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A3STRACT

Experiments were conducted during Operation Plumbbob (1) to inves-
tigate the beta-gaimna exposure-rate ratio from fallout to establish de-

• sign criteria for high-range beta-gamma survey instruments and (2) to
evaluate existing civil defense radiological instruments.

Results of these investigations confirm results obtained in Oper-
ation Teapot (WT-1190). Concluoions reported in WT—1190 were tha t de-
sign criteria for the high-range instrument, CD V-720, agreed with the
requirements for such an instrument. The item of major interest was
the effect of a 50 mg/cm2 window on the attenuation of beta radiation

- from fallout. Experiments showed that the component of the total quart-
tity of beta radiation absorbed by the window, and not indicated by the
instrument, was small enough that its contribution to the total hazard
was insignificant.

Recommendations made in WT-1190 were to (1) develop satisfactory
instrument-calibration facilities and (2) use sealed ionization cham-
bers to eliminate the change in sensitivity of survey meters as a func-
tion of altitude. These recommendations were accepted and incorporated
in ionization type survey-meter specifications. The recommendation
that an operational check or circuit check rather than a simple battery
check be provided for all survey meters was also incorporated in in—
struinent specifications.

In addition to evaluating FCDA Standard Item Specification Instru- 
-

ments, sample instruments supplied by the British civil defense organi-
zation were evaluated. These instruments have performance characteris-
tics similar to FCDA instruments, but they are more difficult to oper-
ate.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES 
j

Objectives of Project 35.4 were (1) to study radiation character-
istics of fallout materials as related to penetrability vs. time imme-
diately postshot and (2) to evaluate the performance of radiological
defense instruments in field use. The information obtained in (I) pro-
vides the operating criteria for (2). If all instruments (CD V—700,
CD V-h O , and CD V-720) satisfactorily respond to biologically hazard-
ous radiation, then each has performed its function. If the variations
of instrument response to different radiation characteristics can be
predicted , then the instrumen ts will provide information to assist in
evaluating the biological hazard.

1.2 BACKGROUN D

The Federal Civil Defense Administration has for several years
been engaged in a long-range program of radiological instrument devel-
opment, procurement, and distribution for emergency use. Early speci-
fications for instrument design were based on the only experience
available, that of the national laboratories operated by the Atomic En-
ergy Commission and other similar organizations such as the NAtional
Bureau of Standards. This experience was different from that antici-
pated for civil defense operations. To improve the knowledge in this
field, arrangements were made ~o participate in the weapons test pro-
grams at the Nevada Test Site and the Pacific Proving Ground. Partici-
pation as test observers provided FCDA personnel with enough informa-

• tion to prepare preliminary design specifications for some instrument
types. These instruments were produced in limited quantities and were
used for further investigations .

Evaluation studies w
~
re conducted using these instruments during

Operation Upshot—Knothole in 1953. The results of these tests pro-

7
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v ided  t h e  bas is [or improved  i n s t ru m en t  dc~ i gn .

Improved  ns t rumen t s and pro t o t  v instruments o t d i f f e r e n t  types
wer e evaluated d u r i n g  O p e r a t i o n  TeapoC in 19~~5. In addition to the
evaluation ot i n s t r u m e n t s  alread y in production , a cursor y evaluation
of a CD V- ’20 prototype unit was made . Studies of radiation character-
istics ol ta llout materials were made to de te rmine  required response
characteristic s ot Iii~~li—r an~;e i n s t r u m en t s .  Results of the studies were
most  i n t e r e s t  i n g ,  bu t  thor  were inconclusive because of limited sho t
p a r t i c i p a t i o n . Th i s  report gives results of the latest efforts to eval-
uate FCDA instrume nts .

REFERENCES

I.  V a r t o u ; A~~p ect s ot Nuclear Radiation Measurements for Civil Defense
R a d i o l o g i c a l  I ) e t & n s e  Purposes , Operation Upshot—Knothole Report ,
WT-805.

2 . E v a l u a t i o n  ot C i v i l  Defense  Radio log ica l  Defense Ins t rumen t s , Oper-
a t i on  Teapo t Repor t , WT- 1l90 .
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Chapter 2

BETA-GAMMA EXPO SURE RATE

‘I

2.1 OPERATIONAL PROCEDURE

The beta-absorption instrument shown in Fig. 2.1 was designed and
fabricated for this project by the Instrument Division , Brookhaven
Nationa l Laboratory. Except for minor modifications , the instrument is
identical to the one used during Operation Teapot and described in
WT-1190. It consists of an aluminum block containing seven identical
parallel-p late ionization chambers 1.5 cm deep by 15 cm in diam eter
with al Mminum absorbe5s increasing in thickness by factors 1 2 from7 mg/cm’ to 440 mg/cm . An additional absorber of 440 mg/cm thickness
was inserted under the io9izatiou chamber block to increase the ab-
sorber range to 880 mg/cm . A separate electrometer inpu t circuit was
wired in a Lubrifilm-covered block at the collector of each chamber. A
remote unit contained a sing le final amplifier stage for all the elec-
trometer stages , a sensitivity switch , an absorber-chamber selection
switch , and zero—adjustment potentiometers for each of the seven cham-
ber electrometers. The input resistors of the six chambers not in use
were shorted out by Victoreen remote-control switches , and the input
resistor of the unit in use could be shorted out by the push-button
switch for zero adjustment of its electrometer.

To obtain biological-hazard data , the unit was placed ~uccessively
on each of three tables , 12, 30, and 60 in. above the ground , repre-
senting the lower , middle , and upper portions of a standing human. The
tables are ~h own in Fig. 2.2. Intensity measurements were made for
eight separate absorber thicknesses at each of the three elevations . A
plot of this information defines the radiation field as a [unction of
energy and elevation above the surface. Subsequent measurements at the
same point define the radiation field as a function of time .

9
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2.2 RESULTS

Results of measurements made during Operation Plumbbob confirmed
the data obtained in Operation Teapot. Data were collected from one
tower shot and one balloon shot. The tower shot produced heavy fallout
of fission-product activity on-site. This fallout contained an intense
and penetrating beta-radiation component. There was an absence of beta
activity in material from the balloon shot at sampling locations. The
radiation encountered was apparently due mostly to neutron-induced ac-
tivity.

Beta-absorption data from Appendix A are plotted in Figs. 2.3,
2.5, and 2.7. Figures 2.3 and 2.5 present data from stations 1 and 2,
which were along the fallout path from the tower shot; and Fig. 2.7
presents da ta from station 3, which was in the radiation field from the
balloon shot. Table 3.1 presents readings from portable survey meters
taken at the same time and place as the data presented in Figs. 2.3 and
2.5. Figures 2.4 and 2.6 present the components of total beta and gam-
ma radiation that penetrate absorbars of 50, 100, 200, and 400 mg/cm2

thickness ~ompared to the gamma radiation penetrating an absorber of
1000 mg/cm’ thickness plotted as a function of time postshot. The
straight line representing reduction of gamma intensity as a function (
of time follows t~~~

2 for this time interval. Because curves repre—
senting beta penetration contain this gamma component as well, the
curves will approach the gamma radiation approximately three days post-
shot. Thus the curves plotted in Figs. 2.4 and 2.6 show the variable
portion of the beta intensity vs. time relation. The relative intensi-
ties of b~ta radiation having sufficient energy to penetrate 200 and
400 mg/cm diminish rapidly, but less energetic beta radiation, after
an initial decrease, apparently follows the same decay as gamma radia- 

. 

- 
-

tion.

Beta-gamma intensities plotted in Figs. 2.3 to 2.7 are given in
rads per hour rather than roentgens per hour to overcome the obvious
shortcoming of presenting beta-radiation intensity in units not defined
for beta radiation. Chambers used in absorption measurements were air-
filled at atmosRheric pressure and were calibrated in terms of their
response to Co6’

~ ganuna radiation in roentgens per hour. Response of
such a chamber to beta radiation should be such that 1 rep/hr of beta
radiation produces the same ionization current as 1 r/hr of gamma radi-
ation . Thus, 1 rep of beta • 1 r of gamma 83 ergs/g of air. The
over-all instrument indication is given in roentgens per hour, repre-
senting the sum of gamma intensity and equivalent beta intensity. Con-
sequently, a conversion of rep to rad and roentgen to rad would be the
ratio of 83 ergs/g to 100 ergs/g. The instrument calibration given in
roentgens per hour per unit of scale deflection is converted to rads
per hour per unit of scale deflection by incorporating the factor
83/100. The absolute magnitude of radiation intensity is academic be-
cause it is the relative intensity of beta to gamma radiation that is

12
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sought in the data.

2.3 DISCUSSION

The high-range beta-gamma discriminating CD V-720 ionization-
chamber instrument was designed as a limited-use instrument intended
for measurements of fallout radiation containing a large component of
penetrating beta radiation . Teams using such an instrument should be
better trained in measurement techniques than those trained only to
perform measurements with the medium-range CD V-7l0.

To use the CD V-720 to its maximum capacity, the operator should
have a good background in the radiation sciences and be thoroughly
briefed on how beta and gamma radiation affects instrument readings .
He should know the exposure criteria for beta and gamma radiation and
should be able to judge safe operating practices for each radiological
situation.

The biological significance of beta radiation as an external haz-
ard has not been completely determined , and conclusions based on the
data given do not indicate what portion of beta radiation emitted by
fallout ma terial should be indicated by the instrument. For some times
immediately postshot the intensity of beta radiation having sufficient
range to penetrate the skin is a factor of 10 or more greater than the
intensity of gamma radiation . This is a significant quantity even if
partial shielding of clothing and higher tolerance of skin are taken
into consideration.

2.4 CONCLUSIONS AND RECOMMENDATIONS

Field data of the characteristics of beta radiation compared to
gamma radiation from fission-product activity are now essentially com-
plete. From this information the response characteristics of an in-
strument that will indicate the biological hazard can be determined.

The special instrument used in these m easurements has been cali—
brated for gamma radiation but not for beta radiation. Such a calibra-
tion is not a simple matter because the geometry of the field measure-
ments must be approximated. Also, this beta calibration will require a
correlation between beta and gamma intensities for several beta ener-

2gies representing, for example, ranges of 50, 100, 200, and 400 mg/cm
The authors understand that such a calibration will be performed .

18 - 
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Chap te r  3

RADIOWCICAL DEFENSE INSTR UMENT EVALUATION

3.1 OPERATIONAL PROCEDURE

R a d i o l o g i c a l  survey meters  m u a nu ia ct u r e d  a c c or d i n g  to FCDA Standard
1 t Outs  Spec i t  i c .T t ions (CD ~‘— 7 (l 0 , CD V — 7 1 0 , and CD V — 7 2 0 )  were the in-
s t r u men t s  ev a l u a te d  in  t h i s  phase of the  p ro j ec t . The In s t r um en t s  are
shown In F ig .  3. 1.  rhe CD V—7 00 is a C e i g er — t u b e  i n s t r u m e n t  having
t h r ee  r anges :  0 to 0 .5 , 1) to 5 , and 0 to 50 m r / h r .  The probe ’ has a
r o t . i t  in~ sh i e l d  over a t h i n — w a l l  sec t i o n  of the  tube so tha t  bot t~ beta

~tn d ganuna may he de t cc t ed .  The CD V —710 is a mcdl urn— range i o n i z a t i o n —
chambe r i n s t r u m e n t  with ranges ol 0 to 0.5, 0 to 5 , and 0 to 50 r/hr.
l i l t  CD V — i  ~~

( ) is .i it i gh — t - a n ge  ion i  ~at  i on—chamber  i n s t r u m e n t  h a v i n g
ran~ e’s ol 1) to 1 , 0 to 0~ and 0 to  500 r/hr. The V — 7 2 0  ion i :~at  ion
c h amb er  t~as a 50 per cent window area w i t h  a t h i ckness  less than

0 mg/cm t h i c k  so th at beta p ar t i c l e s  can be d e t e c t e d .  The i on i za t i on
c I mam b e r i S cove r o L l by a s l i d i n g  s h i old gr ea t  e’ r than  1000 lug! cm 2 t h i c k

~o t h a t  the b e t a  p a r t i c l e s  ina~ be’ c i t e c t  ivolv d i s c r i m i nat e d  a g a i n s t
when niea su r I n~ ~yunma ra dia t Ion.

P a r t i c i p a n t s  o I Proj  oct 3t .  I were a s s i g ned  in s  t ru rn en  ts  to be used
durin~ their act  ivit ies at the Nevada Test  S i t e .  The p a r t i c i p a n t s  of
Proje-ct lb . I were  asi~ i gnod to the technical projec ts of Program 35 as
supp ort p er s o n n e l .  These pro j ec t s  involved  t i c i d  exercises in areas
having r a d i a t i o n  i n t e n s i t ie s  from p r a c t i c a l ly zero to several roent  ~ens
per hour. The partici 1~ants were able to operate the instruments at the
[ow , modjum , and high I~ te’~s i t  jes for which the V—700 , ~— 7l O , and V— 7~

(
~

were int~ nd~ d, thus gaining gOod exper ience  in mete r  opera t ion .

Each p ar t  Ic i pan t  r ecorded h i s  contin ents  on each type  of In s t  r umime nt
on the- form shown In Appendix B.

19
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3.2 RESULTS

~~ remarks regarding instrument construction were made many times
by Program 36 participants : (I) the carrying straps were of no hel p
and generally got in the way and (2) the meters should use a logarith-
mic scale so that it would not be necessary to switch ranges. The zero
set on the CD V-710 model 2 drifted dow’nscale at a rate requiring a
zero adjustment every 15 to 30 m m .  Plastics used in battery jackets ,
battery straps , and carrying straps showed very little strength in th e
900 plus temperatures encountered in Nevada . Some easy means of dis-
tinguishing between “off” and “on” should be provided; i t  was difficult
to tell whether an instrument was turned on or off. A 900 angle be-
tween off and the first of the ranges was suggested.

Only the Meter Survey Radiac No. 2 British instrument was used in
the field (Fig. 3.2). This instrument is an ionization chamber having
three ranges: 0 to 3 , 0 to 30, and 0 to 300 r/hr . The instrument
has a beta window that is exposed by removing six screws and t a k i n g  the
bottom p late off. I~o instruments of this type were available , and the
best cali~~ation that could ho obtained was an indication 33 per cent
low on Co radiation. Comparison readings from two CD V-720, one
CD V-h O , and two British instruments converted to rads per hour are
given in Table 3.1. The low readings of the British instruments were
due apparently to an altitude effect because the beta window developed
appreciable bulges it- i the 4000- to 6000-ft altitude at the Test Site.

The Meter Contamination No. 1 Mark 2 is a Geiger-tube instrument
having a range of 0.1 to 10 mr / hr  on a logarithmic scale. This instru-
meat is designed for use in a fixed location rather than in field sur-
veys. It weighs 14 pounds and has an exposed Geiger tube , making fixed
usage necessary (see Fig. 3 .3). The tubes furnished with the instru-
meats had a thick rubber covering , which effectivel y shielded all beta
particles.

3.3 DISCUSSION

Participants evaluating the instruments were technical’ly trained
in fields related to radiolog ical defense. They were qualified instru-
ment operators , and their comments regarding the instruments and their
use under the conditions existing at the Test Site reflect this back-
ground training. However , the information obtained was not comp lete
because the instruments were not used to the limits of their battery
life and were not continuously subjected to the rough treatment m ci-
dent to emergency use.

The instruments were used for short periods to protect the moni-
tors from radiation exposures that would result from longer periods in
the field. The maximum continuous use was 2 hr. Usually they were

21
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Table 3. I--RESLk~NSE OF CD V-710 , CD V-720
AND BRIr l su  INSTR UMEN TS (MRAD/ltR)*

Time
P ø s t s h o t  CI) V— 7 20  British CD V—7 10

Station I
5cr. ~~~~~~ Ser. t750 Ser. 32l~ -~ Ser. 321-.5

-e d . I IbIS) t)5() 800 lO~ O
h.  2800 3300 1~~ 0 1750

IL ~ 10. ~ a. 330 370 .~ 0 210 315
b . 10l-~0 10-40 750 t120

H e .~~~ a .  1~~5 2 10 83 50 100
b. :.o 330 l~’S 110

Station 2

U ~ 
-~ 5 m .  1000 I l  ~0 ~~~~i0 790 950

b . 2/00  3100 2000 1750

IL ~ 10. a . 330 3 ~0 
‘) O 2 10 130

1080 ~~~~ t’t’0

hI .~~~ a. lo 250 l2~ bh 105
b. 250 370 210 125

*Comp8rc with FIgs . 2.3 an d  2.7.

NOTE : a. Window c losed.
. Window open.
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o p e r a ted  tor abou t 30 in a pe r o d  t~~~~~i, a total U S O  ut 2 to 3 hr.

3.-. CON CL VS IONS

Ihe e t  t o r t s  of P r oj e c t  3 ) .-+ to  e v a l u a t e  FCDA i n s t r u m e n t s  as t h e y
j u t  u sed  in t r a i n i n g  progrants a t  the  N evada Test Si  to should b~ c~~~t l t  in—
u cd .  Mode l s  I and 2 ot  CD V— 7 00  and mode- i  2 CD \‘ — 7 1 0  were  the  onl y i n —
s t r u m e n t s  ot  t h i s  type  .mv a i  lable t or the  t e s t s .  The quant  i C y  of CD
V— 700 ’ s u sed  fo r  the t e s t  r e p r e s en t s  on ly  10 per c e n t  o t t h e  t o t a l
quant  i t v  of CD V — 7 0 0 ’ s o rdered  by the  FCDA . This  i s  not  t r u l y repre—
se -n t a t i v e  of FCDA models  in the instrument program . Mod l  -+ CD ~‘ —7 00
and model 5 CD V — 7 l 0  a re  in p r o du c t i o n  ~ ud are  schedu led  f o r  ea r l y d i s-
t r i b u t i o n .  S

The evalu a  t ion s h e e t s  i.-ere made general enough so that comments
made on t h e  m ode Is use ci can be app l i e d  to  the new mode is  . A true eva 1
u at i o n  wou ld  requ i re compar i s on  ~ t t h e  va r ious  FCDA t Y p e s  ui -icie r service
c o n d i t i o n s .  The compar ison shou ld  be made with i n s t r u m e n t s  hav ing  the
sante ranges hu t  d i f f e r e n t  c i r c u it  and de s ign  c r i t e r i a .

I
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App endix A

.ETA-ABSORPTION MEASUREMENTS

I,

27 

~
-5-;

L _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - b- --



-- 5 - — 
-
5-~~~~-- — -- -~~~~~S — - -

~~~~~~~~~~ 
- -  

I

Table A. l - -STAT ION I DATA

Response , Convers Iom , *flose r~ t e
Time Table Chamber ya ‘

- rad/Itr

R~4 hr 12” 7 4900 s .o 2~
6 4500 5.0 2
5 ~ 500 2 .2  21

7600 2.05
3 ~~1O0O0 1.1 Ii
2 ~~ t00 1 .0 . (~
1 7000 0.3’-~ 2 . 1  L8 2800 0.39 1. 1

30” 7 2700 5.0 13. c

6 2~~00 ~.() 13

5 5600 2.1 12 .3
46 0(1 2~~ . 4

3 6800 1.1 7.5
2 ~ 500 1 .0 4 . S

1 r~~3()() 0.39 2.1
8 2600 0 .39 1.0

60” 7 1750 5 .0 8 . 7
6 1700 5.0
5 3( ,5() 2.2 8.0
4 3100 2 .05 6.
3 ~~00 I • 1 s . I
2 3200 1.0
1 4 2(1(1 0. 3~ I .
8 2400 0 , 3’) 0 -

*~~ ae rate c x ,ia x 10~~ rRd/hr.

28
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Table A. l--(Continued)

Response, Conversion, *Dose rate,
Time Table Chamber ,a c rad/hr

H,ilO.5 hr 12” 7 1500 5.0 7.5
6 1450 5.0 7.3
5 2800 2.2 6.2
4 2450 2.05 5.0
3 3700 1.1 4.1
2 2100 1.0 2.1
1 2500 0.39 0.97
8 820 0.39 0.32

30” 7 840 5.0 4.2
6 840 5.0 4 .2
5 1900 2.2 4.2

- 4 1600 2.05 3.3
3 2400 1.1 2.6
2 1600 1.0 1.6
1 1850 0.39 0.72
8 720 0.39 0.28

60” 7 560 5.0 2.8
6 550 5.0 2.7
5 1300 2.2 2.9
4 1100 2.05 2.3
3 1700 1.1 1.9
2 1200 1.0 1.2
1 1400 0.39 0.55
8 660 0.39 0.26

*~~ ge rate ~ c xj ia x i~
-
~ rad/hr.
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Tab le A. 1--(Cont inu ed)

Response , Conversion, *Dose rate ,
Time Tab le Chamber ya c rad /hr

IL,~29 hr 12” 7 315 5.0 1.6
6 345 5.0 1.7
5 605 2.2 1.33
4 520 2.05 1.07
3 720 1.1 0.79
2 380 1.0 0.38
1 460 0.39 0.18
8 245 0.39 0.096

30” 7 185 5.0 0.93
6 190 5.0 0.95
5 375 2.2 0.83
4 315 2.05 0.65
3 450 1.1 0.49
2 275 1.0 0.27
1 360 0.39 0.14
8 230 0.39 0.090

60” 7 110 5.0 0.55
6 115 5.0 0.57
5 235 2.2 0.52
4 200 2.05 p .50
3 290 1.1 0.32
2 200 1.0 0.20
1 310 0.39 0.12
8 220 0.39 0.086

*Do~e rate c x
,Jla x IO~~ rad /hr .

3(1



Table A. 1 — — ( C ~ nt  inued)

Response , Conversion , *DORC rate ,
Time Tah1e~ Chambe r ,pa r&d/hr

H~ 58 hr 11” 1 97 5.1) 0.49
6 82 5.0 0.41
5 220 1.2 0.48
4 160 1.05 t~•33
3 190 1.1 0.21
2 100 1. 0 0.10
1 140 0.39 0.055
8 110 0.3’) 0.043

30” 7 46 5 .0 0.23
5.0 0.24

5 100 1.1 0.22
76 2.05 0.16 S

3 120 1. 1 0.13
2 67 1.0 0.067
1 125 0.39  0.049
8 100 0.39 0.039

60” 7 27 5.0 0 .135
6 28 5.1) 0.14
‘1 54 2.2 0.12
4 ‘4(1 2.05 0.099
3 70 1.1 0.077
2 54 1.0 0.054
1 120 0.39 0.047
8 100 0.39 0.039

~~~~~ ~~~~~~~~~ ~~ ~ x,pa x 10~~ r& d/hr .

31
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Table  A. I — — ~Con t I nuod)

Rcspon s~~, Ccl l l V e t S 1 & l tt , *flose~ ra t ’ .
Time Table Chamber p r ad/h r

R~~10S hr 12” 7 28 5 .0 0 . i . eO
6 23 5.0 0.115
:-i 52 2 . 2  O .1 I~
4 3o 2 .05 0 .07- ,
3 44 1.1 0.0-,8
2 26 1.1)
1 ~.8 0.39 0 .0 18
8 40 0.39

30” 7 11 5.0 0.055
6 12 5.0 (1.0(10
5 1

_3 2 .2  0 .05 1
4 17 2 . O S  0 .0 .15
3 2’) 1.1
2 21 1.0 1).02I
1 4 1 0.39 0.018
8 40 0.3’) 0.018

60” 7 7 . 5  5 .0 0 . 038
6 9 5.0
5 15 2.2 (1• $333
4 13 2 .05 (LOll
3 22 1 .1  0.024
2 21 1.0 0.021
1 43 0._ I’) 0.01$
8 92 0.39 0.018

*~ j $e rate c x ,pa x i~~~-~ r& d/hr.

— - 
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Table A.2--STATION 2 DATA

Response, Conversion, *~~se rate,
Time Table Chamber ).ia c rad/hr

H/4 hr 12” 7 3900 5.0 19.5
6 3400 5.0 17
5 6850 2.2 15
4 6000 2.05 12.3
3 8000 1.1 8.8
2 5900 1.0 5.9
1 5900 0.39 2.3
8 2700 0.39 1.05

30” 7 2600 5.0 13
6 2500 5.0 12.5
5 5400 2.2 11.9
4 4400 2.05 9.0
3 6400 1.1 7.0
2 4200 1.0 4.2
1 5200 0.39 2 .0
8 2600 0.39 1.01

60” 7 1700 5.0 8.5
6 1700 5.0 8.5
5 3550 2.2 7.8
4 3000 2.05 6.2
3 4500 1.1 5.0
2 3100 1.0 3.1
1. 4200 0.39 1.6
8 2400 0.39 0.94

*I~ se rate ~ c xya x IO ~~ r&d/hr .
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Table A. 2--(Contjnued)

Response , Conversion , *Dose rate ,
Time Table Chamber ,a c rad/hr

H,~10.5 hr 12” 7 1600 5.0 8.0
6 1300 5.0 6.5
5 3050 2 . 2  6 .7
4 2250 2.05 4.6
3 2900 1.1 3 .2
2 1850 1.0 1.9
1 2000 0.39 0.78
8 790 0.39 0.31

30” 7 840 5.0 4 .2
6 805 5.0 .0
5 1900 2 . 2  4.2
4 1550 2.05 3.2
3 2300 1.1 2.5
2 1500 1.0 1.5
1 1800 0.39 0.70
8 760 0.39 0.30

60” 7 580 5.0 2.9
6 570 5.0 2.9
5 1300 2.2 2.9
4 1100 2.05 2.3
3 1700 1.1 1.9
2 1200 1.0 1.2
1 1500 0.39 0.59
8 720 0.39 0.28

*~~se rate c x,pa x ~~~ rad/hr .

--
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Table A. 2 — — ( C o n t  inued)

Response . Conversion , *~~se rate ,
Time rable’ Chamber jia c r&d/hr

H~ 29 hr 12” 7 370 5. 0 1.85
6 310 5.0 1.55
5 730 2 . 2  1.60

500 2.05 1.03
3 540 1.1 0.59
2 350 1.0 0.35
1 00 0.3’) 0.16
8 250 0,39 0.098

30” 7 191) 5.0 0. 95
6 180 5.0 0.90
5 380 2 .2  0.84
4 310 2.05 0.64
3 4.~0 1.1 0.48
2 270 1.0 0.27
l 380 0.39 0.15
8 250 0.39 0.098

60” 7 120 5.0 0.60
6 120 S .0 0.60
5 240 2.2 0.53
4 200 2.05 0,41
3 310 1.1 0 .34
2 210 1.0 0.21
1 340 0 .39 0.13
8 24 -’ 0.39 0.096

*~~ se rate 5 c xj m a x IO~~ r&d/hr.

_
5
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Table A. 2--(Continued)

Respo n se , Conversion , *Dose rate ,
Time Table Chamber )1a c r ad/hr

I1~58 hr 12” 7 110 5.0 0.55
6 105 s.0 0.53
5 220 2.2  0,48
4 190 2.05 0.39
3 200 1.1 0.22
2 115 1.0 0.11
1 151) 0.39 0.059
8 120 0.39 0.047 S

30” 7 47 5.0 0.24
(1 47 5.0 0.24
5 92 2 . 2  0.20

76 2.05 0.16
3 120 1.1 0.13
2 70 1.0 0.070
1 135 0.39 0.053
8 110 0.39 0.043

60” 7 29 5.0 0.15
6 30 5.0 0.15
5 55 2.2 0.13
4 48 2 .05 0.098
3 74 1.1 0.081
2 58 1.0 0.058
1 135 0.3’) 0.053
8 120 0.39 0.047

*~~~~~ rate • c x~~a x 10~~ r ad/ h r.

.5
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Table A .2-—(Continued)

Response . Conversion , *Dose rate ,
Time Table Chamber 1a c rad/hr

H~ 105 hr 12” 7 25 5.0 0. 125
6 28 5.0 0.14
5 56 2.2 0.12

37 2.05 0.076
3 44 1.1 0.048
2 27 1.0 0.027
1. 50 0.39 0.019
8 46 0.39 0.018

30” 7 13 5.0 0.065
14 5.0 0.070

5 26 2.2 0.057
4 20 2.05 0.041
3 32 1.1 0.035
2 23 1.0 0.023

50 0.39 0.019
8 46 0.39 0.018

80” 7 8.5 5.0 0.043
6 10 5.0 0.050
5 16 2.2 0.035
-~ 14 2.05 0.029
3 28 1.1 0.031
2 22 1.0 0.022
1 50 0.39 0.019
8 46 0.39 0.018

*~~ se rate c xj ia x 11)_ i r&d/hr .
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Table A.3--STATION 3 DATA

Response , Conversion , *flose rate ,
Time Table Chamber )za c rad/hr

H,L4 .5 hr 12” 7 140 5.0 0 .70
6 135 5.0 0.67
5 270 2 .2  0.59
4 260 2.05 0.53
3 490 1.1 0.54
2 490 1.0 0.49
1 1250 0.39 0.49
8 1200 0.39 0.47

30” 7 130 5.0 0.65
6 130 5.0 0.65
5 260 2 .2  0.57
4 250 2.05 0.51
3 470 1.1 0.52
2 480 1.0 0.48
1 1200 0.39 0.47
8 1200 0.39 0.47

60” 7 125 5.0 0.63
6 130 5. 0 0.6 5
5 245 2.2 0.54
4 240 2.05 0.49
3 460 1.1 0.51
2 470 1.0 0.47
1 1200 0.39 0.47
8 1150 0.39 0.45

*t~~ge rate = c x,ia x io~~ rad/hr .
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Appendix B

FCDA INSTRUMENT- EVALUATION QUE S TI0N1~1AIRE



r

PROGRAM 35 . -

- 
Projec t  35.4

FCDA INSTRUMENT-EVALUATiON QUESTIONNAIRE

Repo r ter ’s Name ___________________________ Da te 
___________________

Instrument Type Number CD V~-_______________ Model No. —

Serial  No. _________________________________

I. Was the instrum ent response 
— 

too fast , proper , 
— 

to,~ slow?

COMMENTS:

2. (a) Was instrument easil y calib rated?

(b) If not , what would y ou recommend?

3. (a) How long was the instrument turned on during the day ? —

— 
Hours.

(b) Did you leave it on continuously or 
— 

turn i t  o f f  a f t e r

each reading or series of readings?

4. (a) If this repor t is on a 710 or 720 , did the instrument require

frequent zeroing? __________________

(b) How often was ze roi ng needed during the first 30 minutes? 
—

(c) Af te r  the f i r s t  30 minutes approximatel y how o f ten  did the in-

strument need zeroing? Every 
_______ 

minutes .

40
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(d) Wa s the meter drift ___________ up or 
- 

down- scale?

COMMENTS :

5. Was the instrument easily read when carried by the handle 
_______

the carrying strap 
— — 

7

COMMENTS :

6. Do you think some other graduation and/or markings should be used

on the meter?

7. Have you had previou s experience with portable survey meters?

If other tha n FCDA instrument s , p lease indicate types and compare

them to this instrument. (Convenience of use , readability, stabil-

ity, malfunctioning, etc.)

8. Are there design or circuit features which you believe should be

changed to facilitate field usage?

9. Did the battery life seeni sufficient?

Use the back of questionnaire if additional space is required.

41
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