3.02 

3.19 

1.21 

1.44 

1.67 

2.7 5 

1.26 



T a b l e III. (Continued) 

CD 
I 

Sample A i r 
No. Date c o r r e c t i o n N2 COg CO H2 CH^ C2Hg CgHg Othe r 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

1-11-69 

1-14-69 

1-17-69 

1-27-69 

2-3-69 

2-10-69 

2-18-69 

2-25-69 

3-5-69 

4-11-69 

4-18-69 

4-25-69 

5-9-69 

5-16-69 

6-6-69 

6-12-69 

6-27-69 

7-4-69 

7-11-69 

7-18-69 

8-1-69 

8-8-69 

8-15-69 

8-21-69 

8-29-69 

1.079 

1.001 

1.000 

1.000 

1.000 

1.000 

1.032 

1.001 

1.002 

1.014 

1.133 

1.034 

1.001 

1.020 

1.000 

1.003 

1.034 

1.002 

1.000 

1.003 

1.001 

1.018 

1.002 

0.60 

0.29 

0.40 

0.40 

0.46 

0.50 

0.39 

— 

0.56 

0.42 

2.15 

0.72 

— 

0.81 

0.40 

0.40 

0.77 

0.34 

0.3 

0.40 

0.40 

0.45 

0.4 

18.8 

20.1 

19.0 

14.2 

13.0 

16.1 

14.6 

9.90 

9.42 

9.44 

9.29 

8.60 

7.92 

7,97 

8.10 

7.73 

7.55 

7.7 2 

7.56 

7.48 

7.4 

7.23 

7.1 

6.37 

6.72 

6.20 

64.2 

63.0 

63.9 

5.96 

5.86 

6.00 

2.73 

2.60 

2.80 

1.38 

1.39 

1.64 

4.67 69.8 6.31 3.09 1.50 

4.33 

5.02 

4.25 

2.60 

2.54 

2,55 

2.46 

2.28 

2.06 

2.15 

2.10 

1.96 

1.98 

1.96 

2.01 

1.98 

1.97 

1.90 

1.86 

71.1 

66.9 

68.3 

73.9 

73.7 

74.3 

73.2 

74.7 

76.0 

75.4 

75.0 

76.1 

75.9 

76.1 

76.2 

76.2 

76.3 

76.4 

76.4 

6.51 

6.44 

6.67 

7.10 

7.01 

6,96 

6.90 

6.94 

7.07 

6.95 

7.0 

7.08 

6.97 

7.05 

7.02 

7.03 

7.02 

7.06 

7.05 

3.05 

3.14 

3.35 

3.90 

3.97 

3.91 

3.98 

3.94 

4.09 

3.98 

4.0 

4.07 

4.07 

4.12 

4.11 

4.13 

4.14 

4.18 

4.18 

1,50 

1,91 

2,44 

2,72 

2.81 

2.45 

2.04 

2.86 

2.82 

2.74 

3.4 

2.67 

2.7 6 

2.70 

2.80 

2.73 

2.77 

2.76 

3.0 



Table III. (Continued) 

Sample 
No. Date 

Air 
correction N . CO„ CO H„ C H , '2^6 *^3^8 Other 

CO 

o 
1 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

88 

89 

87 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

9-5-69 

10-2-69 

10-3-69 

10-10-69 

10-17-69 

10-24-69 

10-28-69 

10-28-69 

10-28-69 

10-29-69 

10-31-69 

11-7-69 

11-13-69 

11-14-69 

1-13-70 

2-3-70 

3-3-70 

3-31-70 

4-28-70 

5-25-70 

6-23-70 

7-21-70 

8-17-70 

9-15-70 

10-13-70 

11-10-70 

12-8-70 

1-12-71 

2-8-71 

3-2-71 

1.027 

1.002 

1.003 

1.002 

1.016 

1.037 

1.000 

1.000 

1.164 

1.000 

1,002 

1.000 

1.000 

1.002 

1.000 

1.007 

1.002 

1.001 

1.000 

1.019 

1.010 

1.004 

1.023 

1.014 

1.006 

1.013 

1.006 

1.049 

1.005 

0.56 

0.69 

0.34 

0.31 

0.72 

0.80 

1.28 

0.90 

0.30 

— 

0.34 

0.40 

0.14 

0.35 

0.33 

— 

— 

0.16 

0.47 

— 

0.02 

0.32 

0.20 

0.22 

0.67 

0.49 

6.88 

6.61 

6.54 

6.32 

6.01 

8.01 

7.76 

8.40 

8.90 

9.50 

9.62 

9.17 

8.97 

8.86 

1.21 

1.57 

1.66 

2.15 

2.9 

3.55 

3.54 

3.61 

3.46 

3.30 

3.17 

3.06 

2.94 

2.86 

2.76 

1.81 

1.90 

1.88 

1.86 

1.61 

1.91 

2.04 

2.24 

2.30 

2.48 

2.45 

2.09 

1.89 

1.85 

0.22 

0.29 

0.38 

0.62 

0.93 

1.1 

1.1 

1.1 

1.0 

0,99 

0.98 

0.97 

0.93 

0.91 

0.93 

76.5 

77.2 

77.2 

77.6 

77.6 

74.1 

73.8 

75.0 

73.8 

73.5 

74.1 

74.8 

74,8 

74.1 

84.5 

84.7 

84.5 

84.0 

82.3 

81.6 

81.1 

80.9 

81.9 

81.6 

81.9 

82.1 

82.5 

82.7 

83.0 

7.06 

6.71 

7.07 

7.02 

7.10 

6.71 

6.79 

7.15 

6.97 

6.80 

7.16 

7.08 

7.18 

7.42 

7.03 

7.06 

7.04 

7.11 

7.4 

7.2 

7.2 

7.2 

7.2 

7.2 

7.2 

7.2 

7.2 

7.1 

7.1 

4.17 

4.21 

4.24 

4.21 

4.17 

4.30 

6.89 

4.29 

4.16 

4.06 

4.16 

4.09 

4.29 

4.50 

4.05 

3.95 

3.88 

4.18 

4.2 

4.2 

4.2 

4.2 

4.1 

4.2 

4.1 

4.1 

3.9 

3.7 

3.9 

3.01 

2.70 

2.68 

2.72 

2.74 

4.12 

2.76 

2.92 

2.60 

2.71 

2.24 

2.80 

2.90 

2.90 

2.56 

2.30 

2.15 

1.62 

2.3 

2.5 

2.7 

2.6 

2.6 

2.7 

2.4 

2.5 

2.3 

2.1 

1.8 



Miscellaneous Determinations 

Many inves t iga t ions of the gas qual i ty 

of Gasbuggy ch imney gas do not lend t h e m 

s e l v e s to a g e n e r a l i z e d , t abu la ted r e p o r t 

such a s tha t p r e c e e d i n g t h i s s ec t ion . 

T h e s e t o p i c s , of g e n e r a l i n t e r e s t to the 

G a s Qua l i ty P r o g r a m , wil l be p r e s e n t e d 

h e r e . No p a r t i c u l a r o r d e r of t o p i c s i s 

an t ic ipa ted , and addi t ional t op i c s m a y be 

added a s r e s u l t s b e c o m e ava i l ab l e . 

RARE GAS ACTIVATION PRODUCTS 

N e u t r o n s e s c a p i n g t h e n u c l e a r exp los ive 

at the t i m e of de tonat ion i n t e r a c t wi th com

ponents of the r o c k to p roduce ac t iva t ion 

p r o d u c t s . Two of t h e s e p r o d u c t s a r e i s o 

t o p e s of a r g o n and a r e , t h e r e f o r e , m ixed 
37 with the ch imney g a s e s . A r p roduced 

40 37 39 
by Ca(n, a) A r and A r produced by 
39 39 

K(n, p) A r have been identif ied in t he 

Gasbuggy ch imney . B e c a u s e of t h e i r half 

l i v e s (35 days and 270 y e a r s r e s p e c t i v e l y ) . 

n e i t h e r i so tope p o s e s a gas qual i ty p r o b l e m 

c o m p a r a b l e to the t r i t i u m and Kr . Both 

s p e c i e s w e r e d e t e r m i n e d by th in-window 

b e t a - p r o p o r t i o n a l counting, in a m a n n e r 

c o m p a r a b l e to K r 37 A r was o b s e r v e d 

t h r o u g h b r e m s s t r a h l u n g following e l e c t r o n 
39 

c a p t u r e , the b e t a of A r w a s counted d i 
r e c t l y , a s s u m i n g a counting eff iciency 
c o m p a r a b l e to tha t for K r (10 pe rcen t ) . 
All r e s u l t s a r e e x t r a p o l a t e d to the t i m e of 
detonat ion, and a r e l i s t e d in T a b l e IV. 

A r and A r exhibi t a somewha t 

r a n d o m v a r i a t i o n o r "bounce" c o m p a r a b l e 

to that o b s e r v e d for t r i t i a t e d hydrogen . 

Although t h i s o b s e r v a t i o n cannot be e x 

pla ined c l e a r l y , it does a p p e a r to be r e a l . 

B e c a u s e of the a s s u m p t i o n of 10 -pe r cent 
39 counting eff iciency for A r , t h e s e r e s u l t s 

a r e c o n s i d e r e d l e s s a c c u r a t e than o t h e r s 

l i s t e d h e r e , but a r e p robab ly within 20 

p e r c e n t of the c o r r e c t va lues , with the 

dev ia t ion be ing t oward t he low s ide . 

Tab le IV. R a r e g a s ac t iva t ion product c o n c e n t r a t i o n s for P r o j e c t Gasbuggy in 
p i c o c u r i e s / c c S T P ex t r apo la t ed to the t i m e of de tona t ion .^ 

Sample 
No. 

2 

3 

5 

6 

7 

10 

11 

14 

16 

18 

A v e r a g e 

Date 

12-11-67 

12-11-67 

1-13-68 

1-13-68 

1-13-68 

1-17-68 

1-17-68 

2 - 2 7 - 6 8 

2 - 2 7 - 6 8 

4 - 2 2 - 6 8 

37 

2340 

7660 

6202 

4380 

3420 

4410 

3920 

4990 

4260 

5622 

4720 

A r 

(4.2) 

(3.1) 

(12) 

(21) 

(1.9) 

(1.5) 

(2.0) 

(0.9) 

(1.4) 

(1.4) 

(10%) 

39 

0.0516 

0.0868 

0.0938 

0.0945 

0.0772 

0.0903 

0.0771 

0.0948 

0.0829 

0.0945 

0.0844 

Ar 

(11) 

(5.0) 

(5.4) 

(1.0) 

(3.4) 

(0.9) 

(0.8) 

(1.6) 

(1.5) 

(3.1) 

(14%) 

Va lues in p a r e n t h e s e s ind ica te the p r e c i s i o n of m e a s u r e m e n t in p e r c e n t 
s t a n d a r d devia t ion . 
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Table V. Tritiated water resul ts — Project Gasbuggy. 

Sample 
No, 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

Date 

12-11-67 

12-11-67 

1-16-68 

1-16-68 

1-13-68 

1-17-68 

1-18-68 

1-18-68 

1-17-68 

2-27-68 

2-27-68 

2-27-68 

2-27-68 

Sample 
type 

S 

S 

D 

D 

S 

S 

D 

D 

S 

D 

S 

S 

D 

Total 
pCi HTO 

0.344 

0.150 

2,610.0 

381.0 

6.89 

19,500.0 

126,000.0 

44,100.0 

11.5 

6,570.0 

0.321 

12.3 

76,900.0 

pCi HTO 
cc H2O 

18.5 

16.7 

1,710.0 

297.0 

58.6 

703.0 

49,500.0 

24,300.0 

135.0 

15,500.0 

18.9 

135.0 

118,000.0 

pCi HTO 
li ter (STP) sample 

0.22 

0.10 

43.9 

6.94 

0.75 

2,170.0 

2,170.0 

747.0 

0.77 

110.0 

0.02 

0.61 

1,220.0 

TRITIATED WATER 

The problem of obtaining meaningful 

samples of water from a nuclear chimney 

has no easy solution. Surface samplers 

a re clearly inaccurate due to the inter

position of some thousands of feet of pipe 

between source and samplers . Downhole 

samplers present a more acceptable means 

of obtaining water sajnples from the chim

ney. Unfortunately, condensation of non-

chimney water on the surfaces of the 

sampler, and the engineering difficulties 

in physically entering the chimney with 

the sample bottle, prevented proper sam

pling. As the resiilt of dilution of the 

chimney water so obtained, the concentra

tions of tr i t iated water determined in a 

gas sample have li t t le significance and 

specific activities of the water so recov

ered a re lower l imits . Table V l i s t s the 

resiiLts in units of total picocuries t r i t ium 

as HTO recovered, picocuries per cc of 

water recovered, and picocuries per l i ter 

(STP) of sample. No correlation between 

sample volume, sample type, amount of 

water and amount of activity is evident. 

For this reason water sampling with the 

gas has been discontinued. 

The establishment of a continued flow 

from the chimney region resu l t s in a kind 

of equilibrium being established within the 

sample pipe thereby permitting water of 

more nearly the specific activity of the 

chimney water to reach the surface. Di

lution is, of course, still a potential prob

lem and concentrations of tr i t iated water 

must still be considered as lower l imits . 

Analysis of water removed at the surface 

during production testing has shown spe

cific activities of more than 1 ixCij cc of 

water. The Eberline Instrument Corpora

tion has been performing routine analyses 

of tr i t iated water collected in this manner 
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during production testing. Their repor ts 

should be consulted for details and 

analytical resul t s . 

A few such water samples, obtained 

during production testing of GB-ER, have 

been analyzed for tr i t ium and for gamma-

ray emitting radionuclides. The samples 

were collected from the liquid removed 

from the produced gas at the wellhead by 

the knock-out system, and were provided 

by C. Bowman of the El Paso Natural Gas 

Company. 

Tri t ium concentration was determined 

by liquid scintillation counting of an aliquot 

of the sample as provided. The resul ts of 

these determinations are tabulated in 

Table VI. 

A search for the presence of gamma-

ray-emit t ing radionuclides in these sam

ples has been made. We examined the 10 

samples (about 15 ml each) over the 

Table VI. Project Gasbuggy GB-ER p ro 
duction testing of water samples . 

Trit ium Con
centration^ 

Sample 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Date 

7-29-68^ 

7-6-68 

1-17-69 

1-31-69 

2-18-69 

2-27-69 

3-10-69 

3-17-69 

3-27-69 

4-2-69 

Time 

1:30 

3:00 

1:30 

3:00 

3:00 

9:30 

2:30 

MCi/ml 

1.16 

1.15 

0.264 

0.196 

0.125 

0.124 

0.049 

0.104 

0.124 

0.018 

^Absolute uncertainty less than ±10% of 
number given, 

^Probably 6-29-68. 

energy range of 0 to 2.5 MeV, using a 256-

channel analyzer and a cylindrical Nal 

crystal 3 in. in diameter and 3 in. deep. 

No significant activity above background 

was observed. An upper limit of 

0.03 pCi/ml was established for the p r e s 

ence of these nuclides. 

NONGASEOUS RADIONUCLIDES 

A cursory examination of some early 

gas samples was made in an attempt to 

detect various potentially volatile nuclides 

which might have been in the gas. As ex

pected, no indication of the presence of 

these species was found on or in downhole 

sample bottles, or in gas withdrawn from 

the well. Upper l imits were established 

for their concentration by gamma counting. 

It was assunaed that 0.1 t imes the back

ground in the seven channels surrounding 

the photopeak energy for the nuclides 

Table VII. Nongaseous radionuclides for 
Project Gasbuggy, upper 
l imits of pCi/cc STP extrap-
olated to time of detonation. 

Nuclide 

l " s b 

131j 

125„ Sn 

129m^g 

1 0 3 R , 

125m^^ 

123sn 

lO^Ru 

125sb 

13^Cs 

t l /2 
(days) 

3.9 

8.05 

9.4 

33 

41 

58 

131 

367 

985 

10^ 

pCi/cc STP 
(maximum, 

2.3 

0.04 

4.5 

1 X lO'^ 

8X 10 '^ 

0.23 

2X 10 '^ 

1 X 10"^ 

2X 10"^ 

. 2 X lO"^ 
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would have p r o d u c e d a de t ec t ab le peak . 

De ta i l s of th i s inves t iga t ion have b e e n 
o 

publ i shed . F ie ld i n v e s t i g a t i o n s p e r 

f o r m e d by E b e r l i n e I n s t r u m e n t C o r p o r a 

t ion did not de tec t the p r e s e n c e of any 

g a m m a - e m i t t i n g nuc l ides o t h e r than r a r e 
9 

g a s e s . Table VII l i s t s the lowes t u p p e r 
l i m i t s obta ined by g a m m a - s p e c t r o m e t r y 
in the L R L inves t iga t ion . The m o s t v o l -

131 a t i l e of t h e s e s p e c i e s , I, w a s p r e s e n t 

in c o n c e n t r a t i o n s of l e s s than 0.04 pCi / cc 
131 S T P . The n u m b e r of I a t o m s / c c m a y 

p r e s e n t a m o r e p r o b a b l e u p p e r l i m i t than 

t h o s e l i s t e d which exceed th i s c o n c e n t r a t i o n . 

Dur ing the h i g h - r a t e p r o d u c t i o n t e s t s 

of the Gasbuggy c h i m n e y in e a r l y N o v e m 

b e r 1970, f i l t e r p a p e r s w e r e exposed to 

co l l ec t any p a r t i c u l a t e d e b r i s that migh t 

be p r e s e n t . T h e s e f i l t e r s w e r e then r e 

t u r n e d to L R L - L i v e r m o r e and ana lyzed 
90 137 

for Sr and C s by r a d i o c h e m i c a l 

s e p a r a t i o n and l ow- l eve l b e t a count ing. 

F o u r s e t s of f i l t e r s w e r e r e c e i v e d at 

L i v e r m o r e ; t he se had b e e n exposed to 38, 

95, 470, and 810 ft^ of g a s , r e s p e c t i v e l y . 

The f i l t e r s exposed to only 38 ft of gas 

w e r e u s e d a s background , i . e . , to d e t e r 

m i n e the amount of ac t iv i ty p r e s e n t in the 

f i l te r p a p e r s and r e a g e n t s . B lanks w e r e 

a l s o r u n on the r e a g e n t s and new What 

m a n #42 f i l te r p a p e r . The r e s u l t s a r e 

c o m p a r a b l e to t h o s e obta ined f rom the 

38 ft ' p a p e r s . The r e m a i n i n g t h r e e 

s e t s , r e p r e s e n t i n g a to ta l gas vo lume of 
3 

1375 ft , w e r e corabined and ana lyzed . 
The r e s u l t s , which a r e g iven in 

Tab le VIII, show tha t no de t ec t ab l e a c t i v -
90 1^7 

i ty of e i t h e r Sr o r C s w a s o b s e r v e d . 
An e s t i m a t e of an u p p e r l i m i t for the 

90 137 

ac t iv i ty of e i t h e r Sr o r C s tha t 

migh t b e p r e s e n t can be m a d e by a s s u m 

ing that a count r a t e equal to twice the 

s t a n d a r d devia t ion of the backg round (2a) 

would not b e de t ec t ed . T h i s c o r r e s p o n d s 

to 2 X 0.16 o r 0.3 c o u n t s / m i n . The 

coun te r eff ic iency i s a p p r o x i m a t e l y 

30 p e r c e n t , so the e s t i m a t e d u p p e r l in i i t 

i s about 1 d i s / m i n o r about 4 X 10 p C i / 

ft^ (about 1.3 X 10"^ pC i / cc ) . 

A t t e m p t s to de tec t the p r e s e n c e of 

g a m m a - r a y - e m i t t i n g nuc le i on t h e s e f i l 

t e r s a l so fai led. Under the a s s u m p t i o n s 

d i s c u s s e d in connec t ion with p r e v i o u s 

a t t e m p t s (Table VII), a de tec t ion l i m i t of 
- 8 

3 X 1 0 pCi /cc can b e e s t a b l i s h e d a s an 

u p p e r l i m i t for the c o n c e n t r a t i o n of 

g a m m a - e m i t t i n g r a d i o n u c l i d e s r e t a i n e d 

by t h e s e f i l t e r s . 

T a b l e VIII. Gasbuggy f i l t e r p a p e r r e s u l t s (in c o u n t s / m i n ) . 

137 

(1 
S a m p l e 
137 5 ft^: 

Background 
(38 ft3) Net 

C s 

1.32 ± 0.15 

0.91 ± 0.15 

1.36 ± 0 . 1 6 

1.08 ± 0 . 1 5 

-0 .04 ± 0 . 2 3 

-0 .18 ± 0 . 2 1 
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