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FOURTH PERSONNEL DOSIMETRY INTERCOMPARISON STUDY

H. W. Dickson

HIGHLIGHTS

The fourth Personnel Dosimetry Intercomparison Study was held at
the Oak Ridge National Labératory's Dosimetry Applications Research
Facility during March 15-23, 1978. The Health Physics Research Reactor
(HPRR) used unshielded, with a 12-cm-thick Lucite shield, a 20-cm-thick
concrete shield, or a 5-cm-thick steel and 15-cm-thick concrete shield,
provided four neutron and gamma-ray spectra. The characteristics of
these fields such as neutron energy spectra, intensity, and uniformity
have been measured previously during nuc]ear accident dosimetry studies.
Exposures were made to simulate total exposures likely to be encountered
in personnel dosimetry. Neutron dose equivalents of the order of 500
millirems were produced by controlling the reactor power level and exposure
time. Dosimeters were mounted on the trunk section of water-filled
phantoms, the front edges of which were located 3 m from the reactor
center. When shields were used, they were placed at 2 m from the core in
the case of the Lucite shield and 1T m for the concrete and steel/concrete
shields. Sulfur pellets exposed at a standard location on the reactor,
proportional counters, and thermoluminescent dosimeters were used to
perform reference dosimetry. Using the fission yield and the calculated
leakage of the HPRR, the neutron fluence at the 3;m position was calculated
for each reactor run. Then the dose was calculated based on the HPRR
neutron spectra and dose conversion factors which had been determined

previously for the four spectra. The results of these personnel dosimetry
intercomparison studies reveal that estimates of dose equivalent vary

over a wide range. The standard deviation of the mean of participants

vii



data for gamma measurements was in the range of 29 to 43%; and for

neutrons, it was in the range of 57 to 188%.
INTRODUCTION

For the past fourteen years the annual dosimetry intercomparisons
at the Oak Ridge National Laboratory's (ORNL) Dosimetry Applications
Research Facility (DOSAR) have provided-an opportunity for laboratories
in the United States and foreign countries to test dosimetry systems in
simu]atea nuclear accident situations. These studies have been successful
in deve]oping guidelines in instrumentation and procedures and in estab-
1ishing "standardized" radiation fields whose characteristics such as
energy spectrum, intensity, and uniformity have been measured and accepted.
The Health Physics Research Reactor (HPRR) has been used as the pulse
radiation source. The unshielded reactor or the reactor used with one
of four shields provides five different neutron and gamma-ray spectra.
These shields are: .

1. 12-cm-thick Lucite shield,

2. 20-cm-thick concrete shield,

3. combination 5-cm-thick steel and

15-cm-thick concrete shield, and

4. 13-cm-thick steel shield.
For the study described in this report only the first three shields were used.

Many experimenters over the years expressed interest in using the same
"standardized" radiation fields for the comparison of the response of routine
personnel dosimeters used at Tow radiation levels typically encountered |
in personnel monitoring. As a result, the first Personnel Dosimetry

Intercomparison Study (PDIS) was conducted during the period May 14-16,



1974, with ten groups participating exclusive of the DOSAR group. Three
additional intercomparison studies for personnel dosimeters have been
completed at ORNL. The second PDIS was conducted February 18-19, 1976,
with eleven participating groups; the third PDIS was held March 15-16,
1977, with seven participating groups; and the fourth PDIS was conducted
March 15-23, 1978, with twenty-two participating groups (Appendix A

contains a 1ist of participanté).
" EXPERIMENTAL DCTAILS

The HPRR was used as the source of gamma and neutron fields. The
radiation properties of several of the possible fields around the HPRR

1-3 and calculated”*® in previous studies. The HPRR

have been measured
is a small, unshielded and unmoderated, fast reactor suitable for re-.
search in health physics, radiobiology, biomedicine, and related fields.
The reactor core is a right circular cylinder (0.23-m diam, 0.20-m
high) of enriched uranium (93.14 wt % “°°U) alloyed with 10% molybdenum.
1ts fuel plates are coated with nickel and held together by fuel bolts.
It has one large scrammable fuel e1émeﬁt (the safety block) and three
contral rods, one of which can be inserted rapidly to produce a pulse of
radiation. A more complete description of the HPRR is provided by
Auxier.6
The HPRR was used to expose personnel dosimeters to mixed neutron
and gamma fields. The reactor was operated as shown in Table 1 in a
steady-state mode at a constant powér Tevel for a length of time nec;
essary to produce dose equivalents of a few hundred millirems which is

the range likely to be encountered in personnel monitoring. In order to

produce this range of radiation levels, a free air tissue kerma of



approximately 50 millirads was required for the neutron component; and

the reactor operating time was calculated based on this kerma. Generally,
the dosimeters were mailed or shipped to the DOSAR a few days in advance
of the intercomparison. The dosimeters were then returned in a similar
manner the day after the intercomparison exposures were completed.

A11 dosimeters were placed on water-filled trunk portions of
phantoms, the leading edges of which were located 3 m from the reactor
core. When shields were used, they were p]acéd between the detectors
and the HPRR core, at a distance of 2 m for the Lucite shield and at a
~ distance of 1 m for the concrete and steel/concrete shields. The place-
ment of dosimeters on the phantoms is shown in Fig. 1, and a typical
experimental arrangement with reactor and shield in place is shown in
Fig. 2. Several phantoms, water bottles, and other containers were used
as labeled in Fig. 2 to accommodate all of the dosimeters and special
requests by participants.

During the fourth PDIS, several sets of dosimeters arrived Tate and
had to be exposed in separate but equivalent reactor operations.
Dosimeters for sixteen groups were exposed March 15-16, 1978, and dosim-
eters from five groups were exposed March 23, 1978. The same reference
dosimetry was performed for each set of dosimeters. All of the reactor
parameters listed in Table 1 apply to both periods o% irradiation. The
runs designated 1 through 4 applied to the March 15-16 time frame and

the runs designated 5 through 8 applied to the March 23 date.
REACTOR SPECTRA AND DOSIMETRY

Calculations of the HPRR spectra have been performed using a two-
“dimensional discrete ordinates transport.(DOT) code which assumed cylin-

drical symmetry about the vertical axis of the HPRR core. The



first set of ca1quat1‘ons4 was done for the unshielded reactor and the
reactor with the Lucite and steel shields in place (see Fig. 3). These
calculations were performéd using 34 energy groups of neutrons ranging
from thermal to 14 MeV. The reactor height was fixed at 150 cm above a
30-cm-thick concrete slab. The shielding configurations were a 13-cm-
thick steel shield rising 213 cm above the concrete slab and a 12-cm-
thick Lucite shield rising 282 cm above the slab. The fronts of these
shields were placed at 200 cm from the reactor center. In addition to
neutron spectra, these calculations also provided neutron dose as a
function of distance from the reactor (shown in Fig. 4).

- Recently, other ca'lcu]ations5 have been performed to determine the
neutron spectra (see.Fig. 5) and dose (see Fig. 6) through two new
"shield configurations — a 20-cm-thick concrete shield and a combination
5-cm-thick steel and 15-cm-thick concrete shield. Each of thése shields
i$ 213 cm in height. |hese calcuiations wére done using fhe previous
calculational mode] except that the shields were located 100 cm from the

center of the reactor and only 33 energy groups were used.
REFERENCE DOSIMETRY

In addition to the calculated neutron dose, various dosimetric
devices were applied to obtain the true neutron dose delivered during
the intercomparison. These devices included the routine sulfur pellet
monitors on the reactor and Hurst proportional counters located at the
position of the exposed dosimeters (see Fig. 2). While sulfur pellets
respond only to the neufron fluence above a threshold of approximately

2.5 MeV, they may be used to monitor the reactor output since a large



percentage of neutrons from the HPRR (~30%) exceed this energy. Also,
because a constant fraction of the neutrons for any given shielded
configuration will have an energy above the sulfur threshold, the sulfur
pellets can be used to estimate neutron tissue kerma for all the experi-
mental conditions once the calibration factor has been determined for
each of the spectra. These calibration factors have been determined
previously from nuclear accident dosimetry intercomparison exper1’ence7'9
at the HPRR. Therefore, the sulfur pellets exposed at a standard location
‘on the reactor during the intercomparisons served as a basis for estimateé
dé‘tissue kerma at the experimental position. The results of the sulfur
pellet dosimetry are given in Table 2.

In the case of the unshielded reactor and the Lucite-shielded
reactor, average quality factors for the neutron spectra are available
in the'1iterature;]0 and these values were used as the best available
data. . Independent calculations by the author, performed in the manner
indicated below, support the literature values. Literature values were
not available for the concrete or steel/concrete shields.

For the concrete- and steel/concrete-shielded cases, the quality
factors were calculated based on data from ref. 11. Using the previously
calculated spectra5 through the concrete and steel/concrete shields, it
was possible to calculate spectrally weighted dose and dose equivalent
conversion factors. This was accomplished by taking the product of a
dose (or dose equivalent) conversion factor from ref._]] and the fraction
of the neutron fluencein a given energy interval, and then summing over

the 33 energy intervals in the complete spectrum. Finally, the spectrally

weighted dose equivalent conversion factor was divided by the spectrally



weighted dose conversion factor to give the quality factors for the
concrete and steel/concrete spectra. These calculated quality factors
are given in Table 2 aTong with an estimated error of 5%. The error
estimate is based on the fact that the use of other generally accepted

dose and dose equivalent conversion factorfs]Z’13

Tead to slightly different
quality factors.

A Hurst proportional counter]4 was used to measure the absorbed
dose from neutrons. The absorbed dose is proportional to the size and
number of pulses from this counter; therefore, the pulse height distri-
bution was obtained with.a multichannel analyzer and read into a PD§;1O
computer for analysis. The pulse height distribution from the Hurst
counter was due largely to neutron interactions; however, gamma radiation
contributed to the low energy end of the spectrum. In order to determine
only the neutron response, the computer program incorporated a stripping
routine to remove the gamma response. The counter was calibrated using
an Am-Be neutron source that had been standardized Ly the National
Bureau of Standards in terms of neutron yield. The results of these
measurements are given in Tables 3 and 4.

Gamma radiation levels were measured with thermoluminescent dosim-
eters (TLD's). Lithium fluoride dosimeters having normal isotopic com-
ponents (TLD-100) and dosimeters having an enrichment of 7Li (TLD-700)
were used in pairs to obtain the yamma-ray exposure in the prusence of
neutrons. The differential neutrons response of these dosimeters had
heen determined previously. The TLD's were calibrated for gamma exposure

using a 226

Ra source. The results of these measurements also are given
in Tables 3 and 4. The error in these measurements is estimated not to

exceed



In addition, the neutron dose equiva]ent for the intercomparison
exposures were calculated. Using dose conversion factors for that
section of a phantom12 designated as element 57, the dose conversion
factors for the HPRR spectra were calculated. Using the fission yield

15 of

as determined by reactor instrumentation and the calculated leakage
the HPRR, the neutron fluence was calculated for each reactor run. By
applying the previously determined dose conversion factors and average
quality factors (giVen in Table 2), the dose and dose equivalent were
cé]cu]ated for each experimental configuration (see Table 5). The
results for the concrete and steel/concrete shields were anomalously

high suggesting problems with the calculations of these spectra from the

DOT code.
DOSIMETERS USED BY PARTICIPANTS

Several types of dosimeters were used by the participants in this
PDIS. For measuring the neutron component, TLD albedo and nuc]egr track
film, type A (NTA) film dosimeters were the most numerous; however, '
track-etch dosimeters using polycarbonate films are gaining in popularity.
For measuring the gamma components, only film and TLD's were used, with
TLD's being uéed most frequently. A breakdown of dosimetef types by

participating group is given in Table 6.

INTERCOMPARISON RESULTS

The results of these personnel dosimetry intercomparisgn studies
reveal that estimates of dose equivalent vary over a wide range. The
results of all the reported measurements are given in Tables 7-10.
While it was preferable to report every individual measurement, a few

participants averaged measurements ‘and reported only the average values.



Most of the dosimeters were exposed on phantoms A, B, or C (all identical
for the purposes of this intercomparison); however, a few measurements
were either made in air or on a water bottle by special request of the
participant. The phantoms, water bottles, and air stations are marked
in Fig. 2. These exceptions are pointed out in Tables 7-10. One
partiéipant used TLD-100 for gamma measurements without anticipating the
effecf of neutrons. The result was that the data could not be corrected
for neutron response and is included in Tables 7-10 only for the sake of
completeness. The data was not used for the summaries that f01jow.

Because similar operations were performed on two separate occassions
to include all dosimeters, some effort has been made to identify measure-
ments with the date on which they were made. One set of reactor runs
was conducted March 15-16 and another set on March 23. The reactor was
operated for the same length of time and at the same power level in both
sets of runs. Consequently, one would not expect differences in the
neutron dose between these sets of runs, and real differences were not
observed. The gamma doses are a function not only of the reactor
operation but how long the dosimeters stayed in the high background area
around the reactor. Since this "stay" time could have varied between
sets of operations, it was more important to keep track of potential
differences in gamma dose. A real difference in gamma doses was obseryed
only for the two different unshielded reactor exposures.

The participant data are summ%rized in Tables 11-14 for the different
exposure conditions. No minimal or zero values were used in these sum-

maries. The results would have looked worse had these valiues been used.



Since the median is a central tendency.parameter which tends to minimize
the impact of extreme data points, it was chosen as one-statistic to be
presented. This minimized the inclination to "sort the data" by throwing
out obvious outliers. Consequently, the means and standardideviations
in Tables 11-14 reflect nearly all the data (exceptions already mentioned).
For intercomparison studies, it is important to see how well the
participants' measurements agree with reference values of radiation dose
equivalent as well as with each others' experimental results. The
neutron dose eqdiva]ents as determined for the two sets of runs (see
Tables 2-4) were averaged for both the proportional counter and the
sulfur pellets, independently, to serve as the reference values. Thesé
values are compared with the mean and median values of the partiqipant's
measurements in Table 15. Reference dosimetry as determined by sulfur
pellets has a larger uncertainty than doses determined by the Hurst
pfoportiona} counter. This is especially true for the concrete and
steel/concrete shields for which the attenuation factors are not well
known. A comparison of gammé reference dosimetry with participant's
results is given in Table 16. While the data have been kept separate for
the two sets of runs, it appears that only data from the unshielded part

of the experiment needed to be separated.
CONCLUSIONS

A few tentative conclusions are sdggested by this study; however,
one needs to be cautious since some data points represent only a few
measurements. Perhaps the data from all the PDIS studies could be

combined to yield more definitive conclusions. It appears that NTA film
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(see Tables 1T-14) consistently underestimates the dose. This would be
even more dramatically portrayed if zero and minimal values had been
included. Other neutron dosimeter types respond about equally well (if
one considers +50-100% acceptanle).

Film has a smaller standard deviation than TLD's for gamma dosimetry.
This observation is based on too little data to be conclusive, however.

Overall, standard deviations were excessively large. Few of tﬁe
dosimeters in this PDIS would pass the guidelines contained in a draft

d]6 and supported by the Nuclear Regulatory

American National Standar
Commission. The few bright spots were for dosimeter types minimally
‘repreéented and consequently lack the degree of confidence that is
required to allow one to assert acceptable performance. For. example,
track-etch dosimeters generélly_agreed‘with the reference dosimetry and
had a smaller standard deviation than.albedo dosimeters.

This type of intercomparison activity was found to be valuable to
the participants, and the results are indicative of some Lrouble spots
in the interbretation of dosimeter responses. The participants and
dosimeters have not been the same from one year's study to the next, and
there is'nn reason to believe that the same participants will continue
year after year. Thus, new groups can be helped by offering this
activity on a continuing basis. It is anticipated that this type of
intercomparison study will be worthwhile on an annual basis until the

-prob]ems in dosimeter response and interpretation have been identified

and éo]ved.
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Table 1. Summary of reactor operations for the fourth PDIS

. Power Time A Fissions
Run Shield (Watt) ) (SeC) (1013) .
1 and 5 None 2 187 1.16
2 and 6 ~ Lucite 2 990 6.14
3and 7 Concrete 1.7 1285 .. 6.77

4 and 8 Steel/Concrete - 1.9 ‘ 1328 - 7.83"

Téb]e 2. Sulfur pellet dosimetry

Dose
. Kerma .
Run Date Shield g a QF equivalent
(mil11rad) (milliren)
1 3/15/78  None . 45.9 £ 10% 9.4 + 4% 431 + 46
2 3/15/78 - Lucite 49.2 £+ 11% 8.9 + 5% 438 + 53 .
3 3/16/78 Concrete 67.8 + 16% 8.6 = 5% 583 + 97
4 3/16/78 - Steel/ 71.0 £ 19% 8.8 + 5% 625 + 123
Concrete
5 . 3/23/78 None 49.4 + 10% 9.4 * 4% 164 + 50
6 3/23/78 Lucite '53.3 + 11% 8.9 + 5% 474 + 57
7 3/23/78 Concrete 63.3 £+ 16% 8.6 + 5% 544 + 9]
8 3/23/78  Steel/ © 70.0 £ 19% 8.8 £ 5% 616 + 121
Concrete : .

Error due to comhination of counting errors, cxtrapo]at1on from
location of pellet to dosimeter position and uncertainty in sh1e1d1ng
attenuation factors. .
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Table 3. Reference dosimetry for the fourth PDIS (March 15-16, 1978)

Dose equivalent

Exposure Neu?rop»dosea Neutyon (millirem)
condition (millirad) QF Neutron  GammaC
Unshielded 51.2 9.4 - 481 + 52 32
Lucite 46.8 8.9 416 + 47 41
Concrete 51.7 8.6 445 + 50 27
Steel/Concrete 63.1 8.8 467 + 52 24

Measured with a Hurst proportional counter. The error due to
calibration source uncertainty and counting statistics amounts to
approximately 10%.

bQua]ity factors are known to 4% for the unshielded reactor
spectrum and approximately 5% for the various shielded spectra.

“Reference gamma dosimetry performed using TLD's.

Table 4. Reference dosimetry for the fourth PDIS (March 23, 1978)

Dose equivalent

Expu§uye Neu?roq doseaA Néutgon (millirem)
condition (millirad) qQr Neutron  Gamma®
Unshielded 46.0 9.4 432 + 47 15
Lucite 62.1 8.9 466 + 52 R3
Concrete ' 49.2 8.6 423 + 47 33

+ 47 33

Steel/Concrete 47.6 8.8 419

“Measured with a Hurst proportional counter. The error due to
calibration source uncertainty and counting statistics amounts to
approximately 10%.

bQua]ity factors are known to 4% for the unshielded reactor
spectrum and. approximately 5% for the various shielded spectra.

“Reference gamma dosimetry performed using TLD's.
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Table 5. Calculated doses and dose equivalents for PDIS
operations based on reactor operating information

Fissions Fluence

. Dose Dose equivalent
Shield (10'3) (em™? x 10°7)  (millirad)  (millirem)
None 1.16 2.34 59.7 561
Lucite 6.14 3.26 47.5 423
Concrete 6.77 6.77 91.8 . 789
Steel/ 7.83 7.60 92.7 816
Concrete

Table 6. Types of dosimeters used in the fourth PDIS
Neutron Gamma
Group dosimeter dosimeter
Argonne National Laboratory NTA film Film
Battelle PNL TLD albedo TLD
Cornell University TLD
Czechoslovak Academy of Sciences Track etch
Department of Navy TLD albedo TLD
Department of Energy/I00 TLD albedo TLD
Eberline Instrument Corporation TLD TLD
Fermi Laboratory NTA film/Track etch Film/TLD
Goodyear Atomic Corporation : '
Kernforschungszentrum Karlsruhe TLD albedo TLD
Lawrence Berkeley Laboratory
Lawrence Livermore Laboratory TLD albedo/ TLD
Track etch
R. S. Landauer, Jr. & Company Track etch
Rockwell International TLD albedo TLD
Savannah River Plant TLD albedo TLD
Stanford University TLD albedo TLD
Teledyne Isotopes TLD TLD
Tennessee Valley Authority TLD
University of California, Davis NTA film Film
University of San Francisco Track etch
Westinghouse, Bettis TLD albedo TLD
Yale University NTA film Film
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Table 7. SResults of particinant's measurerents for the unshielded HPRR exnosures

Neutron
Neutron N 3 famma
firoud e fose eoyivalent farma A
dosimeter 313 : Anse pnuivalent Phantom Rate af .
- {milliren) dosimeter {milliren) used exnosure Remarks
1 1 (NTA film) 280 1 {Film) 50 A 3/15/178
2 (NTA film) 275 2 {Film) S0 A 3/15/78
3 (NTA film) 250 3 (Film) <0 A 3/15/18
2 * 1 {(Albedo) 540 1 (TLo) 50 8 3/15/78
3 1 (TLD-100) 188 [ 3/18/18 Not corrected for neutron response
« 2 (TLD-100} 200 t 3/15/78 Mot corrected for neutran resmonsé
1 (TLD-100) 225 [ 3/15/18 Not corrected for neutron response
I 1 {(Tnack aren} 600 In air 3S/TR
5 1 (R1bedo) 86U 1 {1 7 r NSI8
¢ {Albedo 1004 2 (TLD) 74 C 3/15/78
© 3 {Albedo Wwes 3 (TLo) 69 c 315778
6 1 {(Albedo} 91 1 {TL0) 17 8 3/23/78
2 (Albedo} 98 2 (TLD) 14 8 3/23/78
3 (Albedo) 89 3 (TLD) 15 8 3/23/78
7 1 (TL0) 508 1 (10} 42 A 3/15/78
2 (TL0) 630 2 {TLD} R A 3/15/78
8 1 (KTA film) :}0 1 (Fivm) M A 3/23/78
2 (NTA film) 2 (Film) W A 3723778
3 (Track eteh) 297 3 (TLD) 30 A 3/23/78
4 (Track etch) 198 4 (TLD) 30 A /23178
9 In air 3/15/78 No results reported
10 1 (AYbedo) 560 1 (TLD) 15 A 3/23/78
n B 3/15/78 No results reported
12 1 {Albedo) 480 1 (TL0) 38 C 3/15/78
13 1 (Track etch) 280 [ 315718 Combined particiation with
Group 20
Reported only average of 3
meysyrements
14 | (Aliwiv) 507 1 {T.n) a7 B 3/15/78 Reported only average of 3
measurenmnty
1% 1 (&1hedn) 495 1 {TLD) 15 B 3/23/18
2 sAlbedo 640 ¢ (1) 15 B Y2YIR
3 {Albedo 4Us 3 (TLD) 15 [} 3/23/18
16 1 (Albedo} 570 1 {TLD) 34 A 3/15/718
17 1 (TLD) 595 1 {TL0) 38 HZO bottle 3/15/78
18 1 (Two) 38 A 3/15/78
19 1 (NTA film} 0 Y (Fim) 40 A 3/23/78
2 (NTA film}) 0 2 (Film) 35 A 3723778
3 (NTA fim} 0 3 {Film) 20 A 3/23/78
U 1 (Track elch} coo c 3/15/78 Combined participation wien
Group 10 i
2 1 (A1bedo) 807 1 (TLD) 20 A 318/%8
2 (Albedo) 457 2 (TLD) - 18 A 3/15/78
3 (Aibedo) 452 3 (TwD) 22 A 3/15/78
22 1 (NTA fiIm) '34 1 (Fiim) ' 40 4 3719718
2 (NTA fila) 2 (Film) 40 [ 3/15/78

“M = minimum detectable or minimal but reported

without specitic definition.
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Table 8. Results of narticipant's measurements for Lucite shielded HPRR exnosures

"leutron

fiarma

Neutron A Ramma : Phantom Date of
firoun dosimeter d°?:‘.$?".‘:;:;e"t dosimeter dos?ﬂﬁ:"i::l?"l used exnosure Remarks
1 1 (NTA film) 205 1 (Film) 55 A 3/15/78
2 (NTA film) 225 2 (Film) S0 A 3/15/718
3 {NTA film) 230 3 (Film) 50 A 3/15/18
2 1 (TL0) 10 8 3/15/718
3 1 (TLD-100) 827 4 3/15/78  Not corrected for neutron response
2 (TLD-100) 805 C 3/15/78  Not corrected for neutron response
3 (TLD-100) 8717 [4 3/15/78 Mot corrected for neutron response
4 1 (Track etch) 690 In air 3/15/78
5 1 {Albedo) 1342 1 (1LD) 18 ¢ 3/15/1R
2 {Albedo) 139 2 {TL0}) 138 C 3/15/78
3 (Albedo) 1249 3 (TLo} 136 C 315/718
6 1 (Albedo) 221 1 (TLD) 67 8 3/23/78
2 (Albedo) 193 2 (D) 67 B 3/23/78
3 {Albedo) 2n 3 (TLD) 58 B 3/23/18
7 1 (TL0} a2 1 (TwD) (] A 3/15/78
2 {TL0) 247 A 3/15/78
3 (Tw) 447 A 3/15/18
8 1 (NTA film) '1428 1 (Film) 80 A 3/23/18
2 (NTA film) 2 (Film) 80 A 3/23/78
3 (Track etch) 240 3 (TL0) 130 A 3/23/78
4 (Track etch) 192 4 (TLD} 120 A 3/23/78

9 in afr 3/15/78  No results reported

to 1 (Albedo) 420 1 {TLD) 50 WA 3/23/718

n Did not participate in this
exposure

12 1 (Albedo) 510 1 (TLD) S4 C 3/15/78

2 (Track etch 629 C INS/18
albedo comb.)

13 1 i(Track etch) 460 [4 3/15/78  Combined participation with Group 20
Reported only average of 3 measure-
ments

14 1 (Albedo) 483 1 (TLD) 61 8 3/15/78 Reported only average of 3 measure-
ments

15 1 {(Albedo) 600 1 (TLD) 50 8 3/23/78

2 (Albedo) 625 2 (TL0) 60 8 3/23/18
3 (Albedo) 570 3 (TLO} 55 8 3/23/78

16 1 (Albedo) 350 1 (TLD} 47 A 3/15/78

17 1 (TLD) 496 1 (TLD} 67 NZO bottle 3/15/18

18 1 (TLD) 67 .8 3/15/78

19 1 (NTA £1Im) 15 1 (Fi)m) 80 A 3/23/78

2 (NTA film) 0 2 (FiIm) 85 A 3/23/78

3 (NTA film} n 2 (F41m) €5 A 323
20 1 (Track etch) 460 4 3/15/78  Combined participatich wilh Gruup 20
2 1 (Albedo) 273 1 (TLD) 55 A 3/15/718

2 (Albedo) 261 2 (TL0}) 49 A 3/15/78

3 (Albedo) 274 3 (TLD}) 67 A 3/15/18
22 1 (NTA fim} '139 1 an; 80 ¢ 3/15/79

2 (NTA fiIm} 2 (Film 80 4 3/15/19

M = minimum detectable or minimal but reported

with no specific definition.
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Table 9. Results of narticioant’s measurements for concrete-shielded HPRR exoosures

Neutron Gamma
Neutron s Garma A Phantom Date of
Group doy imeler dc?;i???:g;ent dosimcter d“?ﬂﬁ‘{;:g;int used exposure Remarks

1 1 (NTA film) 180 1 {Fiim) 35 A 3/16/78
2 (NTA film) 175 2 (Film) 35 A 3/16/78
3 (NTA fiim) 165 3 (Film) 35 A 316778
2 1 {Albedo) 460 1.(TLo) 50 8 3/16/78

3 1 (TLD-100} 863 (4 3716/78 Mot corrected for nautron recponse

’ 2 {TLD-100) 913 C 3/16/78 Not corrected for neutron response

3 (TLD-100) 829 C 3N6/78 Mot corrected for neutron response
4 1 (Track etch} 60 in air 3/16/18
5 1 {Albedo) 6849 1{TLD) b8 ¢ 3716718
2 {Albedo 7555 2 {TL0) 58 C 3/16/18
3 (Albedo 3 3 (1) - a5 ¢ 3/e/18
6 1 (Albedo) 358 1 (TLD} 47 8 3/23/718
2 (Albedo) 380 2 (TLD) 64 B 3723/78
3 (Albedo) 374 3 (T1L0) 40 8 3/23/78
7 1 {TLD) 493 1 (TLD) 43 A 3/16/78
2 (TwD) 599 A 3/16/78
3 (M) 548 A 3/16/718
8 1 (NTA film) 468 1 (FiIm) 60 A 3/23/78
2 (Track etch) ns 2 (TeD) 90 A 3/23/718

9 ’ 04d not participate in this exposure

10 1 (Albedo) 590 1.(TLo) 35 A 3/23/718

" B 3/16/78 No results reported

12 1 (Albedo) 500 1 (TLD) 39 C 3/16/78

2 (Track etch 356 c 3/16/78
albedo comb.}

13 1 {Track etch) 630 C 3/16/78 {omt{ned participation with Group 20
Reperted only average of 3 measure-
munts

14 1 (Albedo) 749 1 (TLD) 39 ] 3/16/78 Reported only average of 3 measure-
nents

15 1 {Albedo 830 ) foee a0 8 32378

2 (Albedo 795 2 (TLh 40 B 323118
: 3 (Albedo 735 3 (1) L] B 3143418

16 1 (Albedo) 70 1 (TLD) N A 3/16/78

17 1 (TLD) 621" 1 {Ten) 51 uzn hattle 3/16/78

18 1 (TLD} 38 8 3/16/18

19 1 (NTA film) 40 1 (Film) S0 A 3/23/18

2 (NTA film) 50 2 (Film) 60 A 3/23/78

3 (NTA film) 90 3 (Film) 45 A 3/23/18
20 1 {Track etch) 630 [4 3/16/78 Com'.incd participation with Group B
2 1 (Albedo) 335 1 (TL0) 51 A 3/16/78

2 (Albedo) 358 2 {TLD) 45 A 3/16/78

3 (Albedo) 356 3 (TLwD) a1 A 3716/18
22 1 {NTA film) 1 (Film}) 60 4 3/16/78

2 {NTA film) 234 2 (Film) 70 [ 3N6/78

%M = minimum detectable or minimal but reported with no specific definition.
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Table 10. Results of participant's measurements for steel/concrete-shielded HPRR exposures

Neutron Gamma
Neutron s famma : Phantom Date of
q : :
roun dosimeter do?;i??:}g:‘;ent dosimeter d“?ﬂ?‘]“";:z;‘;"t used exnosure Remarks
1 1 (NTA film) 185 1 (Film) 30 A 3/16/78
2 (NTA film) 170 2 (Film}) 35 A 3/16/78
3 (NTA film) 155 3 (Film) 35 A 3/16/78
2 1 {Albedo) 9¢0 1 (TL0) 50 B 3/16/78
3 1 {TLD-100) 915 [+ 3/16/78 Not corrected for neutron response
2 (TLD-100) 985 [ 3/16/78 Not corrected for neutron response
3 (TLD-100) N7 [ 3/16/78 Not corrected for neutron response
4 1 (Track etch) 50 In air 3/16/78
5 1 (Albedo) 2367 1.(TIn) 128 o 3/16/78
2 (Albedo) 25€4 2 (TLD) 127 C 3/16/78
3 (Albedo) 1609 3 (TLD) 143 C 3/16/78
6 1 {Albedo) 457 1 (TLD) 36 B 3/23/78
2 (Albedo) 423 2 (1) 48 8 3/23/78
3 (Albedo) 453 3 (TLD) 43 B 3/23/78
7 1 (TLD) 719 1 (TLD) 0 A 3/16/78
2 {TLD) 838 A 3/16/78
8 1 (NTA film} m? 1 (Film) 70 A 3/23/78 L.
2 (Track etch) 306 2 (TLD) 100 A 3/23/78 K ]
9 ) Did not varticipate in this exnosure
10 1 (Albedo) 730 1 (TLD) 35 B8 3/16/78
11 B 3/16/78 No results reported
12 1.(A1bedo) 420 1 (TLD} 4 C 3/16/78
2 (Track etch 328 . [ 3/16/78
albedo comb.)
13 1 {Track etch) 620 : C 3/16/78 Combined participation with Group
) Reported only average of 3 measure-
* ments
14 1 (Albedo) 990 1 {TLD) 38 8 3/16/78 Reported only average of 3 measure-"
ments
15 1 {Albedo) 930 1 (TLD) 40 B . 3/23/78
2 (Albedo} 965 2 {TLD) 40 B 3/23/18
3 (Albedo) 1130 3 {TLD) 40 B 3/23/78
16 1 {Albedo) 1000 1 {TLD) 32 A 3/16/78
17 1 {TLD) 741 1 {TLD) 52 Hy0 bottle 3/16/78
18 1 {TLD) 34 B 3/16/78
19 1 (NTA film) o] 1 (Film) 50 A 3/23/78
2 [NIA film 15 ? (Film) 80 A 3/23/78
3 (NTA film 0 3 (Film) 50 A 3/23/?8
20 I (1rack etch) 620 . C 3/16/78 Combined participation with Group13
21 1 (Albedo) 333 1 {7LD) 39 4 3/16/78
2 (Albedo) 358 2 (TLD) 49 A 3/16/78
3 (Albedo) 372 3 (TLD) a5 A 3/16/78
22 1 (NTA film) 1 (Film) 70 [ 3/16/78
2 (NTA fiim) 180 2 °(Fi1m) 70 C 3/16/78

%M = minimum detectable or minimal but reported with no cpecific definition.
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Table 11. Summary of unshielded measurements®

No. of Standard

p?simetef type measurements Med1aq Mean deviation(o) %o
Neutron
Albedo 17 495 508 271 ' 53
TLD 3 595 578 63 11
NTA film 5 250 202 104 © 5]
Track etch 4 288 344 176 51
A1l 29 457 440 252 57
Gamma (3/15/78)
TLD 15 38 41.2 18.2 44
Film 5 50 46.0 5.5 12
Al1l 20 39 42.4 16.0 38
Gamma (3/23/78) |
TLD LA 15 18.1 6.3 35
Film 3 35 31.7 10.4 33
2 9.1 43

A1l . 13 15 21.

.aNo minimal or zero values were used. Gamma measurements by one
participant were excluded because the data could not be corrected fur
neutron response.
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Table 12. Summary of Lucite-shielded measurements?

. No. of 4 . Standard 0
Dosimeter type measurements Median Mean deviation(o) % o
Neutron

Albedo . 17 420 524 374 71

TLD 4 447 453 31 _ 7

NTA film 5 205 169 89 53

Track etch - 5 460 442 - 224 51

A1l ' 31 420 444 314 71
Gamma (3/15/78)

TLD 13 . 67 74.6 33.4 45

Film . 5 55 63.0 15.6 . 25

A1l 18 64 71.4 29.6 41
Gamma (3/23/78)

- TLD 10 59 71.0 29.0 41

Film 5 80 78.0 7.6 10

Al1l 15 67 - 73.3 24.0 33

A1l Gamma 33 67 72.3 26.8 39

INo minimal or zero values were used. Gamma measurements by one
participant were excluded because the data could not be corrected for
neutron response. :
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Table 13. Summary of concrete-shielded measurements?

Dosimeter type meagg}e;:nts Median Mean 'dé&?gg?gg(o) % o
Necutron
Albedo 17 50U 1720 2642 154
TLD 4 520 568 60 11
"NTA film 8 170 162 205 127
Track etch 4 458 465 153 33
Al 33 493 ~1053 2027 192
Gamma (3/16/78)
TLD 14 44 44,8 10.6 24
Film 5 35 47.0 16.8 . 36
A1l 19 43 45.4 12.0 26
Gamma (3/23/78)
TLD 9 40 43.2 24.2 56
Film 4 55 53.8 7.5 14
A1l 13 45 49,5 15.7 32
A1l Gamma © 32 44 47 .1 13.5 29

No minimal or zero values were used. Gamma measurements by one
participant were excluded because the data could not be corrected for
neutron response.
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Table 14. Summary of steel/concrete shielded measurements?
Dosimeter type meagﬁ;e;:nts Median Mean dzs?gg?gg(o) %o
Neutron

Albedo 17 930 948 676 71
TLD 3 741 766 63 8
NTA film 5 170 141 71 50
Track etch 4 414 - 438 - 149 34
A1l 29 500 720 606 84
Gamma (3/16/78)
TLD 13 45 61.7 41.4 67
Film 5 35 48.0 20.2 4?2 -
Al1l 18 43 57.9 36.6 63
Gamma (3/23/78)
LD 9 40 46.1 20.7 45
Film 4 50 55.0 10.0 18
A1l 13 43 48.9 18.1 37
A1l Gamma 31 43 54.1 30.2 56

No minimal or zero values were used.

Gamma measurements by one

participant were excluded because the data could not be corrected for

neutron response.
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Table 15. Comparison of neutron measurements of the

fourth PDIS with reference dosimetry

Reference dosimetry

Participants results

‘ (millirem) (millirem)
Shield - Proportional Sulfur Mean + ¢ Median
counter
None 456 + 50 448 1 48 440 = 252 457
Lucite 441 + bU 456 + B8 444 » 314 420
Concrete 434 + 48 563 + 94 1053 + 2027 . 493
Steel/Concrete 443 + 50 620 + 122 720 + 606 500
Table 16. Comparison of gamma measurements of the
fourth PDIS with reference dosimetry
Reference dosimetry? Participants results
. (millirem) (millirem)
Shield ~ " Runs on Runs on Runs on Runs on
: ' 3/15-16 3/23 3/15-16 3/23
None 32 15 42.4 + 16.0 21.2 &+ 9.1
Lucite 41 53 71.4 + 29.6 72.3 + 26.8
Concrete 27 33 45.4 + 12.0  49.5 + 15.7
Steel/Concrete 24 33 57.9 + 36.6 48.9 + 18.1

%Reference dosimetry by TLD has error of +10%.



25

ORNL-Photo 1508-74

Fig. 1. Placement of dosimeters on the phantoms. Upper half of
figure shows the front of the phantoms and the lower half of the figure
shows the back of the phantoms.
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ORNL-Photo 1202-78R

1

Fig. 2. Typical experimental arran?ement with the steel/concrete

shields in place. The Hurst proportional counter is located in the

center foreground.
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Part1c1pants of the fourth Personnel Dosimetry Intercomparison Study

(March 15-23,

Mr. W. E. Bleiler

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

Mr. J. J. Fix

Battelle

Pacific Northwest Laboratory
P. 0. Box 999 -

Richland, Washington 99352

Mr. R. Gardner

Cornell University

925 Warren Road

Ithaca, New York 14850

Dr. Frantisek Spurny _
Institute of Radiation Dosimetry
Czechoslovak Academy of Sciences
Na Truhlarce 39/22

18086 Praha 8

Czechoslovakia

Mr. J. C. Rivera

Radiation Safety -

Department of the Navy
National Naval Medical Center
Bethesda, Maryland 20014

Mr. J. P. Cusimano °
Department of Energy
Idaho Operations Office
550 Sccond Street

Idaho Falls, Idaho 83401

Mr. Eric Geiger

Eberline Instrument Corporation
P. 0. Box 2108

Santa Fe, New Mexico 87501

Mr. Sam Baker

Fermi National Accelerator Laboratory
P. 0. Box 500

Batavia, Il1linois 60510

Mr. Billy Short

Goodyear Atomic Corporation
P. 0. Box 628

Piketon, Ohio 45661

1978)

Dr. Ernst Piesch
Kernforschungszentrum Karlsruhe GmbH
Abteilung Strahlenschutz und Sic.er.
Postfach 3640, 7500 Kar]sruhe
Germany

Mr. Robert Latimer, Head
Environmental Health and Safety
University of California

- Lawrence Berkeley Laboratory

Berkeley, California

Mr. Dale E. Hankins

- Hazards Control Department

Lawrence Livermore Laboratory
University of California
Livermore, California 94550

Mr. Richard Oswald®

R. S. Landauer, Jr., & Company
Glenwood Science Park
Glenwood, I11nois 60425

Dr. M. E. Remley, Manager

Health, Safety & Radiation Services

Atomics International, A Division of .
Rockwell International Corporation

Canoga Park, California 91304

Mr. C. N. Wright

E. I. du Pont de Nemours & Company
Savannah River Plant

Aiken, South Carolina 29801

Mr. Gary Warren

Stanford Linear Accelerator Center
P. 0. Box 4349

Stanford, California 94305

Mr. Carl H. Distenfeld
Consultant, Teledyne Isotopes
Teledyne Isotopes, Inc.
Westwood, New Jersey

Mr. John Lobdell
River Oaks Building
Tennessee Valley Authority

. Muscle Shoals, Alabama 35660
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Mr. John Hickman
Environmental Health & Safety -
TB-30
University of California
at Davis
Davis, California 95616

Dr. Eugene V. Benton?
Department of Physics

University of San Francisco

San Francisco, California 94117

Dr. W. R. Harris, Manager

Health Physics and Environmental Engineering
Westinghouse Electric Corporation

P. 0. Dox 79

Bettis Atomic Power Laboratory

West Mifflin, Pennsylvania 15122

Mr. John E. Flynn

Yale University

University Health Sciences
Health Physics Division

New Haven, Conneticut 06520

9Joint participation, one set of data.
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