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RESULTS OF THE NAVAL RESEARCH LABORATORY’S
PARTICIPATION IN A

PERSONNEL DOSIMETRY PERFORMANCE TESTING PILOT STUDY

I. INTRODUCTION

Duri ng the period August 1978 to May 1979 the Radiological
Protection Staff of the Naval Research Laboratory participa ted in
a pilot study, Personnel Dosimetry Performance Testi ng, sponsored
by the U. S. Nuclear Regulatory Commission. The test was conducted
by the Department of Environmenta l and Industrial Health of the
School of Publ ic Heal th, Univers ity of Michigan , Ann Arbor, Michigan ,
under the di rection of Or, Philip Plato . The test was divided into
two parts ; Test No. 1 was for three months , Augus t, Septenber, and
October, 1978; and Test No. 2 was for February , Marc h , and April ,
1979. The test was divided into two parts to give processors and
the testing laboratory an opportunity to adjust their calibration
techniques and procedures based on what was learned during the
first part of the test.

The purpose of this correspondence is to describe the dosimeter
used by NRL , some of the procedures employed , and the results
obtained . Detailed calibration and reading procedures will not be
given separately, rather what we feel are pertinent aspects will be
included in the discussion of the test results . Also we make comments
on the test procedures and methods and make recommendations which
hopefully might improve them. The opinions expressed are solely
those of the authors .

II. TEST PARTICIPATION

The tests were divided into eight categories: Category I, gamma ;
Category II , hig h-energy x ray; Category III , low-energy x ray;
Category IV , beta; Category V , neutron ; Category VI , ganra plus high-
energy x ray; Category VII , gama plus beta ; and Category VII , gamma
plus neutron. Some of the categories will be described In subsequent

Not. : Manuscript submitted Jun. 5. 1979.
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sec tions ; a complete description is found In references (1) and (2).
NRL participated In Category I (ganii~a), Category II (hi gh energy
x ray), Category III (low-energy x ray), Category V (neutron), and
Category V III (neutron plus gamma). We were also Interested in
Category VI (gamma plus high-energy x ray) but we felt tha t our
dosimeter would have no trouble passing this test, If its perform-
ance was satisfactory for gamma and high-energy x rays . Also we
did not have available sufficient dosimeters to participate in this
portion. We will discuss the expected performance of our badge to
the untested categories in a later section.

UI. THE DOSIMETERS

The dosimeter badge , shown in Fi g. 1 , used for this test is a
simple plastic (Harshaw) ‘folded cadm i um design ’ similar to that
described by Falk (3) using two cadmium filters 20 mm x 20 mm x 0.51
mm thick. This configuration was chosen because it provides the best
x-ray energy response, ± 15% from 25 keV to 1.25 Mev when the average
of the two detectors is used for x- or gamma-ray dose equivalen t (DE)
determinatIons (4). Although such “albedo ” dosime ters normall y
require the use of two or more pairs of 6Li- 7Li detectors , our ba dge
uses a single pair of 6LIF(TLD—600) detectors in a Harshaw Model N-6
card (5). The portions of the light output due to thermal neutrons
and x- or gamma-rays are determined using essentially the method
described by Nash and Johnson (6). However, because we have dis-
covered (7) that fading of the TI peaks in LIF(TLD-600) is not the
same for high-LET radiation (alphas from the n-~ reac tion i n 6Li as
for low-LET radiation (beta, ganlna, x rays) the equations used by
Nash and Johnson were modified as described in the next section to
more conveniently take account of these di fferences In fading .

IV. GAMMA AND NEUTRON DOSE DETERMINATIONS

Fig. 2 shows the glow curves for gamma rays and thermal neutrons
obta i ned with TLD(600) N-6 detectors that have been read in a Harshaw
Model 2271 automated TI analyzer using the heating schedule shown .
Th i s schedu le , a rapid rise to 200°C in two seconds followed by a
linear rise to 330°C at 5°C/sec is used so that the portion of the
glow curves due to neutron + gamma (0-250°C ) and that due neutrons
(>250°C) are easily differentiated . Two integrations were made on
each detector. The first from 6 to 18 second (...2000 - 275°) as shown
in Hg. 2 was used to determine the dose due to neutrons + gammas.
This l ower integration period was chosen to minimize the effects of
fading as described by Johnson (8). The second integration , from 20-25
sec (~285 - 310°C), was used to determine what portion of the lower
Integral was due to thermal neutrons . In all cases the lower integra l
was used to determine the total dose. A third integration is sometimes

_ _  _ _ _ _



made from 28-30 seconds to determine reader background for low doses
but was not used during these tests.

The doses from neutrons and gammas for each detector are
determined by setting up two equations:

0 0
~L +

~~~~~
_ C R

L
_ B

I (1)
yL nL

o 0
~L_ +

~~~~~
_ Z R

H BH (2)
nH

where
0 = gamma dose

neu tron dose

RL low temperature reading, integra l

BL reader background , low temperature

RH high temperature reading , integra l

BH reader background , high temperature

C gamma corre ction fac tor for lOW tempera tu re
reading; product of fading correction , rea der
sensitivity correction , individua l dosimeter
sensitivity correction.

C , C H’ C H corres pon di ng corre ction fac tors for l ownL ~ tempera ture neu tron , high temperature gamma ,
and high temperature neutron readings .

Solving equations ( 1)  and (2) for D~ we get:
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Substituting (3) in (1) we solve for 0 in terms of

= C
~L [ (R~ - B1) - (4 )

Since the dosimeters usually have radiation backgrounds we subtract
these to get the Net D,~ and 0 .  These equations are solved by a
computer program wh ich makes several decisions to assure that the
determ ined doses are reasona ble an d conserva tive. These i ncl ude:

( a )  I f (R H 8H~ 
< 0 set 2

( b ) I f ( R L - B1) < 0 set ~ 0

(c) If O  < 0 set D *D + 0 and D 0n n 
~,

-

(d) JfD < 1 0  set D ~~D + 0 and D = 0n I I fl fl

( e)  I f 5O D 0 set 0 0 + 0 an d D = 0n -
~ ~

- -
~ 

n fl

Test (a) and (b) do not allow negative net readings for the integrals.
Test (c) does not allow negative gamma doses. This test has the
effect of insuring that the total neutron plus gamma dose is dependent
on1~ on the lower temperature integral . Test (d) causes neutron doses
less than the equivalent of 10 mR to be treated as due to gamma
radiation, Test (e) causes neutron doses less than 2% of the gamma
dose to be treated as a gamma dose.

The gamma and neutron dose equivalents (DE) are determined from
the equations :

D ( F )  + 0 ( R )
(DE )1 = ~ 2

1 (5)

and
D (F )

(OE)~ K D~(~ ) [ D~ (F )  - J D~(R)] (6)
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where Dy (F)o D~(F) and D (R), 0 (R) refer to the calculated doses
for the detector located with cadmium in front (F) or cadmium
beh i nd (R), and J and K are calibration constants. Again doses
are adjusted to assure that they are reasonable and conservative:

D ( F )
(a) If D~( R )  = 0 or D~TR) 

4 set D~( R )  = ~~O~ (F )

an d reca l cu l a te 0 ( R)  us ing new O~( R )

(b) If D~(R)  = 0 an d D~(F )  = 0 se t (DE )~ = 0

( c )  I f D~( F )  0 set D~( R )  = D~( R )  + D~ ( R )

0 (F)
( d ) I f J se t (D E ) = 0 an d set : 1

0 ( F )  = 0 (F)  + D~( F )  and 0 ( R )  = 0 (R) + D~( R )

Test (a) assures that the neutron dose equivalent will not reach an
abnorma l ly large value due to an unusually small D~(R). Our studies
have never shown a ra ti o of D~(F)/D~( R )  -. 3 under laboratory con-
ditions or > 2 under field conditions . Test (b) is made to prevent
attempted division by zero. Test (c) attributes the neutron signal
of the ietector wi th cadmi um behind it to gamma radiation since
D~(F)  = 0 ma kes (DE )~ zero. Test (d) prevents negative (DE)~ and

ass igns the neu tron doses to gamma ra di a ti on. These la tter tes ts
assure that all the IL signa l in the lower temperature integration
is assigned to neutron or gamma radiation . Note that normall y the
(DE) is dependent only on the average of the two gamma doses. At
very low energies a correction for shallow and deep dose equivalent
is made based on the ratio D (F)/D (R). Assuming the reader to be
calibrated to read ganina radiation correctly and no individual
correction factors for the detectors, typical values for some of
the cons tan ts i n these equa tions are

:5
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C 1 
= 1 (i.e., no fading)

C,,1 = 1 .15 (correction for fading)

C H 
= 178 (no fading)

CflH 
3 14.0 (no fading )

: = 0.86 •1

V. TEST R E S U L T S

The test results for the second portion of .. test, Test No. 2,
are found in the Appendix. Because the results from Test i’4o . 1 were
considered to be more preliminary they have not been included
(obviously they were worse); however , we will refer to them extensively
during the discussion to follow . We have decided to discuss the
results not necessarily grouped as in the Appendix.

A. Gamma Rays (30 - 10 ,000 mRem )

The results of the tests for gamma rays (Co-60) are
summarized in Table 1.

Table 1
RESULTS FOR OCCUPATIONA L GAMMA RAYS

Dose Equiv. Ave. DE Std . 0ev . Error Allowable H
(mRem) (mRem) Source P(Ave) (S) /P/+2S Error

30-100 68.6 Co-60 0.0863 0.0549 0.1962 0.7244

101-300 177.8 Co-60 0.1005 0.0488 0.1982 0.4500 ¶
301-10000 3010 Co-60 0.0993 0.0307 0.1607 0.3000

Exami nation of these results reveals several interesting points : First ,
our reported results are too high by about 10%. This is partly due to
the fact that we made no corrections for fading (growth) based on the
length of the wearing peri od. For one month this correction is
approxImately 0.97 (see Fi g. 3). Thus our reported results would still
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be too high by about 5% We cannot account for this discrepancy . Our
dosimeter cards are calibrated using a Co-60 source whose exposure
rate is determined by NBS calibrated ion chambers . Cards are enclosed
in lucite 0.64 cm thick to establish charge-particle equilibrium .
Cards in badges exposed on a five gallon water -filled polyethy l ene
phantom give results within 1% of those in the lucite when the average
of the two detectors is used as the dose determining parameter.
Perhaps 5% agreement is acceptable. Second , the standard deviation
is quite low , especially when one considers that we used no indivi-
dual correction factors for this portion of the test. This was not
always the case as will be noted later. Laboratory tests of the
cards used for these tests showed that the standard deviation of the
group was ± 3%. As will be seen later , we achieved better results
than this in some parts of the test categories . We attribute this
to the fact that all our x and gamma dose equivalents are the average
of two detectors . Obviously using individual correction factors
would not have improved our results appreciably. Thirdly, the
magnitude of the exposure had little effect on the errors involved .
This is probably true for most TLD systems . We consider 100 mR to be
an infinite dose as far as errors are concerned . This suggests that
error limi ts could be made more stringent for the l ower intervals.
However some systems may need the greater limits .

B. High-Energy X Rays

The results for the test for high-energy x rays are
summarized in Table 2.

Table 2
TEST RESULTS FOR HIGH-ENERGY X RAYS

Dose Equiv. Ave. DE Eff . Std . 0ev . Error Allowable
(mRem ) (mRem) Energy P(Ave) (S) /P/+2S Error

30-lOOS 66.9 208 key 0.1160 0.1120 0.3401 1.8339

30-100D 66.9 “ 0.1160 0.1120 0.3401 1.8339 F
lOl-300S 187.8 119 keV -0.0018 0.0235 0.0487 1.0946
101-3000 187.8 “ -0.0018 0.0235 0.0487 1.0946
3O1-l0000S 2868 58 keV 0.1356 0.0382 0.2119 0.5000
301-100000 2756 “ 0.1819 0.0392 0.2604 0.5000

Note the different test for shallow and deep dose equivalent as indicated
by “S” and “0” in the DE column. Our badge generally canno t distinguish

7 
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the effective energy ~f the radiation in this energy range to assign
a different deep and shallow dose equivalent. In most cases they are
the same anyhow . again we see that the standa rd deviations are quite
small; again no individual correction factors were used . If we refer
to the energy response of our badge in Fig. 4 we see tha t the under-
response is about the same at 208 and 1l~ keV . Since we have a
genera l over-response of about 10% as previously discussed , we woul d
expect that the P(Ave) of the 208 and 119 keV irradiated badges would
be about 0. This is true for the 119 keV exposures, but not for those
at 208 keY . Since we use identical calibration spectra as the testing
l aboratory , the only reasonable explanation is a difference in phantom
construction. All our calibrations were made using a rectangular ,
polyethy lene, water filled phantom 33 cm x 23 cm x 23 cm thick .
Exposures were determined with a free-air ion chamber.

C. Low—Energy X Rays

The results for the low-energy x rays are summarized in
Table 3.

Table 3
TEST RESULTS FOR LOW-ENERGY X RAYS

Dose Equiv. Ave. DE Eff. Std. 0ev . Error Allow able
(mRem ) (mR em) Energy P (Ave) (S) /P/+2S Error

1 50-300S 230.2 19 keV -0.0257 0.0306 0.0868 0.9886
1 50—3000 71 .2 “ -0.0273 0.0314 0.0901 1.7777
301-10000S 2508 “ -0.0408 O.O’95 0.1998 0.5000
301-100000 774 “ -0.0412 0.0797 0.2005 0.5391

In this case the ratio of the detector with the cadmium fi l ter in front
to the one wi th the filter behind was used to establish correction
factors for the shallow and deep dose equiva lents . These factors
were 1.31 for the shallow DE and 0.41 for the deep DE applied to the
average of the two detectors . These results are the first ones
presented that were si gnificantly different than those recorded in
Test No. 1. At that time we had not calibrated for low-energy x rays
and the average of the two detectors , with a sli ght correction , was
reported for both shallow and deep dose equiva l ents . We realized this

8
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would result in a large over-estimation of the deep dose equivalent
and probably some under-estimat ion of the shall ow dose equivalent.

0. Casualty Doses (Co-60, Nigh-Energy X Ray)

The results for the casualty doses are summarized in Table
4. (Note in the appendix that we have made pen and ink changes to the
data. The testing laboratory inadvertently recorded the badge number
as the absorbed dose.)

Table 4
RESULTS FOR CASUALTY DOSES

Abs . Dose Ave. Dose Std . 0ev. Erro r Allowable
(Rad) (Rad) Source P (Ave) (S) /P/+2S Erro r

10-800 452.7 Co-60 0.0677 0.0254 0.1184 0.3000
10-800 394.3 136 keV 0.0963 0.0628 0.2219 0.3000

These results were obtained using individual correction factors for the
detectors . We felt this to be necessary because these detectors had
been used for the previous casua l ty tests and hence might have enhanced
sensitivity (9). This enhancLment turned out to be negli gible , less
than a few percent. Also corrections were made for supralinearity
using the data in reference (6). During the firs t part of the test ,
no corrections were made for supralin eari ty resulting in an error of
0.4980 for x rays , and 3.3684 for Co-60. This latter result was mostly
caused by two detector cards being placed in the wrong badges at NRL
or the two badges being mixed up when exposed by the testing labora tory .
Evidently such large errors were not infrequent and were partiall y
attributed to reporting or compu tational errors by the testing
laboratory (10). This was not true in our case since all our data
handling is automated , and there were no typographical errors . We
can not rule out that the dosimeter cards were put in the wrong
badges . However, this seems unlikely since the procedure to guard
against this was quite elaborate. For the second test we took even
greater precautions to prevent such occurrences .

E. Neutron Exposures

The results of the neutron tests are summarized in Table 

5:9



Table 5
TEST RESULTS FOR Cf-252 NEUTRON

Dose Equiv. Ave. DE Std . Dev . Error Allowable
(mRem) (mRem) Source P(Ave) (5) /P/+2S Error

100-300 205.6 Cf-252 0.1842 0.1697 0.5237 1.0461
301-5000 1980 “ -0.0707 0.0662 0.2030 0.5000

The neutron and the neutron plus gamma portions of the test proved the
most diffucult for us. During the first part (Test No. 1) we did not
use individual correction factors because we believed that the standard
deviation for neutrons of the group of cards used for the test was the
same as badges previously obtained from the manufacturer , about ± 3%.
This turned out not to be the case , necessitating individual correction
factors . An examination of the data in Table 5 reveals severa l
interesting results . The most startl i ng is an apparent non— linearity
in response indicated by a P(Ave) of 0.1842 for the interval 100-300
mRem vs -0.0707 for the 301-5000 rnRem interval. We have not previously
observed this for neutrons and the data in Table 1 certainly does not
indicate any non-linearity for gamma rays . Assuming the 301-5000 mRem rinterval to be the more reliable data, then our calibration procedure
evidently results in an under-estimation of neutron DEs of approxi-
mately 17% (recall our over-all system response is approximately 10%
high). We feel this comes from differences in phantoms and procedures .
We make our calibration exposures in a concrete block laboratory room
4.7 meters wide , 7.1 meters long and 3.5 meters high , with the source
and the center of the phantom 1.5 meters from the floor. Irradiations
using Cf-252, are made with the center of the source a distance of
50 cm from the front surface of a rectangular , lucite , water -filled
phantom having dimension of 60 cm x 30 cm x 23 cm thick. Corrections
are made for neutrons scattered from the floor and walls. Without
this correction we would report dose equiva l ents approximately 30%
l ower than those reported . We have determined that the scattered
dose equivalent is less than 2% of the direct dose equivalent by
exposing an ANPDR/70 Remeter at 40 cm and 50 cm. We assume the
direct dose equiva l ent to vary inversely as the square of the source
to detector distance while the scatter is constant. Not surprising ly,
most of the scattered neutrons must be of lower energy to cause such
an enhanced badge response. The increased standard deviation of our
results in this category stem from two factors : First is the very
nature of the dose equivalent equation (6). Since (DE)~ is roughly
dependent on D~(F) squared divided by Dn(R) the expected error on
( DE )~ is more than twice the errors of D~(R)  or D~(F). Contrast

10
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this with the reduced error on (DE) resu lting fro m the averaging of

0 (F) and 0 (R) (see reference (11). Hence, an albedo dosimeter which
uses the ratios or products of multiple detectors automatically
introduces errors at least three times those usually encountered for
gamma radiation . The second factor is edge effects in the phantom
which changes the ratio Dn(F)/Dn(R) dependent on the dosimeter
position on the phantom . We have found this to cause errors up to
5O~ in (DE) between dosimeters i rradiated at the top vs the bottom
of a phantom similar to the one used by the testing labora tory .

F. Neutron Plus Ganii~a Exposures

This particular test provided two of the more interesting
occurrences during the test: An almost certain mix -up of two badges ,
and the only failure of a dosimeter card during the test. The
somewhat speculative results are shown in Table 6.

Table 6
RES ULTS OF NEUTRON PL US GAMMA EXPO SURE S

Dose Equiv. Ave. DE Std. 0ev . Error Allowable
(mRem) (mRem) Source P(Ave) (S) /P/+25 Error

1 50-300 255.2 Co-60 -0.0141 0.1928 0.3998 1.0461
301-5000 1022 ~+Cf-2b2~ 0.0987 0.2058 0.5103 0.5000

The reader is referred to the Appendix pages 44-46 for the following
discussion. When the dosimeters for the second month were processed
dosimeter number 8 indicated a gamma DE of 1291 rnRem and a neu tron DE
of 210 mReni, while dosimeter number 10 showed a gamma DE of 320 mRem
and a neutron DE of 2756 mRem. Since these dosimeters were supposedly
for the neutron or neutron plus gamma portion of the test, we assumed
dosimeter number 8 had been mixed with the x-ray and gamma dosimeters ,
or had been Improperly i rradiated . We therefore voided the reading of
dosimeter number 8. Since 320 mRem gamma is about the right gamma DE
(certainly within the error of our system) to accompany a 1756 mReni
neu tron DE , we concluded tha t dosimeter number 10 had been exposed to
neutrons only. Hence we reported only the neutron DE. It now seems
obvious that the badges were given the correc t gamma exposures but
were interchanged or mixed up for the neutron exposures . We have made

11



this assumption and inked in what we believe to be the correc t dose
equivalents , including the gamma contribution from the Cf-252 neutron
source. Measured 1291 gamma and 210 neutron vs postulated 1171 gamma
and 231 neutron for dosimeter number 8 and measured 320 gamma and
2756 neutron vs postulated 311 gamma and 3024 neutron seems too close
agreement to be accidental. Thus we have recalculated the average
and standard deviation using the postulated exposures .

The reading for dosimeter number 18 is the only case in
wh i ch a dosimeter card “failed” during either Test No. 1 or Test No.
2. A “failure ” resul ts when the dosimeter chip no longer adheres to
the teflon in the dosimeter card and Is no longer centered . This
causes the loss of good thermal contact between the heater finger
in the reader and the card . This results in some of the neutron
plu s gamma si gna l in the l ower temperature integra l to be moved up
to the high temperature or neutron only integral , hence a large
neutron signal. In this case Dn(F) was increased mdkin g D~(F)/D~(R )
equal to approximately 10. The computer rejected this and inserted
the limiting value of 4 (see Section IV) which of course still
resulted in too large a neutron DE. It is possible to recalibrate
a card which has failed in this fashion , but we hes i tate to reduce
a computed exposure . Hence , we used the correction factor obta ined
at the beginning of the test. Perhaps we should have voided this
reading , but we feel there are better methods of dealing with such
occurrences . See later recommendations . We point Out that “failures ”
such as these have been rare , typica 1y 1 per 1000 cards read.
Omitting dos imeter number 18 would have reduced P to 0.0426, S to
0.1105 and /P/ + 2S to 0.2636 .

V I .  R E S P O N S E  TO OT H ER R A D I A T I O N CATEGO R I E S

The very simple NRL radiation badge , albeit a complicated dose
determi nation procedure, was not desi gned to be able to measure all
types of radiation withou t a know ledge of the radiation fields .
Nevertheless , i t  would seem appropriate to project the performance
we migh t expect to the other categories of radiation not tested .

A . Category IV, Beta

The NRL badge could distinguish a S~’-90 beta exposure fromany of the other categories . Hence, based o~ its performance for
gamma and x rays . it should easily be able tu pass this ca tegory
assuming proper cali br at .rn . The NRL badge is not a particularl y
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good beta dosimeter , however , because the detectors used are 0.9 mm
thick ; a thinner detector would be more appropriate . Being able to
pass a performance test doesn ’t assure a good device. As an example ,
one can design an albedo dosimeter which could easily pass the neutron
and neutron plus gamma portions of this test. It would not be a very
good dosimeter for other spectra , however. One must guard against
having performance tests tha t not only allow , but encourage the use
of inferior dosirneters .

B. Category VI, Gamma Plus High-Energy X Ray

Our badge desi gn would not be able to determine the exact
proportions of mixed gamma and x-ray doses , but the dose equivalents
determined should actually be about as accurate and precise as for
gamma or x rays. This occurs because the dose equivalents are
determi ned in exactly the same way for both types of radiation.
Also the x-ray response is generally within 10% of the gamma response
and in most cases is less. Since we have a genera l over-response of
the system, mixing x-ray and gamma doses generally improves the
average P more than 2S (standard deviation) is increased even if one
assumes the wors t case , all doses mixed 3:1 . Thus the tota l error
would be less than for gamma rays but greater than for x rays. In
the exceptional case (MFG , 58 keV effective) where the x-ray response
is 10% more than the gamma-ray response , the mixed results would be
worse than the gamma ray results but better than for the x rays . In
no case would the increased value of /P/ + 2(S) exceed 0.02. Hence ,
we conclude the mi xed gamma and x-ray exposures would be no problem
for our badge.

C. Category V II , Gamma Plus Beta

The NRL badge could not distinguish gamma plus beta exposures
from the other categories involved ; hence , it would most likely assign
the same dose equiva l ent for shallow and deep dosec . The shallow dose
equivalent would be too low , the deep dose equivalent too high . Our
badge could not pass this category assuming doses mixe d 3:1.

0. Other Possible Combi nations

If we consider other poss ible comb i nations of exposures ;
beta plus low energy x ray, low-energy x ray plus high-energy x ray ,
etc.. we conclude that the NRL badge would have difficulty with such
mi xtures. A badge with an additiona l detector shielded with a 1 cm
tissue equivalent shield would perhaps provide enough additiona l
information to make accura te dose equiva l ent determi nations on such
mixtures . The detector would most likely have to be fairly tissue
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equiva l ent such as lithium fluoride or lith ium bora te. Even with one
or two additiona l detectors , it may not be possible to design a badge
which can accura tely determine the shallow and deep dose equiva l ents
for all possible continations of radiations used in this test.

VII. RECOMMENDATIONS

A. Reduce the Number of Radiation Intervals

The test requires too much work and too many dosimeters .
Perhaps two or three intervals for one radiation category is not
excessive to determine how the response of a system varies w i t h  dose
magnitude but this ne€~d not be repeated for other categories . One
interva l should be enough .

B. Elimina te the Casualty Dose Interva l

Again this is to shorten the test. In case of an accident
everyone should do good dosimetry with everything calibra ted and re-
calibrated , checked and rechecked , including probabl y a cross
calibration with other radiation sources. This test is just not
realistic. The likel y performance can be inferred from the other
intervals. A certification that instrumentation capable of covering
this range should suffice. An exception would be a dosimeter designed
only for casualty dose intervals. If this interval is reta i ned the
da te of exposure should be given.

C. Reject the Worst Data

We recommend this to elimina te some of the problems described
in the previous sections; mI xed up dosimeters , and occasiona l cata-
strophic or routine failures of dosimeters . We suggest the two wors t
pieces of data in each interva~ ~e eiim in a ted . Inc l uded would be
lost readings , etc . It may be argued that mixing , or not mixing ,
dosimetc~rs is also a part of performance but we have become convincedthat the testing l aboratory has as much trouble with this as the
processors . Also, for any test where dosime ters are sen t through the
mails , one canno t rule out tampering. Severa l of our badges were
opened and the cards reversed between the time they l e f t  MR L and
were returned .

0. Change the Phantom Dimensions

The phantom used by the testing la boratory is too small to
simu l taneously irradiate six “albedo ” neutron dosimeters . The edge
effects are too great.

14
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E. Change the Neu tron Source

the neutron source used is probably not the most readily
avai lab le for processors and is not , we b e l i e v e , the most appropriate
especiall y for albedo neutron dosimeters . We would recommend Am-Be
or Pu-8e modera ted by 2 - 4 cm of luc i te.

F. Increase the Error Limi ts

We do not believe that mos t processors can readily pass
these tests with presently used dosimetry devices . There are too
many errors that cannot be easi ly reduced such as fading errors
and errors due to mixed radiations . These can cause the standard
deviation to increase as well as the average response. For the
mixed categories we recommend that the error limi t be determined by
the formula L / P,’ + 1.5 S. Also we feel tha t positive errors on
P should be a l lowed without pena l ty , i .e., allow as much over-
response of dosime try devices as processors feel they can afford .
Perhaps a factor of 2 should be an upper limit. Such an allowance
mi ght make an all-purpose dosimeter des i gn more feasible and would
probably be readily acce’ table for processors whose average exposures
are quite low . V

V III . CONCLUSIONS

We found our participation in this testing program enlightenin g
and informative and more work than anticipated (we didn ’t really want
to individually calibrate any dosimeters). The performance of the NRL
dosimeter badge was better for x and ganina rays than in our own blind
testing program , but worse for the neu tron and neu tron plus ganii~aportions. We attribute this to the different phantom used . the mixed
doses and dosimeters , whether caused by us, the testing laboratory ,
or the mail service , was the most frustrating part of the test. We
feel tha t a testing program such as this will do much to improve the
dosimetry results of the processors who participate in it. It caused
us to change some procedures , which in every case resulted in assignin g
l ower dose equivalents to Individuals. This may or may not be good .
At least they should be more accura te.
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detectors that have been cycled , dosed and read 10 mi nutes
thereafter in a Harshaw Model 2271 IL analyzer. For details
see re ference ( 6) .
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dose equivalent) vs effective energy for several thickness
of cadmium filters . The NRL badge uses 0.51 mm filters .
Conversion from Roentgens to Rem was made using the data
in reference (1). The figure is taken from reference (4).
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IRMA.  IW N A .  OFF ~ 48 5t )N8LO DOsE . CA 1 .33
D O c f ’ - I F T F N  D A T E  MAT E lIME EA POS UPE L ) I L IV .  Ht PU w T ,

NUMRFP I R R A D I A T E D  ( N/M IN I  (M INI  (.~ ) ( .4A ( , )  ( MA U I  Pa ( P 4 .— P 4 )/ P 4

2 23— 7 9  8 .63 46 . 580 + 1 1 . 4 0  .,+7~~ 80 5. 000  0 . 1060

2— 23—7 9 6.83 20 .100 177.4M ‘3... ?bd .UnO 0.1 358

6? 2— 2 3— 19 8.83 3 .s3 i ,  33.i’/ +“ . ~~~~~ u . 3 7 7 1 4

41 2—24— 79 8.78 50.400 442.51 S~i9 . bL 5 .~~n0 0 . 0 + 4 1  r
30 3—26—79 10 .83 48 .110 ~? A . o 3  -,fl . 6 8 5 .0 00  0.0115

29 3—26—79 1U .$3 7.140 7l~~~7 )  1 0 4 . 115 .uno u .ii~.’.

1 3—?6— 79 10 .83 -~2.14fl 566.73 1~~ + • 795.unO 0 . 05 4 4

38 4 — 2 5 — 7 ~ l o . s+ 32 .860  3 4 ’ .? 4  4-’ -4 . 492.U()O 0.074c’

in 4— 2 5 — 1 9  10 .5+ ?~~.?7(( ebb. 45 4~~4~ 34 ,47 .0~~O

4—25— 79 10 •,4 li .71u 12 4.+2 184. 1 t4 5 .~~~~~O 0.1280

,) AVE (4A (,I z 0.1 11 8

z 0.1(135

p4 A V 1~~A4. ,k.

- 
A M S ( . - ’ A V E RA ’ I I • 25 •

L • U • 3001.

•••• ••••.•• ~~~~~~~~~~ ~~~~~~~~~~~~~~~~

•  —- -~~~~ - - •—~~~~- -  —--- — - - -~~~~~~~
•
~~~~ - — .- - -  

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

•- 
~~-



CITE)iORY U. MI1,M—[N(WGY A

INTERVA l. 2. 30 — 100 MNEM
PROCeSSOR NAME NAVAL RESEARCH

PROCE SSOR CODE . P40. 1 .18

TY I’F OF DU SIM L IE R TLO
NP S TECRN IQU ( 1

1~~ *L ,1AT 1ON DISTANC E 1 100 CM

IRM A . 1$i~~. SM 4LLOW DOSE . tuoly.. CAxj .?8U
flOc!~~tTER O*TE RAT E 11.t E APO SUWE i,ELIv . REPORT.

N(~MqE~ IRRA DIATE I)  MR/ MINI  (MINI  (MW ) IN N ER)  (M$L M)  Pz( p i*- p$ ) /M

69 2—2 1—7 9 20.44 1.880 34.44 * 4 • b’ . U .i721

2—21— 79 20 .44 2.130 45 .58  5 7 • Tv . 0 . 2 2 8 1

47 2— 21— 79 20.44 3.400 69.50 9’. 0.1023

3? 3-23—7 9 20.48 3.1~~S 65.37 4,’~ 8’~. 0.085+

I? 3—2 3— 79 20 .48 3 .1415 7s, c)s 9P4 . 1U~~• 0 . 0 7 1 4

1? 3—23—7 9 20.46 1.820 37.2+ 4 ? . + ‘ . 0.0426

24 3— 23— 79 20.46 1.230 2S .17 .,- . J~~. 0 . 03 13

• 49 4—25— TV 21 .30 ~~~~~ ~~~~~~ ~~~ • 71~ 0. 1867

44 4—25—79 21 .30 2 .71 0 57 .7e 13 . 73~ 0.0

66 4—25—79 21 .30 3.tou 6 8 . 4 4 3 t 4 ) ~ 88. 0.0602

A VIR4 (,E. S 0.1160

,~~~~~
. 

__..l
/ ‘ 0 .1120

.4 AV 1 ’~A tit • 6 6.9

~~~~~\~
‘(‘ 

~~~~~ A M 5 ( ’  A#/ERAGE) • 25 • 0.3401
~~~ Y’ 

-a. • 1.8339

1~~~~~ ~
.**.*.**.** PA SS •* *•* *•e•*

30
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CATEGOR Y II. HIGH—ENER GY A RAY

INTERVA L 2. 30 — 100 MW F M
PROCESSOR NAM E N A V A L  RESEARCH

PRQCLSS OR CODE NO. 1 38

• T Y P E  OF D O S I M I F EW  : TLD
NRS TECH NIQUE I HF~~

I P R A D I A T I O N  D I S T A N C E  1 100  CM

INRA . 1M144. O~~FP POSE EUU~~v A L E . NT ,  CX ~~1.2b U
UOc T MET ER DATE NAT E T IME EXPOSURE U F L I V .  RE.PURT .
P4(JMREP IR RA D IATED (RH/MINI (MJP4 ) IMP)  (MME4) (MRt M) P~~IH*—H ) /r4

69 2—21—7 9 20.44 1.880 34.44 43~ 0.3721

56 2 21—79 20.44 2.230 ..s.5$ ~~~ 7~i~ 0 . 22 81

47 2—21—7 9 20.44 3.400 69. .0 8.’. 0.1023

3? 3—23—79 20.46 3 .IVb 65 .37 82. 4’9~~ 0 . 0 8 5 w

17 3—23—7 9 20.46 3.815 78..5 ‘9M g 105 . 0 .0 714  4

I? 3—23— 7 9 20.46 1.820 37.?4  ‘p7. 4”~ 0. 0428

26 3—23—79 20.46 1.~~30 25 .17 32. 3.~. 0.0313

49 4—25—79 21 .30 2.450 S?.16 e-. p. • ii . 14 .1667

44 4—25—79 21.30 2.710 57.72 7 3 .  73 . 0.0

66 4—25—7 9 21.30 3.100 86.03 83. 0 . 0 60 2

.~ A V I P 4A , t  = 0 . 1 1 80

S 0 . 1 1 2 0

H A V E P( t.~ .,( = 86 .9

A R S I P  A~’ E .MA GE ) • 25 0.3401

L • 1.8339

• .

*4 * 5* 4 * 5* 5*  (~~A 5 5  *4 * 5* 5 4* 5*

~~~
‘ a 4 / ’

31
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CATE GORY TI . HIGH-ENERGY A W A Y

INTERVA L 3. 101 — 300 MW L M
WKOCtSS)R NAM t. NAV A L RESEARCH

PROCeSSO R COOL NO. : 38

T Y P E  OF I)OSIMLIE. M TLD
N~~S T~~c,.~ iI~j~j ( : HFG

I R RA D I A T I O N  DISTANCE : 100 CM

IRM A . 1 kM... S’ -4A LL O W OO~ E. LQU1~~., CA .k .350
nOcI~.ET FR DATE RATE TiNt . EXPOSU RE OE~L IV .  REPUwI .
NIJMPE P IRR ,~DIAT t.D (MN/M INI (MINI (MN FMI (MRC.M ) P z ( P 1•— H)/ M

63 2—20— 79 a2.S5 1.880 118 .34 1s1 , isS . —0.0 127

59 2 — 2 0 — 7 9  82. 55 1 .3o 5  8 1 .83  1 10 . 11~~. 0 .0455

46 2— 20— 79 62 ,55 2.950 18*.52 ?+‘~. 2 5’ . 0 . 0 2 0 1

31 3 — 2 1— 7 9  85 .80 2 .0+0  13 3 . 4 ?  181.  18.$~ 0 . O 1 I u

23 3 — 2 1 — 7 9  65 .60 1.520 99. 11 1i~~. 13’ . 0 .0 074

1#. 3 — 2 1— 7 9  85 .80 1 . 9 7 0  129.?.~ 17~~. 
17g . — 0 . 0 115

11 3 21—7 9 65 ,60 2.310 15I.s* .- c s ~ 19~~. — 0 . 0 293

SE. 4—24—7 9 86.13 2.400 15.4.71 214 . 2L0 • 0.0093

45 4—24—7 9 66.13 3.28u 216 .91 ‘ 9 4 . 28’ , —u.0 307

65 4—2 4—7 9 88 .13 1.79 0 1 1 8 . 4 7  1b~
) . 158 , — 0.0125

-‘ AV E P~At,E _ 0 . O O 1 $

S = 0.0235

-4 A V E P ( A~~~ • 187 .8

A HS (ø A V I W A G E ) • 25 • u .040 7
• 

, 
L • 1.0948 H

- l 5 1S1..)T
~~ r-~~~ —~~~~~

r~ 
*5*4 . 4 5 5*5*  ).1M55
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CATEG ORY II. HIGP4~ (l4ENGY ~ W A Y

IN T E R V A L  3. 1 01 — 300 M~~~~M

PROCISS OR NA M E N A V A L  R ESIAM C H

ucl’,So.’ COOl NO. 38

T Y P E  O~ ( l U~~ IMl I f . 4  T~~fl
p~~~~ç TEC .4NIQUE ~WG

I W P A O IA T I O N  DI S TA N C E iou Cu

NRA. 114kg .  D~~F~ ’ (~~l)~~ 4 l)JU~ vA L F N T ,  CA 1 .3 5 0
f l Oc I ’- .ETFW UAT I -  N A T E  l IME .  l A P0 S . o ~E ~) - L I V .  W IPUR T .
NI IM#F P I RW * O I A T E D  (Ml .4/MjN ) (MINI ( U w i  ~~~~~~~~ (M R Lw )  4-’- ( - l•-Pi)/Pl

63 2—2 0—79 b2 .~~S t.8.~ li P. . ~+ 1,7. 15~~. —~1 .012 7

SQ 2—20—79 82.55 1.ioS 81.1. ., 1 1 .  11~~.

46 2—20— 79 82 .S~ 2 .Vs t )  18~~.•.? ~~~~~~ 25~.. ~.0201

31 3—21 — 7 9 85.60 2.0*0 133. 82 IM 1 .  14, -I • U . Q 1 1 ~

23 3—21 — 79 65 .80 1.540 99.11 i i’ . 13~~• —0 .007 *

16 3—21—79 85.60 1.910 129 .?~ ~
... 17 2 .

11 3—? 1—7 ~ b~~.b0 4.310 151.s + ~~~~~~~~ 19 ’ .

‘IA 4— 74—79 66 .13 2.400 15.4.71 ~‘1... 21°.

45 4 — 2 4 — 7 9  88 . 13 3 .4 8 0  21Y. .’ui ?~~~~. Cd’ . — t..0307

4— 24—79 68 . 13 1 . 7 - ~0 1 1 M .~~’ lb . 15~~. — 0 . 0 1?-- .

AV 1 P~ A4,E.  = —0.001..

•. = 4 1 . 0 24 5

.4 A V ~~N4 ~~p. 1 8 7 .1’

A . 4 S (~ A V ERA &.E ) • ‘ s =

L = 1. 0 9 4 6

• ~~~~~~~~~~~~ 
~~~~~~~~ •e*.e.e..•. pA ss •* * *.* .*e e

~~
1)

• • • •~~~ ~•~~~~~~
•_



C A TEGORY II . PIIGH—LNEN*JY A RAY

INTERVAL 4.  301 — 10.000 MR E.M
PROCeSSOR NAM E N A V A L  RESEA NC H

PROCeSSOR CODE ~4U . : 38

TYPE.  OF r ) OSI M E. T Ew I TLD
NH S TECHNIQU E I ‘4F6

I R RA D I A T I O N  DISTANC E * 100 CM

IRMA.  11114* . Sh A l LOW DOSE. t D U iV . .  CA a 1 . 2 8 0
OO..I~~FTE W UAT E NATE T i ME EX POSU RE. O E L I V .  REPURT.

p4(IMq f R IRR~~D IA T L D  1MM/M INI (H IM)  (Mg ) INNER)  (Mk t . M)  P~~
(p4

~~— HI/ P l

31 2-1 4—79 877 .20 5.090 4484 .95  “ 715 , 653 0 . 0.1.28

2 — 1 3 — 1 9 105 .20 3 . 1 1 0 327.17 419 , 464. 0 . 10 7 4

64 2 — 1 4 — 7 9  877 .20 2.355 2065.81 7p.*~~ 30o ’. 0.1607

44 .  2—13— 7 9 105 .20 3.490 367.15 470 . 550 . 0 .1102

25 3 — 2 1 — 7 9  880 .30 8 . 3 0 0  5419.89 6937~ 7P4$l~ 0.1369

P. 3 — 2 1 — 7 9  880 .30 5.930 S i 0 i .5 M  8,30. 739k. 0 . 1 3 1 7

1 4 3-19— 79 104 .90 5. 685 5 8 4.9 9  1~~Q~ 860. 0.1562

6$ 4 — 2 4 — 7 ~ ~9b ,3() 3.890 330’ .35 4 ? j 4 .  bus’. 0.19.0

4 7 4 — 2 4 — 7 9  73 .27 3.82u 279.89 Js M . 380. 0 . 0 78 2

53 4 — 2 4 — 7 9  73 .2 7 6 .67 ”  .88. 7 1 .26 . o 75~ 0 .0 783

... A V E P~A 1E.  • (‘ .1356

0.U3P4 c

‘U~ J
.
~ 1/~ 

.i A V IPIAUE a

4 4 5 3 ”  A V E. MA~~E)  • 25 • 0.2119

a. • u. s o o o

‘
Jr-

pr

•• • •.* * *• . 5  41*55
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CA TEGO RY II. HIGH—LNE* 4(iY A p~AY

IN tE RVAL 4,  301 — 1 0 . 0 0 0  MNf M
PROC ESSOR NAME. r ’ g A V A L  P4t S€ A RC PI

PROCC S SOW CODE ND. 1 3b

T Y p ’F or I)OS IM I IEW : TL I)
N.’c TECHNIQUE I MEG =
IR RA D I A T I O N  DIS TAN C 1 10 0 C~

IRM A . IRWa. O)4~P DOSE C 4 4 U L V A L t N T .  CX z 1 . 2 3 0
0O~~f ..ETEk 1..aTf RAT E TINt EX PO SURE F L I V .  kIPOpy .

N’ ) MRFW I R R A D I A T E D  ) M k/ M I N)  ( M I N I  (M 14 ( “ 1 1~~N) (Mk ~ .M)  P . ( 4 i *~~H) / H

2 — 1 4 — 7 9  877 ,20 b . u - ~0 4w 6 4 ,~~5 5+9?,  6530 . 0. 14,90

45 2— 1 3 — 7 9  105 .20 3 . i i O  32 7 . 17  4 02 . ‘8’ . ( . 1 54 4

64 2 — 1 4 — 7 9  877 .20 2 .355 ?)b”.$l ,“ ‘w l .  3U~~9 , 0. 2076

64 ’  2 — 1 3 — 7 9  105 .20 J .* . i t) 3o1.js u57, ‘~~~. G.21~.”

25 3 — 2 1 — 7 9  880 .30 8 .300 hwl .89 ~~~~~~~ 788 1 .

4 3 — 2 1 — 7 9  8 o O . 3 0  S. ’~~,0 5 1 0 1 . 58 b ? ? ’ . 7 390 . 0. 1 7 7 7

14 3—19—7 9 102 .90 5.685 5d+.~~ 8bb .

68 4—24— 79 890.30 3.890 3307 .35 w 0 8 4 , 505’. 0.2.24

47 4—24—79 13.?? 3.820 (‘7 ’ ~.~~9 3.... 3$0~ ) .1 ? 2 1

4— 24— 79 73 .2? 8.870 ..8p..71 601. b7~~. 0 .123 1

AV IHA iL  u . 1 $ 1 - +

S =

- 
u A9~~~A(,l = 2758.1

* 4 5 4 . ’ Avl *~4C,E.
) • 25 0 .2 80 4

• 

L ‘ 0.5000

•*..*.....* P~~SS ~~~~~~~~~~~~~~

‘V -



C A T EGORY I I I .  L Dw — € N E R U Y  X R A Y

INT~~W V A t  1. 150 — 300 M 4C M
PW,)CE’~SOW NAME. : N A V A L  4 , E S~~A R C P 1

PW~~Ct’,s,uW COO L ~0. :

TYPE ~J F c4uSlMl I lw  I T LD
N’~6 T~~Cp iNj~~~ h~

1UI~A DIA TIO4 - 4 DISTANC E 1 ~00 C~

I14N A . I..W~~. ~~t - ) w ~. ‘O~~L t~~ ( . 1 V .,  L1~=0 . 8 1 U
•~O~~7 ’ F T F ~’ ( ) A T E SA T E  l I M E t A P u S( .,

~ ‘~ L I V .  RE.PU~? T .
N , M ~~Fo IR W A I ) I A T E D  ( N W / M I N I  ( M I M I  (~~ ‘~ - ( . 4 k 1 - M I  (MPt p l ) 4 (’-”’ — ) i )/ p ,

‘Il 2 — 2 8 — 7 9  1l 4 .”~ 1.~~Jd ?l7 .cs jl r .  Ibi .

64 ‘— 26— 19 ii’.~ ’iJ 2. -~.- t ’ i J 4.~~~. 211. —u .07’8

? — ? 6 — 79 1l’ .~~o d.2~~U ~5~~.77 -‘l- ~. coi . — 0 .04 33

2 — 2 6 — 7 9  11’ .S )  2 . 7 ~’u — i 1 8 . U  — ‘~~‘ . ~~~~~~. u.uO7~

) 3 — 1 3 — 7~ t l b .~ 2.t ’ - ~~~~~~~ -
‘V ’..  ~~~~ — U.uoJ S

3 1 3 — 7 9  11° ..40 4 . 7 7 ~~ 3 2 j .~-.w ‘~~ 0 . O” 7 3

24 3—13—7 9 110 .60 3 . 0 1 0  iS j . , 7 2’~~~~. — U . 0 1 +~~ 
-
~~

4M ..— ?8—79 118 .00 C.~~L J  ~‘~t .l6 ? i h -’ . 23’ . — 0.0085

4 — ? R—  79 11 0 . (• ‘ 0 1 • ~
4 3~~ C • ?‘ I 1 ‘ 1 ? ~~~. 0 • 4)110

. .— ? 8 — ? 9  11 6 .00 1.~~?~’ 474.72 ñ . 18u . 0.0

- A V E . ” A , t  — 0 . 0 2 5 7

~ ~~~~~~~

A 4 s ( L ~ A V )  ~~~~~~~ 
I • (S 0.0886

0* 5 0 0* 0 * 0 * 5  4-~~~’,5 * 5 * 0* 0 0* 0 5

I
41’

• -—-- • -- -- --—— —-~~- - -~~~~~~~-~~~~~~ •~~~ •- •~•-—— -— -— • • • — • --- • --- 
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-- -~~~~ 
_

CA?E3 ~ON Y III. LOw—ENER LI Y A M A Y

I N T E R V A L  1. 150 — 3oo Mw1M
PNUCL ’,509 NAME N A V A L  R 15 ~~A P . C 1 4

PROC ESSO R COOL ‘~U. : 38

T YPF OF L )OSIM 1fE.~ I ILl)
N’4S TEC NNIQUE : L G

I R R A D I A T I O N  D I S T A N C E  . ? 00 Cu

IRMA . L NWA . JFp~~ DoSE ~UULVA LEN T. CX 0.?50
t )O~~IM(T Fk  DATE R A T E  T i M E  EX POS u RE ~. iv. RLP1JpT,

N1 IM RF R I R R A D I A T E D  ( P4 14/MIN I (M iN I  ( M N) (~~ i E u) (NRIM) 41 ( P l * — 1 4 ) / 6

57 2—2 8—19  114 .5 0 1 .90 0  2 1 7 . s s  5, , ‘.0 . — 0 . 0 ?. . !  H

68 2— 26—79 114 .50 ~~~~~~ 33~~,3.. o .~ e~L , — 0.u 3’~7

39 2—2 6—79 114 .50 2.280 Cbo .17  OS . b- ’~ —0. 0304’

Sn 2—26—79 114 ,’IO 2.780 31o.31 8~~, (4 .0

3—13— 79 118 .80 2.600 310.69 1.4. 7i , — 0.08.1

13 3— i 3—7 ~ 118 .80 2.770 323.5. $
~~~. 

lo

24 3—1 3— ~~ 116 .80 3.010 351.”’ . - ~~, 4 ? , — 0 . 1 1 1 .

48 4—28—7 9 116 .00 2 .StO 2 9 1 . l o  1 4 .  7~’ , — 0 . 0 1 1 1

59 4—2 8— 79 11e .00 1.830 412.7W 5 4  5 *  0 .0 1 8 ’.

60 4.28—7 9 118 .4)0 1.920 222e72 ‘~0 . 0.&)

~ A V E P A u t  — 0 . 0 2 7 3

5 = 0.031..

ii A V EN* i~,E. = 71..’
Y~~~ 4 9 ’ . ( P  A V C R A I , F )  • 25 • 0.0901

L = 1.7777
•(I~\\ -~~)~

•**.*.**.** 4-’M ’,s • 0 * *S 0 0 0 0 0

37
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CATEGORY III. LOW—€N1 kl,Y A WAY

INTERVAL 2. 301 — 10.000 MREM
PRUCtSSOR NAME NAVAL RESLARC .4

PN(~CE.sSOP CODE r~O. .38

TYW ,~ or i~OSIM1 I~~W ILL)
‘JW S IFC ,4 NIO .uE 1 L — u

I O Q A U I A T  ION D I S T A N C E  : 200 CM

I~~WA . IWRt.. S P 4 . ~~L L ( ~ W ~0SE. ~- (~LJ1V. .  CA O.4410

~~~I ,’FTEW lA T E RATE TIUL EX P U S UW E  t - L r ” . RLPU,.1T .

NU’~~ EP 1~~9AUIATE D (MR/44INI (M INI ( .A ~~ ) ( 4 R E M)  (MPC.h.1) P=(t1*—H)/#i

4?  2 — 2 6 — 7 9  486 .’i0 1~~.~~5ti  5 198.18 -‘? A 1 .  315i . — 0.251?

3# 2—2 o—7 9 288 .40 i7 .4~~
( 1f l7?~~.,’ ~4 N ’ ~~~~ 

- 0.0 155

2 — ? 6 — 4”~ 2ob ..D 2.910 ~.3 3 . 4 4  .-75 • 68’.• 0 . 4 ) 133

1’. 3—14— 7~ 288.60 1.684) 4 ? 9 . 0’ ~ 
1k,~4 . 3~~A . —0.0698

‘4 3 4 4 — 7 9  288. 60 8. 2 7 0  23 8 6 . 72  1’~~ 1, 191° . — o . 0 o ~~e

3 1’— 19 ? M8 . , 0  1 . 4 -~7o 539 .88  ~~i7 . ‘.1k . 0.0595

4 2 ~ —79 ?M8 ..4 4) 2.1!JO b20 .~~2 ~~I 1 3 .  510 . 0.013’.

40 4 — ? 9 — 7 9  2~18 . A() 2 9 . 9 0 0  80 3 5 . 12  ~~- 4 ~~~’ . 682’ .. — 0 . 0 2.3

37 4— 2 9 — 7 9  28b .’ .0 J..bO ~9’~.25 ~~~~~~~ 79(• —0.01.8

6 4  4 — 2 9 — 1 9  ?88,bu j . 4 4 7~~j b4u.O~ 
.. i7 . 42~~~. — 0 . 02 2 9

‘ A~ E~~AOE —0.0408

0.0795

~i A V E hiA &j E. 2507.7

A~4 S ( i  A~~~L~~~A (iE ) • 2S 0 .19 98

L U • 5000

* * *4 ~** 0* *4~0 ,•,MS5 *0 04* 5 4* 5*  

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



CATEGORY III~ L OW—ENERO Y A P A Y

INTERVAL 2, 301 — 1 0. 0 0 0  M R F M
• PROC ESSOR NA ME 1 N A V A L  RES EA RC H

°NOc E.SSUR CODE NO. 38

TYPE OF DOS IM E IER ILL)
NRS TECHNIQUE 1 L—G

I R R A D I A T I O N  DISTANCE : 200 C~’

INRA .  I R RA .  DEEI-~ DOSE EQUIVALENT , Cx=0.250DO~~IuET EP DATE RATE TIME EXPOSURE 1 E L IV .  R EPO RT.
NUMM EP I R R A D IA T E D  ( M R/ M I N I  (M INI  (~lR) (MN EM) (MRc. M)  P =( H*_ H )/ h

42 2— 2 6 — 7 9  286 .40 18 . 150  5198 .16  1 .~~n. 974~ — 0 . 2508

38 2—26—79 280.40 37.480 10728.54 2~ 82. 272b . 0.01 64

2—2 6—79 286.40 2.910 833,42 ?u8 , 2 1 .  0.014.

19 3 — 1 4 — 7 9  288 .60 1.680 4 7 9 . 08  12o. 11 1 . — 0.0750

4 3 — 1 4 — 7 9  288 .60 8, 271) 2386 .72 ~~~~ 594 , — 0 . 0 0 8 4

20 3—1 4—79 288.~~0 1.870 539,~~8 j35. 12(, —0. 05’~’3

64 4 — 2 9— 7 9  288 .80 2 .150 82 (4 , 9 2  155 . 151 . 0.0129

40 4 — 29—79 288 .80 29 .900  8835 .12  ~~~~~ 2108 . — 0 . 0 238

37 4 — 2 9 — 7 9  288 .80 3 ,480  999.25 ?So .  24 0 . — 0 . 0 160

63 4 — 2 9 — 7 9  288 .80 1.870  ~4 O , O 6  u S . 132 . — 0 . 0 2 2 2

4-’ A V E R A G E .  = —0.0412

• ç - 
S = 0.07’~7

~ AV E RAG E.  77’ .l

A F 4 S ( °  A V E8A GE ) • 25 0 . 2 0 0 5

4 L = 0.5391
C;1

~

$
~~I. ,

~ 
*4*5*...* .,  PUSS 0* 4 4 4* 0* 0*

39



C A T E G O R Y  V~ NEUTRON

I N T E RV A L  1. 100 — 300 MREM
PRO C ES SO R NAME : N A V A L  RES EA R CH

PR OCE SSOR CODE NO. 1 38

TY PE Of UOS IM E (ER 1 AL8EOO
SOURCE : CA t . I FOWNIUM — 252

I P O A D IA T I O N  D IST AN CE : Sri OW4-s i  bELOw

NOTE DELI VERED DOSE El ) U I V A L L N T  INC LUD E ’, T’.E
RO OM RE TU RN (SCA TTEhi ) CO.~REL T Io49 FA C TOR
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