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GAMMA ENERGY ANALYSIS OF THE RMA LINE AND RECUrmEx 

I. INTRODUCTION 

Knowledge has developed s t ead i ly  over t h e  past  18 months toward defining 
the  charac te r i s t ics  of the  gamma and neutron radiat ion associated with 
plutonium and i ts  compounds. Laboratory easurement have been made on 
plutonium samples taken from the  RNA LineTl, 2 3, 47, film badge s tudies .  
have been made i n  plutonium processing areas(Yj, and calculations have 
been made predict ing dose a t e  and s i e ld ing  requirements at higher 
plutonium exposure levels.f5, z 8  7 3  sf As these s tudies  continue, and 
more precise da t a  is accumulated, it w i l l  be possible t o  (1) more accurately 
evaluate t h e  rad ia t ion  received by operating personnel, and (2) more 
accurately (and economically) specify shielding f o r  f a c i l i t i e s  designed f o r  
processing high exposure plutonium. 

This report  gives the r e su l t s  of a g d  energy analysis of the  RMA Line 
and Recupfex obtained with a laboratory model gamma spectrometer. 

Measurements have beer made i n  the 234-5 Building which have defined the  
general gamma energy spectrum emitted by the  plutonium processing hoods 
on t h e  €MA Line and i n  Recuplex. The da ta  obtained f m m t h i s  study has 
helped resolve the  discrepancy between laboratory data  and film badge data, 
and has provided addi t ional  information t o  help i n  prediction of the  gamma 
radiat ion l eve l s  t o  be expected from plutonium i r rad ia ted  t o  2000 WD/T 
(NPR) and 10,000 m/T (PRTR). 

From g correlat ion of t h i s  study with labaratory measurements, theore t ica l  
calculations, and film badge data, t h e  following observations a r e  made: 

1. The gama enerm spectrum on the  €MA Line is e s sen t i a l ly  the  same as 
the  spectrum predicted from theore t ica l  calculations and laboratory 
measurements. There a r e  eight major gama energy groups ( o r  peaks) 
emitted from plutonium and i ts  compounds: 

The 17, bo, 100, 200, and 380 KEV energies were prevalent at  a l l  
locations on the  €?MA Line and i n  Recuplex; t h e  500 KEV (Ru) was . 
found t o  be s ign i f icant  only i n  the  R & B Hood i n  Recuplex; t h e -  
750 KEV (Zr) was found a t  nearly all locations i n  low percentage; 
and the  1.3  MEV (Na=),' although not detected at  lay locatiorr, may 
be present i n  low percentage i n  Tasks I1 and 111. (Spectrometer 
s e n s i t i v i t y  is low f o r  1.3 W.)  
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The m a n t i t s  of each gamma enerm emitted from the 23 processing 
locations t h a t  were measured ranged as follows: 

Number 
of - Locgt ions 

Range of 
Amount 
0 

17 + 60 10 
13 

80 - 94 
43 - 79 

20 
3 

100 2 - 8  
10 - 20 

200 21 
2 

1 - 5  
8 & 12 

380 9 
14 

2 - 6  
io - 31 

750 18 0 - 4  
9 & 18 
20 - 24 2 

3 

3. The aRe. amount, and demee of disDersion of plutonium i n  the various 
hoods appear t o  be the main variables influencing energy dis t r ibut ion.  
The . re la t ive importance of these variables on the  l eve l  of each gamma 
energy is estimated t o  be as follows: 

Pu 
Mass - Pu 

Dis Dk rs ion 

2- 
1. 
1 
0 
0 
0 
0 

0 Relatively no ef fec t  
1 Small. effect  
2 Large e f fec t  

4. The gamma spectrometer data does not confirm film badge exposure 
information. The comparison is as follows: 
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AveraRe Dose Rate Distribution 

17 KEv 100 m 
+ 60 and Over 

Ga~ma Spectrometer Data (Table I) 70% 30% 

Rl .m Badge Date (Table I V )  28% 72% 

It is assumed t h a t  the recent gamma spectrometer data is more nearly 
correct,  
bration problems may account f o r  the  discrepancy, 

Body shielding of t h e  film badge and film density C a l i -  

5.  Shielding with krt X-%Y lead alass (1/16" lead equivalent). will reduce 
the  major gamma energies as follows ( theore t ica l  fac tors  a re  shown for 
comparison) : 

$ of Gamma Flux Wtopped" by 
X - ~ N  Glass m 

Gamma 
Spe ctrorneter 

Data 
(Table I, Part  2) 

> 95$ 
70% 
399 
20% 

-ut j Calculated ( e  

7 95% 
82% 
35% 
15% 

6 .  &sed on t h  e data from this study, it is estimated tha t  shielding t h e  
€?MA Line and Recuplex with et X - R a y  glass ( o r  equivalent) would reduce 
the  dose r a t e  a t  each locat ion by at. l e a s t  80$, and at some locations,  
over 90% (650 m/T plutonium); 1-3/16" lead glass, by 95% or  more. 

1x1, I)ISCUSSION 

1. P u m  s e  of Studx 

The amount of gamma shielding t h a t  will be required on equipment 
designed f o r  processing high exposure plutonium w i l l  depend great ly  
on the effect ive gamma energies t o  be shielded, 
majority of the  gamnk photons from the  plutonium are above 200 KEV, 
more shielding would be required than if the majority were below 

For example, if the 

200 mb 

Two studies made i n  1958 gave opposing data, 
t he  gamma from plutdniwn and i t s  compounds indicated t h a t  most o f  the 
gama was below 200 KEX. 
RNA Line, on the other hand, indicated t h a t  the  majority of gamma was 

Laboratory analysis of 

Film badge measurements made d i r ec t ly  on the 
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above 100 KEV (radium-gamma). 
laboratory data  was more nearly correct,,  t he  film badge data  carr ied 
more weight as a shielding basis ,  because t h e  measurements were made 
d i r e c t l y  on the  plutonium processing equipment; also,  there  was no 
assurance tha t  the gama spectrum from the  plutonium samples in the  
laboratory were representative of the ac tua l  gama f i e l d  around the  
processing equipment. 

Even though it was believed t h a t  t h e  

To help resolve t h i s  problem, it was decided t o  obtain gamma energy 
measurements d i r e c t l y  on e RMA Line equipment, using a laboratory 
model gama ~ p e c t r o m e t e r . ~ ~ ~ )  These measurements were, therefore, 
taken during the  three  week period of April 27, 1959 through May 15, 
1959. 
Operation, Hanford Laboratories Operation, and was operated by an HLO 
chemis to 

A gamna spectrometer was borrowed from the  Analytical Laboratory 

2. Measurements 

a. Gamna Spectrometer Scans 

G a m a  energy measurements were made with a mobile, s ing le  channel 
gamma spectrometer from t h e  300 Area. To obtain a low background 
and t o  make the  gamma detector  direct ional ,  the photo tube and 
c rys t a l  were encased in a cylinder of lead 1" thick. Lead col l i -  
mators were then inser ted i n t o  the open end of the  lead cylinder 
i n  f ront  of t he  c rys t a l  t o  obtain an optimum degree of s e n s i t i v i t y  
and wide f i e l d  coverage. 
used: gV, lW, and I$'. scans were made with t h e  
1" collimator a t  a distance of about UVf from the processing hood. 
A t  t h i s  distance, t h e  sensing c rys t a l  %eesV8 a c i r c l e  area ( o r  hood 
area)  about f i v e  f e e t  i n  diameter. Other scans were taken closer  
t o  the  hoods using t h e  smaller collimator. 

Three s i zes  of collimator openings were 
Most of the  

Three set-ups were necessary t o  cover t h e  gamma energy range from 
0 t o  2 MEV. 
t h i n  crystal ,  normal se t t ings ;  f o r  50 KEV t o  1.0 MEV, 2" crystal ,  
normal se t t ings ;  f o r  50 KEV t o  2.0 MET, 2" crystal ,  decrease gain 
by a f ac to r  of two. 

I n  general, these  set-ups were as follows: f o r  17 KEV, 

To determine the exact locat ion of thT3ymma peaks on the recorder 
chart ,  an Am2k1 standard and a cesium 
each scan; Am2u gives a 60 KEV peak and Cs137 gives a 0.66 MEV 
peak. 
The general procedure f o r  taking a complete ganrma scan was thus 
as follows: ' 

standard were used with 

A gamma background was a l s o  taken at  nearly all locations. 

(1) Set  up photo tube and se l ec t  a collimator such t h a t  the  dose 
r a t e  at  t h e  c rys t a l  is 1 - 4 mrhr. 



WW-60620 

Page -7- 

. 

(2) 

(3) 

Cover *the photo tube with a 2" lead brick and take the  
background scan. 

Place the  Cs137 standard i n  f ron t  of the photo tube and 
loca te  the  0.66 MEV peak. 

( 4 )  Scan from 900 KEV down to 50 KEV. . 
(5) Place a 4" X-Ray glass p la te  over photo tube and repeat 

scan. 

( 6 )  Repeat with other absorbers, if necessary, 

(7) Change gain s e t t i n g  and scan (without absorber ) from 1.5 
MEV down t o  0.9 MEV. 

( 8 )  Repeat with absorber, i f  necessary, 

(9) Change crystals  and place Am2b1 standard i n  f ront  of photo 
tube t o  locate  60 KEV peak. 

(IO) Scan f o r  17 KEV. 

A complete scan, taken as above, requires about lh hours. 

e 

GM Measurements 

For comparison purposes and t o  obtain gross g a m  flux measurements 
at each processing location, a standard Geiger-Mueller (GM) counter 
was used i n  conjunction with the  spectrometer. The Geiger tube was 
shielded on three s ides  by t*t of lead i n  order t o  reduce the  back- 
ground and t o  make the  measurements direct ional ,  The f i e l d  of view 
of t h e  CM tube was thus about 80 degrees, 

The gamma counting range of the GM i n s t m e n t  is  100,000 c m as 
measured a t  three sens i t i v i t i e s  on one scale: 0 - 1000 c / m, 
0 - 10,000 c/m, and 0 - 100~000 c/m, When the  gamma spectrometer 
measurements were made, three measurements were also made on the  
GM as follows: 
absorber (which stops nearly all 17 KEV), and 3) with a $It X-Ray 
glass absorber. 

1) with no absorber, 2 )  with an 80 m i l  aluminum 

The efficiency of the GM counter is low at energies much below 
500 KEV, For the major plutonium and f i s s ion  product gamma 
energies, these eff ic iencies  are approximately as follows: . 
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GI4 EFFICIXNCY 

. 
50% 
90% 
83% 
48% 
63% 
83% 
100% 
100% 

A ca l ibra t ion  of t he  GM t o  dose r a t e  was made by R, E, Slater ,  
Radiation Monitoring U n i t ,  Processing Operation, using a COP. and 
a standard plutonium gana?la. source. It is estimated that 5000 c/m 
on the  GI4 is equivalent t o  about one mr/hr. 

RESULTS AND CONCLUSIONS 

Twenty-three locat ions on the EIMA Line and in Recuplex were scanned with 
the  spectrometer. 
cases, 0 t o  2.0 MEV. 

The energy range covered was 0 t o  1.0 MEV and, i n  some 
The r e su l t s  of these scans are shown i n  Figures 1-  25. 

Table I shows a swnmary of the  overa l l  data in Figures 1 - 25. 
par t  of Table I show t he  percentage d i s t r ibu t ion  of t h e  major gamma energy 
groups ( o r  peaks) and the  second pa r t  shows t h e  r a t i o  of each energy t o  the  
380 KEV peak. 
e f f e c t  of t h e  varyin f i e l d  in t ens i ty  is eliminated; also, the  380 KEY peak 

and is therefore  a f a i r l y  good index f o r  comparing data. 

The f irst  

These l a t t e r  r a t io s  simplify analyzing t he  data because the 

(due primarily t o  Ax 5 39) i s  r e l a t ive ly  stable compared t o  the  other  peaks, 

Table I1 gives the  present f i e l d  dose rate a t  each of t h e  locat ions studied 
and the  dose rate expected i f  shielded w i t h  et X-Ray glass o r  equivalent 
(taken from Figures 1 - 25). 
a t  each location. 
obtained by RMU personnel using a COP. 

Table I11 gives a se r i e s  of GM measurements taken on the  RMA L i n e  and i n  
Recuplex p r i o r  t o  the  current gamma scan measurements, This information 
is presented as supplementary t o  other  da ta  in t h i s  report. 

Also given is the  present neutron dose r a t e  
The unshielded gama dose r a t e  measurements were 

Table IV l ists  t h e  gamma dose received by ko RMA Line and Recuplex 
operators between December 15, 1958 and March 9, 1959, and was obtained 
from film badge exposure records i n  HLO. 
as supplementary da ta  f o r  analyzing t h e  overa l l  shielding and exposure 
problem. 

This information i s  d s o  given 

The following observations are based on the  r e s u l t s  of this study: 
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I V e  RESULTS AND CONCLUSIONS (Continued) 

1, G a m m  Enerm Spectrum 

The spectrometer data obtained from pluto ium processing areas confirms 
previous theore t ica l  and laboratory d a t a !  Essentially,  there a r e  eight 
major gama energy groups (o r  peaks), and these include 34 primary gamna 
energies, Briefly,  these groups a re  as follows: 

. 
e 

Major 
Energy 
Group 
or  Peak 
0 

Range of 
Energies 
i n  Group 
B Z L  

14 - 26 17 

60 37 - 65 

100 99 - 145 

200 150 - 208 

268 - kx)  

500 - 620 

7 50 750 

2, Location of I4a.ior Gamma Enemies 

The 1J. 60a 100. 200, and 380 KEV peaks were found at a l l  plutonium 
processing locations. 

The 500 KEV peak (h) was detected a t  on ly  one location, the  R & B 
Hood i n  Recuplex, 
1% of the  total. gamma radiation, 

A t  a l l  other  locations,  the  500 KEV was l e s s  than 

e 750 De& (Zr) was found in Low quantity at several  locatA.onS 
Certain where fairly l a rge  quant i t ies  of plutonium were i n  process. 

i nd iv idud  pieces of plutonium metal showed f a i r l y  high amounts,, 
highest  750 KEV concentration was in the  R & B Hood i n  Recuplex,, 

The . 
The 1.3 MEV peak (F190( h Na'") was not detected on the  €?MA Line 
( a t  Hood 9-A in par t icu lar ) ,  
the  gamma spectrometer used may have a 1ow.sens i t iv i ty  f o r  l,3 MEV 
photons, so t h e  limit of de t ec t ab i l i t y  is  probably a few percent. 
plutonium f luor ide  sample 18 months old was measured on the spectrometer 
and showed 4% not including the  17 KEV (see Figure 25), 

It should be pointed out, however, t h a t  

A 
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. 

3. Distribution of Gamma Eneraias 

From Table I, a general picture  of the gamma energy d is t r ibu t ion  on 
t h e  MA Line is as follows: 

Energy 
0 
17 + 60 

100 

200 

380 

750 

Number 
of 

Locat ions 

10 
13 

20 
3 

21 
2 

9 
14 

1 9  
2 
3 

Range of 
Amount 
A 
80 - 94 
43 - 79 

2 -  8 
10 - 20 
1 -  5 
8&l2 

2 -  6 
10 - 31 
0 -  4 
9 & 18 
20 - 24 

4. & w e  0 f Variance i n  Gamma Enerm Distribution 

It is observed i n  Table I t h a t  the  r e l a t ive  amounts of gamma photons 
at the  various gamma energies vary as the amount, age, and/or surface 
area of t he  plutonium. 
as. follows: 

I n  general, these variances appear t o  occur 

Degree of Dispersion 
(Le.* Scattered PuO, or  PuFb) Pu ARe 

Amount of 
Pu Present 

17 
60 

100 
200 
380 
500 
750 

1 
1 
1 
1 
2 
2* 
2* 

0 - Relatively no ef fec t  
1 - Small ef fec t  
2 - Large e f fec t  

* It should a l s o  be noted t h a t  the amount of 500 KEV (ruthenium) and 
750 KEV (zirconium) present in many areas is influenced by the  DF 
at h r e x  and Redox. 
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5. (knma Enerm Data C a m r e d  t o  F i b  BadRe Data 

The d is t r ibu t ion  of gamma as recorded on personnel film badges a t  
several  locations on the  fiMA Line is shown in  Table IV. 
of these data is  as follows: 

A summary 

Locat ion 

Hood j, F.2 Can 
Unloading, 
General I, XI$ 
I11 Work 

Hoods 7, 94, 
Tasks 111, IV 

Task V 

Briqye t t ing 

Recuplex 

* 

No. of 
lperat ors 
in  Group 

7 

20 

12 

2 

I 2  

Average Dk t r ibu t ion  of 
Ibs e 

Radium- 
GWXlUla 

;)lo0 KEV) 

67 

72 

75 

77 

67 

Average 
Two-W eek 
Dose per 
Operator 

Period) 
(58 Day 

609 mr 

671 m r  

633 mz- 

623 m r  + 

6. ComDarison of Gamma SDectrometer Data t o  Personnel Film BadRe Data 

spectrometer data (paragraph 3) and film badge data 
as follows: 

Average Breakdown 

17 IiEv 100 l a y  
+ a m  and Over 

Film Badge Data 28% 72% 

Gemma Spectrometer Data 70% 30% 

It is  now presumed tha t  the  gamma spectrometer data is .more nearly 
correct. 
badge data  is distorted: 

a. 

There are two possible eq lana t ions  as t o  why the  film 

Not all of the 17 and 60 KEV is %eenw by the  film badge. 
Radiation coming from behind the operator ( L e .  9 when he turns 
h i s  back on the major gamma f i e ld )  would be attenuated by h i s  
body such t h a t  only  the  harder gamma would reach the badge.. 



Page -12- 

bo The'fi lm density of the  over 60 KEV f rac t ion  (radium-gamma) may 
be bias high due t o  the  cal ibrat ion curve of the  f i lm  &e., film 
densi ty  vs gamma energy vs dose), 

This would tend t o  indicate  t h a t  gamma energy d i s t r ibu t ion  as indicated 
by the  film badges is  bias, 
by the  badge is  high, low, or nearly correct cannot be estimated 
accurately at t h i s  time. 
Finished Products. 

However, whether the  ac tua l  dose measured 

This problem w i l l  be pursued further by PRO, 

7. - n of Garmna Flux by 4" X - b y  Glass 

The attenuation of the major photon energies by et %Ray glass as 
measured on the HMA Line (averaged from Table I) a re  c m red below 
t o  t h e  attenuation predicted by calculation (i.e., eoU',?egl.ecting 
build-Up) 0 

Gamma 
Spe c t  ramet e r  

Data - m (Table I, Part  2) Calculated ( e-ut) 

17 + 60 + 100 
200 
380 
750 

>95% 
70% . 
39% 
20% 

> 95% 
82% 
35% 
15% 

By applyling these fac tors  t o  the  gamma dist r ibut ions in paragraph 4, 
it is estimated tha t  
ovexall reduction i n  g k  flux of a t  l e a s t  80% and, i n  same cases, 
over 90%. To achieve t h i s  reduction, gloves must be excluded from 
the  f i e ld ,  since a glove alone can have a dose r a t e  of about 20 m/hr 
(as  several  do in Hood 9 4 ,  due ma in ly  t o  17, 60, and 100 KEV from 
Pu024ust on the  surface. 

Reduction i n  Dose Rate by %9t X-Ras Glass 

Table I1 shows the application of attenuation factors  f o r  $* X-Ray 
glass t o  the ac tua l  dose ra tes  on the  RMA Line. 
show the  following: 

X-Ray glas.s ( o r  equivalent) will give an 

8. 

Briefly, these results 

Locat ions ' Dose Rate After Shielding 

RNA Line (except Hood 9-A) L 1 mrhr Q 3" 

~ E ~ l ~ S S l F ~ E 5  
Recuplex - SE Hood 0.4 - 2.0 m/hr @ 3'* 

S & C Hood 
RB Hood 

L 1 m/hr Q 3" 
2 - 7 mr/hr Q 3?? 

(Neutron doses are  excluded) 
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It should be noted t h a t  in order t o  apply the reductions in gamma f l u  
(A  /sec/cm2) t o  dose r a t e  (mr/hr) estimates, correctkon fac tors  must be 
used t o  account f o r  the  re la t ive  differences in b i o l o g i c d  e f f e  t i  eness 
of the  d i f f e ren t  gamma energies, These fac tors  a r e  as follows: PllJ 

Effectiveness Factor Use i n  
. Changing Ga,~rana Flux t o  Dose Rate Energy - KEV ( 6 O K E V = 1 )  

V, # X N m m T S  
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Laboratory, Hzo, who spent three weeks obta in ingthe  gamma energy data on 
the  RMA Line, and t o  R, E, S la t e r  and H, A, Moulthrop f o r  t h e i r  most helpful  
consultation and assistance. 

1, HW-5538.4, ?%Plant Radiation c Study?, H, A, Moulthrop, March 20, 1958, 

2, Hw-554.63, "Special Sampling Program - Interim Report #2", H, A, 
.Moulthrop, March 27, 1958, 

3. m-56102, "SpeciaJ Sampling Program - Interim Report #3?', H a  A0 
Moulthrop and C, Lo Brown, May 21, 1958, 

5, HW-51317, '?Surface Dose Rate from Plutoniumw, W, C, Roesch, 
July 10, 1957. 

60 "Dose Rates from Highly Irradiated Plutonium", E, T, Merril l ,  
January 28, 1958, 

7. w-57716, Vhielding Basis f o r  High Exposure Plutonium Button L b e  - 
Part  I - Gamma Shielding for Feed Tanksf?, C, Lo Brown, October 20, 19% 

8. HW-58093, Whielding Basis f o r  High Exposure Plutonium Button Line - 
Part  I1 - Neutron Shielding f o r  Feed TanksBV, Revised, February 11, 1959. 



. 

9. 

10 0 

11, 

Personal communication G. E, Backman to 
Badge Studyn, about March, 1958. 

Letter to  R, E, Smith from C, L, Brown, 
the RNA Line", AprU 17, 1959. 
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E. 0, Swain, Wpecial Film 

VtGmna Energy Spectrum on 

TUr-7004, Weactor Shielding Design Manual", To Rockwell, March, 1956, 
page 20. 

. .  



* . 
I 

% cbmQa 
Flux in 
each 

17 
60 
100 
200 

1 
Ratio of 
each 
g- 
energy 
t o  380 
KEV 

I 
% Re- 
duction 

TAEm I 

SIMfAIU OF G&MA SCAN DATA 

(Taken from Figures 1 - 25) 

Hood N o .  
24 9-A 

3 5 7 L w C  ' T  14DC 16ss 17 200A xx)C 2OOBR 22%D-' SSG W+ 27R 

40 
15 
4 
2 
10 
1 

28 

33 
45 
7 
2 
10 
ND 
4 

65 
1 5  
7 
3 

10 
ND 
ND 

67 
u 
4 
2 

10 
ND 
2 

60 
14 

6 
1 

19 
ND 
ND 

M 
34 
8 
4 
6 

ND 
ND 

60 
8 
6 
2 
20 
ND 

4 

30 
62 
2 
1 
5 

ND 
ND 

44. 
50 
2 
I 
2 
ND 
1 

k6 
32 
8 
3 
10 
ND 
1 

40 
13 
11 
3 
31 
ND 
2 

Ir,o 
23 
10 
4 
20 
ND 
3. 

0 
39 
34 
10 
17 
ND 
ND 

45 
45 
6 
1 
3 
ND 
ND 

38 
8 
20 
5 

27 
ND 
2 

. 

99 95 >95 >95 93 96 795 98 >95 - >95 >95 98 > 95 
- 71, 82 68 69 - 46 L2 29 30 

82 42 70 69 66 82 75 75 77 
30 28 468 36 43 55 41 39 44 

* ND = Not Detected 
SS = Scan taken through 3/4" s tee l .  

. GV = Scan taken through glovee 

w+ L - Lower 
C - Center 
T - TOP 



TABLE I (Continued) 

Ratio 
of each 
g- 
energy 
t o  380 
KEV 

- Glass 

@ 
2 
7 
2 
25 
ND 
24 

3 
59 
19 
3 
16- 
ND 
ND 

27 31 
21 35 

4 
49 62 

12 61' 42 49 
54 29 27 13 
19 * 5 7 9 7 3 

1 12 14 4 3 4 
6 u. 4 9 12 10 5 

ND 
ND ND 3 4 9 1 1 

4 

ND ND MD ND ND ND 

ND 

28 - 39 
18 15 43 56 
4 5 18 5 
5 8 5 10 
9 13 31 25 
5 13 ND ND 
x) 18 3 ND 

0 4 

2.2 - 1.6 0.2 1.1 16.0 4.5 4.1 5.2 5.2 5.l. 4.3 
0.1 3.6 5.0 
0.3 
0.1 0.2 0.3 
1 1 1 1 1 1 1 1 1 1 1 

7.7 2.9 1.1 2.2 12 9.. 6 1.9 1.1 1.4 2.2 
0.6 0.2 

0.3 0.7 0.8 0.4 0.5 0.7 0.6 0.6 0.2 0.4 
1 1 

1.1 1.8 1.4 1.2 1.2 0.7 0.7 0.6 0.4 0.4 

- 0 1 - 0.5 
0.3 0.3 0.9 0.7 0.1 2.2 1.4 0.1 0.9 

>95 98 >95 j95 )95 

51 54 72 52 85 
49 40 54 33 41 

I 2  25 

)95 )9S 295 >95 

71 62 65 80 
33 28 27 48 

25 61 
20 zr, 

97 
89 
79 
30 

* GS - Scan taken through safety glass. 
GV - Scan taken through glove. 



Page -17- 

Hood No0 

3 

5 

7 

9A Lower 
9 A  Center 
9 A  Top 

14 

16 BS 

17 

200 A 

200 c 
200 BR 

* 22 BD 

(Glove) 

27 R 

HC 22 

3 - 6  

3 - 7  

18 - 30 

3 

5 

3 

5 

3 

2 

1 

1 

2 

2 

(Taken from Figures 1 - 25) 
$ Reduction 

With pt X-Ray Glass 
-~ 

Measured 
by Camma 

scan 
(%I 

98 

73- 
- 

93 
92 
89 

95 

83 

96 

97 

- 
80 

85 

82 

- 
78 

65 

91 

86 

71 

95 
93 
93 

92 

88 

92 

97 

97 

92 

91 

99 

99 

89 

62 

Net b s e  
Rate With 

Glass 
p x-Ray 

(mr/kr) 

001 

oe2 

002 

1 - 2  
1 - 2  
2 - 3  

0.2 

00 5 

004 

001 

002 

0.6 

002 

002 . 

004 

0.7 

Present 
Neutron 

Dose Rate 
6p 6fw 

(mem/hr)  

1 - 2  

0.6 - 1 
4 

r+040 
2 

2 .  

0.4 - 100 
0.4 

0.8 

002 

- 
004 

DELL ASS IFlEU 



TABLE Il; (Continued) 

. 

* Measured by Radiation Monitorug, Finished Products. 
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TABU 111 

. '  

* 

ADDITIONAL GM MEASU-S SHOWING % 17 KIN IN THE FIELD 

AND S EZEDUCTION OF TOTAL G A l M  WITH &" X-RAY GLASS 

(Not included l n  Figures 1 - 25) 
NOTE: 5000 c/m = 1 mrbr (approximately) 

LOCATIQN - 
RMA LINE 

H o o d  2, 36" (a) 
(Classed) 

Hood 7, West End (a) 

South Lower Section (a) 
South Center Section (a) 
D m  F i l t e r  ( a) 

(b) 
Reactor (b) 

H o o d  13 A. B, C, '72" (a) 

Hood 14 DC, 36" . 
H o o d  16 Bs 

,w,, 
Freezer 

Hood 200-q 

NO 
ABSORBER 
Ic/m> 

23,000 

25,000 
22,000 

9,000 
22,000 

38,000 

900 

68,000 

c/m 

I 

18,000 

6,000 

2,000 . 
L0,Ooo 

I) 

60 

67 
51 

73 

78 
55 

&'t X-RAY 

c/m 

2,600 
3,000 

600 

2,;oo 

4,300 
4,500 
3, 500 
3,000 
6,500 

1,300 
1,200 

1,000 
3, 500 

900 

1,500 

CALCULATlED 
$ E D U C T I O N  

93 
93 

98 

89 

92 
91 
96 
93 
92 

90 

95 
95 

89 
81, 

98 

... 
98 

U 
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TABLE 111 (Continued) 

.t" X-RAY p B s  ABSORBER 
NO 

A B S O P ?  
% 

8 CALCULATED 
$ REDUCTION 

:ALCULATED * 
LOCATION 

Hood 200 BR 

W' 
18,000 
17,000 
40,008 
17,000 

20,000 

Thru 4" Pb, On 
Thru Glass, 0" 
Thru Glass, 0" 
Thru Glove, 0" 
Glass + Glove, 6n 

.I 

96 
78 
94 
$8 

0 
50 
43 

-7,000 
!o,m 
9,700 

90 c Haod 22 BD, 6f0 

20,000 2,000 90 

3,500 Hood 27 C 

RECUPLEX 

S 6: E Hood 

West End, 24" (a> 

West End, 36'f (b 

Plexiglas, 0" (b) 

East End (a> 

(b! 
West End, 10" 

West End, 

West End, Glove, 0" (b) 
West Ehd, Top, 2kw (a) 

96 
97 
97 

29,000 
L3,000 

68 
66 

69 
56 

97 
97 
92 
98 

54,000 
43,000 
10,000 
95,000 

L7,oOo 
L9,000 

Dissolver Hood 

23,000 
7,500 

98 
95 

West End, 2hvt 
East End, 

R'& B Hood 

100,000 
50,000 

4,500 
8,000 

95 
84 

South End, 
North End, Wtt 

600 
6,500 

South End, 
North End, 24tt 

30,000 
50,000 
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TABLE III (Continued) 

* * 

LOCATION 
4 

Hood U, (4 
aaE$aais 

(18 months oid), 6" 

4 

NO 
ABSORBER 
-lshL- 
26,000 

100,QOO 

(a) Taken April 23, 195% 

(b) Taken April 24, 1959. 

. ABSORBER 

C A L r n T E D  
% 17 KEV 

2;" X-RAY 

c/m 
2,500 

C 

10,m 

3LAss ABSORBER 

CALCULATED 
$ REDUCTION 

90 

90 
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FfWM BADG E Expasm REXORDG OF UI PROCESS OPERATORS 

Period: December 15, 1958 thmua March 9, 1959 
(58 Vorking D a y s )  

The data below was taken f r o m  film badge e p a u r e  records of 
234-5 Building personnel, compsed by the Exposure Evaluation 
Operation, Hanford Laboratories Operation. 

A. Operators unloading PR Cans at Hood 5, and working in and 
around Tasks I, 11, and III, 

. 

Average 

TOTAL 
X-RAY 
0 

65 
52 
310 
162 
115 
114 
69, 

3-27 

TOTAL 
b o r n  
0 

57 
34 

u7 
59 
55 
47 
21 

56 

TOTAL 
)loo m 
Imr>_ 

266 
217 
447 
360 
556 
388 

2Q1 

365 

67% 23% 10% . 
B, Operators working Hood 7-A and 9-A, and Tasks I11 and IV, 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
13 

30 
111 
126 
107 
180 
53 
82 
65 
75 
103 
121 
62 
162 

68 
105 

74 
83 
84 
89 
85 
60 
94 
57 
67 

103 
69 

3J-4 
99 
50 
73 

391 
474 
489 
489 
544 
496 
532 
391 
349 
490 
296 
k57 
495 
317 
4 X  
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TABLE Iv (Continued) 

TOTAL 

E 
TOTAL 
)lo KEV 
_o 

TOTAL 
6oKEv 

OPERATOR 
66 
84 
51 
83 
71 

16 
17 
18 
19 
X) 

123 
53 
73 
$6 
A& 

518 
490 
257 
430 

285 

* 

Average 94 78 437 

13% 72% 15% 

C, Task V herators 

47 
51 
53 
97 
65 
43 
$3 
59 
23 
41 
33 
3 

653 
500 
5 50 
611 
523 
385 
621 
451 
387 
491 
444 

44L 

1 
2 
3 
4 
5 
6 '  
7 
8 
9 
IO 
11 
12 

53. 115 505 Average 

8% 17% 75% 

3-27 
71' 

583 
398 

1 
2 

43 99 Average . 
77% 7% 16% 
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TABLE IV (Continued) 

E. Recu.PLex Oaeratorg 

OPZERATOR 

1 
2 
3 
4 
5 
4 
7 
8 
9 
10 
ll 
b2 

Average 

TOTAL 

E 
TOTAL 

?my 
78 
76 
65 
60 
52 
71 

122 
56 
75 
31 
37 

. TOTAL 
>loo KEV 
M 

146 42 415 

23% 10% 67% 

Fa Recuplex Operator working at the chemical addition hood 
(upstairs) 

. 
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b . 

GAMMA SCAR OF HOW 5 
(PR Can Unloading Sta.t ion) 

---. Radia t ion  .-- Level o f  Hood 5 

@anurra &me Rate 8 3": 3 - 7 m / h r  (C.P.) 

Neutron Dose Rate 0 6'': 0,6 - 1 mrern/hr 

A. GI4 Measurements at point P 

No Absorber 

13,000 c/m 

80 m i l .  A 1  
Absorber Absorber 

@I X-Ray Glass 

6000 c/m 1800 c/m 
(Sr ($  17 K3.V) (@ Reduction) . 

B, Spectrometer Scan a t  point P 

1 
L 105 

4.0 
10 5 
O * 4  
0.2 
1.0 
0.1 
2.8 

I 

-. X-Ray Glass Absorber 

Photons/t 4 % Reduction 

N D 
9.9 x lo6 

6 I4,5 x 10 

95 

42 
28 

. 1-3/16'' I?iph Density 
Glass Absorber Is Absorber 

3 Reductioq .Photons/t -.---. . k Reduction 

> 95 * 

1 
. 

L m~ 105 32 - 
I jo5 )= lo5 

7 95 
>m 

46 - ND 
34 3 . 8  x lo6 73, 



FIGURE 2 
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, 

GIU..I1<A SCAN OF HOOD 3 
(Old Task I) 

Radiation Level of Hood 3 

c 

e 

A, GM lleasurements a t  point P 

No Absorber 

7500 c/m 

Bo Spectrometer Scan a t  point P 

m 

17 
60 
100 
200 
3M3 
500 
750 

Total  

- 
No A 

Phot on5 It 

10.6 x 
9.3 x 

3.7 x 
, 4.2 x 

M D 
1.J D 

5.5 X 

21.2 x 106 

sorbcr 

L 
50 
lclc 
3 
2 
2 

GO mil Al 
Absorber 

4500 c/m 
(60% 17 KJW) 

Ratio t o  
380 UT 

25 
22 
1.3 
0.9 
1.0 

4'' X-Ray Glass 
Absorber 

700 c/m (s Reduction) - 

L .  k'' X-R 

photons /t 

4.6 x 105 

r Glass 

$ Reduction 

-99 

82 
30 

- 
. 90% (Net) - 



b 

m 

17 
60 
100 
200 
380 
500 
750 

I '  
KO Absorber 

Ratio t o  
Riotons/t 300 KEV 

1.1 107 33 3.2 
k5 40 4 105 X 

0.4 
0.2 

1.5 X 10 

100 

1.3 106 4 004 

7 

10 
5.2 x 105 2 

LI 

3*4 ND x lo6 - 

Radiation Level of Hood 7 

crW-b06x> 
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2. i -- 
I 

Meutron Dose Rate @ 6" = 4 mremfir 
(probably from Hood 9-A) 

-4 J 
c 

A, GN Measurements at WU t P  

GO mil Af 
Abs orbor 

4" X-Ray Glass 
Ab s orb er No Absorber 

4000 c/m (m Reduction) - 
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FIGURE 4 

. 

GAMMA SCAN OF LCWER SECTION OF HOOD +A . 

(Filtrate Receivers) 

A. 

I' 

a Measurements at point P 
1 

MO Absorber 

B. Spectrometer Scan a t  point P 

KEV 

17 
'60 
100 
200 
3130 
500 
750 

Total 

No A 

Photondt  

300 x 106 7 . 

6.9 x lo6 
l o 5  x 10 

ND 
ND 

46.0 x lo6 

3.2 x io6 

4.5 x 106 

sorber 

65 
15 
7 
3 
10 

Radiation Level of Hood 9-A - General 

Gamma Dose Rate @I 3":' io - 30 mrhr (COPo) 

Neutron Dose Rate 8 6": 14 - 40 mrem/hr 

4" X-Ray Glass 
Absorber 

XKK) c/m 
(B Reduction) - 

Ratio t o  
2a!E!L 

- X-Ray Glar 

4*4 x lo? 
) 

2.8 x lo6 

-~ . 

3.4 x lo6 

3 Absorber 

% Reduction 

795 

70 
k8 
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FIGUIEE 5 

GAMMA SC&J OF CE3JTER SECTION OF HOOD 9-A 
( Fluorinat or) 

. 

. '  

Mo Absorber 

38,000 c/m 

GN Measurements at point P(1) 

GO m i l  Al 
Absorber 

13,000 c/m 
(66% 17 m) 

Spectrometer- scan at point P( 21 

No A 

Photons/t 

4.1 x 
8.6 x 
2.4. x 
1.4 x 
606 x 

11 D 

IJD 
FJD 

1.3 x 

10 

lo6 

61.3 X 18 6 

3orber 

A- 
67 u 
4 
2 
10 

2 

Ratio t o  
380 KfN 

6,2 

0 e 4  
0.2 
1.0 

0.2 

1.3 

Radiation Level of Hood 9-A 
General 

Gamma Dose Rate 43 3": 18 - 30 m/hr 
( C O P , )  

Neutron Dose Rate 0 6% 14 - 4.0 
mrem/hr 

41' X-Ray Glass 
Absorber 

2800 c/m 
(B Reduction) - 

Phot o n d t  

4 e 9  x lo6 

s Absorber 

% Reduction 

> 95 

69 
36 . 

NOTE: P(2) was scanned for 1.3 IGV and none was detected. 
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g 

60 
14 

6 
1 
19 

FIGURE 6 

Ratio 
380 mv 

3.2 
0.7 
0.3 
0.1 
1.0 

I 

. 

GAITMA SCAN OF TOP SfiCTIO'fJ OF' HOOD 9-A 
(Precipitation - Cdcination) 

A. Keasurements a t  point P 

No Absorber 

40,000 c/m 

B, Gam Scan at point P 

I\!o A I--- 

Total 

60 mil A 1  
Absorber 

Radiation Level of Hood 9-A - General 

~amna Dose Rate Q 3": 18 - 30 mrhr ( ~ 0 ~ 0 )  

Neutron Dose Rate 69 6": 14 - 4.0 mremhr 

X-by Glass 
Absorber 

n o t o n d t  

1 
\L 1 x 105 

600 x 106 

I Absorber 

% Reduction 

93 

66 . 
43 
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- 

FIGURE 7 

e 

. 
GAJ8IA SCN'J OF HOOD 14 DC 

(Dutton Urcaltout) 

A. GM Neasurements a t  point P 

No Absorber 

$300 c/m 

B, G& Scan at point P 

17 
60 
100 
200 
3 m  
500 
750 

Total 

h o t o n s / t  

8.7 x lo6 6 
6.1 x 10 
1.5 x lo6 

. 7.4 105 
1.1 x lo6 

€J D 
N D 

6 I lt3.1 x 10 

@ 
34 
8.  
4 
6. 

Radiation Level of Hood 14 DC 

G& Dose Rate 8 3": 4 m/hr (c.P.) 

Neutron Dose Rate @ 6% 2 mmhr 

rn mil Al 
Absorber 

7.9 
5.5 
1.4 
0.7 
1.0 

X-Ray Glass 
Absorber 

700 c/m (s Reduction) - 

96 

82 
55 



@ X-Ray Glass Absorber 
Photons/t $ Reduction 

I 

1-3/L61' IIigh Density Glass 
Photoq/t  % Reduction 

Page -32- FIGURE 8 

CAHMA SCAN OF 1100D 16 
(metal Storago) 

Radiation Lcvel of Hood 16 EU 

G a m a  Dose Rate 0 3": 3 mr/hr ( copo)  

IJeutron hw Rate @ 6": 2 mrem/hr 

I.--- 

A e  (31 Neasurements at point P 

&" X-Ray Class 
Absorber 

GO mil AI. 
Absorber No Absorber 

32,000 c/m P#l 3500 c/m (m Reduction) 

3doo c/m (m Reduction) 

- 
7 

P$2 23,000 c/m 

B, Gamna Scan a t  pair$ P#l 

3orbcr s Absorber 

% Reduction 
Ratio t o  

-380 mv 

3.0 
0.4 
0.3 
0.1 
l e 0  

002 

_s_ 
60 
8 
6 
2 

20 

4 

>, 95 
75 
u 
17 

83% (Net) 

- 
- 6 9.2 x 10 

Absorber 

1 2 x 1 0 5  

. L 1.6 x 102 
4.0 x 10 

. > 95 
64 

62 - I 5.3 x lo6 I (Net) - 8 x 105 Total 
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GAMMA SCAlv OF HOOD 12 
( Casting ) 

Radiation &eve1 of Hood 17 

Ganona Dose Rate @1 3% 

~eutron  Dose Rate QB 61% 

5 m/hr (COP,)  

2 mremhr 

. 

A, GI4 Measgrernents at point P 

No Absorber 

8400 c/m 

KEV 
Llllll 

17 
60 
100 
200 
380 
500 
750 

TotaJ. 

I;o mil A 1  
Absorber 

sorber, 

30 
62 
2 
1 
5 

- -  

Ratio t o  
380 KW 

&lt X-Ray Glass 
Absorber 

700 c/m (s Reduction) - 

motons /t 

1 
1 
~ 3 ~ 1 0 5  

1.1 x 1QZ 
1.1 x 10 

1.5 x 10 6 

B Aborber 

$ Reduction 

98 

75 
39 



FIGURE 10 

GN*'I!4A SCAN OF IV'lOD 200-A 
(Maintenance and 13uttori Londoul;) 

Radiation Lave1 of Hood 200-A 

Gamma Dose Rate d 

Noutron Dose Rate 

G?I Measurements at point P 

CO m i l  AT 
Po Absorber Absorber Absorber 

12,000 c/m 1100 c/m 

&*I X-Ray Glass 

33,000 c/m 
(6448 17 KEV) (a Reduction) 

Gama Scan at poin t  P 

KEV 

17 
60 
100 
200 
3 a  
500 
750 

Tota ls  

- 
No A sorber - 
L 
44 
50 
2 
1 
2 

1 

Ratio t o  
380 KEV 

18 
20 
0.7 
00 4 
1 .  

I 

motons/t 

ND - 
1.1 x lo6 

3 Absorber 

$ Reduction 

> 95 

77 
44 



Pap3 - 3 5  

KEv 

. 

' Photons/t 

GAl*@fA SCAN OF' HOOD 2oO-C 
(Machining) 

A, GI.! 1,leasurements at noint P 

No Absorber 

35,000 c/m 

$0 mil A l  
Absorber 

17 
60 
100 
200 
380 
5m 
750 

ND 
/L 4.0 x 105 

3 Absorber 

s 
46 
32 
8. 
3 
10 

1 
0' 

900 c/m (a Reduction) - 

Ratio to 

4.8 
3.3 
0.8 
Oa3 
l a 0  ' 

0.2 

3m Km 

w 



. 

G&lM.A SCAN OF )K)OD 200-BR 
(Hachining) 

A, GI4 Measurements at point P 

B. 

No Absorber 

25,000 c/m 

G- Scan at point P 

Totals 

Photon& 

2.9 x io6 7 
6.9 x lo6 
5.7 x 10 

1.6 x lo7 
1.8 x 106 

4 9.6 105 
. ND 

52.3 x lo6 . 

aorber - 
w 
13 
ll 
3 

31 

2 

8 o m i l . u l  
Absorber 

Ratio t o  
3so KEV 

0.06 

2100 c/m (s Reduction) - 

R? 0% 013 /t 

{L 3.6 x lo5 
\ 

8 e 2  x lo5 

10.3 x lo6 

3 Absorber 

$ Reduction 

> 95 

74 
46 



c 

w 

I 

Radiation Level of Hood 2243D 
4--- 

GI4 Neaswsments a t  t>ojnt P 

No Absorber 

28,000 c/m 

80 mil Al 
Absorber 

ttf X-Ray G h s S  
Absorber 

14,000 c/m 2500 c/m 
(50% 17 m) (s Reduction) 

Canuna Scan at Doint P 

Photondt 

1.7 107 
1.0 x 10'6 
4.4 It lo6 

1,2 x lo6 

43.1 x lo6 

1.7 x 10 
8.5 x lo6 

. ND 

morber 

-2- 
40 
23 
1Q 
4 
20 

3 

Photondt 

4.2 105 

. 3.0 x 105 
4.9 x 106 

I 
8.6 x lo5 

6.5 x 10' 

HW-60h20 
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Ratio t o  
3sO KXV 

2.0 
1.2 
0.5 
002 
1.0 

0.1 

s Absorber 

% Reduction 

> 95 

82 
k2 



% 

45 
45 
6 
1 
3 

Ratio 
t o  
3c0 
1m. 

15.0 
15.0 
201 
004 
100 

FIGURE 14 

GMNA SCAN OF HOOD 24 
( Deburring) 

Radiation Level, of H o d  24 

Gamna Dose Rate: 1 mr/hr (COP.) 

Neutron Dose Rate Q 6% 0.2 m r e m J h r  

c 

A. GN Measurements a t  point P 

ktfi x-by Class 
Absorber 

80 m i l  Al 
Absorber No Absorber 

1700 c/m P#l 1700 c/m 
(No 17 KEV) 

250 c/m 
(& Reduction) 

(9ps% Reduction) 

IIIL. 

lcoo c/m - 
Bo G-ma Scan a t  P#l &EEL) 

I Gamma Scan at P#2 (GCaUE) 
X-Ray Glasa 

No Ab 

I 
teduction JLPhotons/t 

Absorl 
7 
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2.3 
200 
0.6 
100. 

19.5 x 104 
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29 
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GMM SCAFJ OF HOOD 27-R 
( Inspect ion) 

- 
! n- 

A. GI4 Fleastlrenents at  poin t  P 

No Absorber 

8300 c/m 

B, G m  Scan at point P 

m 

Total 
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B 
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2 

Radiation Level of Hood 27-R 

1.5 mr/hr Gama Dose Rate @ 3": 

Neutron Dose Rate Q 6": 0.2 mrem/hr . 
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Absorber 
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3.2 x 10 
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s Absorber 
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FIGURX 16 

c 

t P$2 --- 
Ply1 

(Glass) (Clove) 

GAI4I.I.A SCAT1 OF MOOD HC-22 
(Storage - RIt.;C Line) 

A, GI4 Measurements a t  point P 

P#l (Glass) 

P#2 (Glove) 

B, Gamma Scan at P#l 
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17 
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100 
200 
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0.9 
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1.4 107 
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'Turnings - 
EJo Balls or 

1bd.i.ntj.on 1,evel- of Hood HC-24-C 

P#2 (Glass) G,um;la lkso Rate @ 3? 2 m/hr bc #3 (Glove) tku t ron  Ilosc Rate 0 6": 0.3 nrem/hr 

Plugs 

A. GI4 Neasurenents at poi-nt P 

P#l 
P#2 
P#3 

B. Gamma 
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1 

6.0 104 
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I------ 

) 
)L 1.0 105 > 95 
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kdFat,ion Lovcl of S & E Hood 

Gama DOSC Rate 0 3": 10 - 28 mr/hr (C.P.) 

Neutron Dose Rate @? 6% 0.6 nrcm/hr 

. 

I 1 
?*I 

A, GI4 Heasurements 

$ 8  X-Ray Glass 
Absorber IJo Absorber 

21,000 c/m P#l 1000 c/m 
(95% Reduction) 

P#la 24,000 c/m 7000 c/m 
(63% 17 KEV) 

1000 c/m (s Reduction) - 
B. Ga~nma Scans 
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---. GAMMA SCAN OF ERST END OF SOLVENT EX"RACTIO€I IIQOD - R E C U € U X  

. 
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A. GI4 Measurement at P#2 

No Absorber 

8ooO c/m 

B, G a m a  Scan at 

00 n i l  Al 
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Radiation Level of S eC E Hood 
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FIGURE 20 

GAl*I.!A SCAN OF \ S T  END OF DISSOLVER IfOOD - RECUPLEY 

t 

A. Q I  Neasurements ,at P& 

B o  Gammtl 
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FIGURE 21 

CAM*lA SCAN OF E&T )$ID OF DISSOLVER HOOD - R E C U P E X  

GI4 Measurement at P#4 

No Absorber 

3500 c/m 

13, Gamna Scan at P#4 

KEV 
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200 
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Total 
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Neutron Dose Rate @ 6% 1.3 mrem/hr 
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FIGUIIE 22 

CAI71I12 SCAN OF' bJORTT1 EKD OF RZCEFI'IOTJ D ~ J D I N C ,  IJOOD - RECUKJ3X 

Radiation Low1 of R et B Hood 

G a m a  Doso Rate @ 3 9  

Neutron Dose Rate 6": 0.4 mrem/hr 

tZ - 23 m/hr (C.P.) 

R d t B H O a D  

A. mf Meaauroments 

W mil AI. 
Absorber No Absorber 
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(40% 117 w) 
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B. C a m  Scan at P& 
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Photons/t g Reduction 

FIGURE 23 

Radiation Level of R &  B Hood 

Gama Dose Rate @ 3": 

Neutron Dose Rate @I 6": 

8 - 23 mrhr 

0.4 mrem/hr 

( G P O )  

A, GI1 Neasurement a t  P#6 

X-Ray Glass 
Absorber 

(;6 mil Al 
Absorber No Absorber 

37,000 c/m 3500 c/m (s Reduction) - 
B. Gama Scan a t  P#6 
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(Pu02 A p :  About two months) 
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